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ABSTRACT

The Set Equation Transformation System (SETS) is a computer program used to
manipulate Boolean equations symbolically. The capabilities of SETS and how they
are invoked by procedure calls in a SETS user program are described in this
reference manual.
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SE1S REFERENCE MANUAL

1. INTRODUCTION

The Set Equation Transformation System (SETS) is a computer program used to
achieve the symbolic manipulation of Boolean equations. Symbolic manipulation
changes equations from their original forms into more useful or desirable forms --
particularly by the application of identities. The SETS program is an interpreter
which reads, interprets, and executes SETS user programs. The user writes a
SETS user program specifying the processing to be achieved and submits it, along
with the required data, for execution by SETS. SETS user programs and the
capabilities for symbolically manipulating Boolean equations are described in this
manual.

1.1 History

The impetus for developing SETS stemmed from the need to study the safety ande

reliability of complex systems. Originally, the program was called the Eventpoint
System Analysis Program (ESAP), and it was designed to analyze system logic
through the symbolic manipulation of Boolean equations. A few years after the
development of ESAP began, a new method for studying the behavior of complex
systems was reported. The new method, fault tree analysis, was soon recognized
to be well suited for the kind of processing required in safety and reliability
analysis. It was apparent the ESAP algorithms for manipulating Boolean equations
could be used to manipulate the Boolean equations of a fault tree. The decision
was made to change ESAP to a fault tree analysis program, while retaining the
general Boolean algebra capabilities possessed by the program. With this change
in emphasis, the program was renamed the Set Equation Transformation System
(SETS) (Ref.1), and its use for fault tree analysis was subsequently described
(Ref. 2).

1.2 Applications

Early versions of SETS were being used for system safety analysis when
WASH-1400 (Ref. 3) signaled the beginning of the use of fault trees and event
trees to study nuclear reactor safety. The capabilities of SETS were ideally
suited for both fault tree and event tree analysis. The fault tree analysis
capabilities had already been developed for use in safety studies, and the general
capability to process Boolean equations provided the basis for doing event tree
analysis. Sandia National Laboratories began to conduct reactor safety studies
using SETS to achieve the required analytical processing.

The general nature of SETS, i.e., the capability to manipulate Boolean equations
regardless of their origin, led to the identification of ways to study other aspects
of reactor safety. For example, in vital area analysis (Refs. 4 and 5), fault trees
are used to model reactor hardware failures and Boolean equations are used to
model reactor hardware locations. These models are then combined to identify
the vital areas of the reactor and the reactor site. The effect of common cause
events on reactor safety can also be analyzed using the general equation
manipulation capabilities of SETS (Refs. 6 and 7).

Applications of Probabilistic Risk Analysis (PRA) to analyze reactor safety,
together with applications o vital area analysis and common cause analysis, ledr

to the identification of additional capabilities and improvements for SETS. Over

1



the last few years, the capabilities of SETS have been extended significantly in
these areas. The most recent improvements stemmed from experience gained
from the analyses performed as part of the Interim Reliability Evaluation
Program (IREP) (Ref. 8). The IREP study illuminated certain needs with respect
to extending SETS capabilities, and it also led to the development of improved
methods for using SETS, such as building up large reactor fault trees from
generic, modular fault trees (Ref. 9). The improvements that emerged from IREP
produced a comprehensive method for obtaining and analyzing accident sequences
in a PRA (Ref.10).

The current version of SETS is a flexible and efficient tool for performing PRA,
vital area analysis, and common cause analysis on nuclear reactor plants. In
addition, the equation manipulation capabilities of SETS can also be used to solve
a variety of other problems. The use of SETS to analyze noncoherent fault trees
and determine prime implicants of Boolean functions has been described (Refs.11
and 12). The SETS program can also be used to verify circuit design
implementation (Ref. 13); to determine minimum cost fire protection
requirements for reactor plants (Refs.14 and 15); and to obtain solutions to
combinatorial optimization problems with Boolean constraints (Refs. 16-20).
Also, SETS can be used to determine the susceptibility of a facility to
unauthorized access through nullification of sensors in its protection system
(Ref. 21).

1.3 Usina the Reference Manual

This manual describes SETS user programs and the equation manipulation
capabilities available in SETS. The SETS user language, whose final construction
is a SETS user program, is described in Section 2. In Section 3, the use of the
equation, block and value block files during the execution of SETS user programs
is explained. The procedures that can be invoked in a SETS user program are
described in section 4. The procedure descriptions are very thorough and they
include examples to illustrate various uses of the procedures.

Errors are described in Appendix A. Errors that indicate a malfunction in the
SETS program are called SETS errors; they cause execution of a SETS user
program to be terminated, and they usually cannot be corrected by the user.
SETS user program errors, which indicate mistakes in the SETS user program or
its data, are also described in Appendix A; they can usually be corrected by the
user.

Appendix B shows all of the parameter forms for every procedure. This appendix
may be useful as a quick indicator of procedure capabilities.

Appendix C is a summary description of the algorithm used to factor disjunctive
normal form expressions.

The SETS Reference Manual is two manuals in one. Taken as a whole, it is a
I complete description of SETS user programs and the processing achieved by

procedures called in these programs. However, Sections 2 and 3, together with
the general material in Section 4 and the synopsis and procedure call parts of each
procedure description, constitute an abridged reference manual that may be
suitable for many levels of interest. Appendices A and B would probably also be

,

! useful as part of an abridged reference manual.

2
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2. SETS USER LANGUAGE

The ultimate construction of the SETS user language is a SETS user program. A
SETS user program is comprised of Boolean equation statements and procedure
call statements which are built up from basic elements of the language.

Variables, expressions, and equations in the SETS user language are always
Boolean, and the word " Boolean" is usually omitted when referring to them.

Spaces (or blanks) have no meaning in the SETS user language; nor do they have
meaning in input representations of blocks and value blocks. This means spaces
can be used freely to arrange information in SETS user programs, blocks, and
value blocks for both appearance and readability.

2.1 Character Set

The character set for the SETS user language is comprised of capital letters
(A-Z), decimal digits (0-9), and the following special characters:

= - F* / ( ) $+. ,

where # represents a space or blank.

2.2 Basic Elements

The basic elements of the SETS user language are special characters, key words,
names, numbers, and comments.

2.2.1 Special Characters

Some special characters have more than one use, but the meaning of multiple-use
special characters is obvious from the context in which they occur. For example,
the asterisk (") is an operator in an expression and a separator in thr. parameter
part of a procedure call.

2.2.2 Key Words

Key words are catenations of letters that have a fixed meaning in the language.
For example, GENFTEQN and METHODI are key words. GENFTEQN is the
procedure identifier that begins each call of the Generate Fault Tree Equation
procedure; and METHODI is a parameter in a call of GENFTEQN that specifies a
top-down approach is to be used to find minimal cut sets.

2.2.3 Names

Names identify variables, blocks, value blocks, and SETS user programs. Names
are comprised of from 1 to 16 name characters. Name characters are the capital
letters (A-Z), decimal digits (0-9), and the minus sign (-) used as a hyphen. A
name can begin with any name character. Examples of names are:

A 391 BLK-1-A
MCS-EQNS F T-3- AND-4 -3267-A

3
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2.2.4 Numbers

Numbers are used to assign nonnegative values to variables and specify truncation
values in procedure call statements. Numbers are either basic numbers or basic
numbers with exponents. Basic numbers must be positive or zero. A basic number
is an integer, a decimal fraction, or an integer followed by a decimal fraction. A
basic number has one of the forms

<

i .f 1.f

where i and f represent integer and decimal fraction, respectively. An empty
decimal fraction is not allowed: if the decimal point occurs, f cannot be empty. A
decimal fraction whose value is zero is not empty. For example,9.00 has a zero
decimal fraction; whereas,18. has an empty decimal fraction. The number of
digits in a basic number, d +dr, is restricted as follows:i!

i

d +d $ 14'

i t

Exponents can be either positive or negative. Exponents begin with the letter E
and have one of the forms

| Ej E-j

where j is an integer restricted to the range:

-2795j$308.

(The number of digits in a basic number and the exponent range are for the
implementation of SETS on a CDC CYBER76.) The plus sign (+) cannot occur if
the exponent is positive, and the minus sign (-) must occur if the exponent is
negative. For example,7.0E+2 is an invalid number because there is a plus sign in
the exponent. Examples of numbers are:

82 .00999 3.00
1.75 E-3 6.009E17 173.0 ES

!

2.2.5 Comments'

'

Comments can occur in SETS user programs and input representations of blocks
and value blocks. A comment begins with key word COMMENT followed by a
dollar sign, and it includes the string of characters through the next dollar sign.
Comments are read and discarded as the SETS user program, block, or value block
is read. In SETS user programs and blocks, a comment can follow a period
delimiter (not a decimal point in a number), or another comment. In value blocks,
a comment can follow another comment or the dollar sign at the end of a value,

assignment. Examples of comments are:

COMMENT $ EQUATIONS FOR COMMON CAUSE EVENTS.$
COMMENT $ X, Y, AND Z ARE CONSTANT $

Comments are not described further in this manual, but a few examples in the
manual contain comments to illustrate their use.

4
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2.3 Constants

The constants of the Boolean algebra, one (1) and zero (0), are represented by
OMEGA and / OMEGA, respectively.

2.4 Variables

Variable names can be chosen freely except for OMEGA and / OMEGA which are
reserved for constants.

There are complement and noncomplement variables. Actually, two variables are
complementary or one variable is the complement of another. However, it is
helpful to arbitrarily distinguish between complement and noncomplement
variables so either of these groups of variables can be referenced without having to
identify every variable in the group. Noncomplement variables have the form X,
and complement variables have the form /X. Actually, /X is the unary complement>

operator (NOT) acting on the single variable X, but together the operator and the
variable can be interpreted as a complement variable. Example variables are:

PUMP-FAILS /ON -BUS-A /12-RM-3B
,

2.5 Expressions

Expressions are built up from variables, operators, and parentheses. The operations
of AND, OR, and NOT are represented by special characters ", +, and /,
respectively. Complement expressions are represented by enclosing the expression
in parentheses and preceding the expression with the NOT operator. Expressions
are interpreted from left to right, and the following rule of precedence applies to
operators of the same level:'

,
'

first, NOT (/)

second, AND (")
third, OR (+)

Example expressions are:

/ OMEGA

A*/B"C + B"/C + C"D"E*F

X "(/Y "(X +Z "/(Y "W +/Y "/W) +/Z)+Y)+/X

Expressions are often put into disjunctive normal form. A disjunctive normal form1

is a sum-of-products in which products having complementary variables are
deleted, and remaining products do not contain repeated variables. (Products in a
sum-of-products form are also called terms.) Disjunctive normal forms are
obtained by expanding by the distributive law, P"(Q + R) = P"Q + P"R, and applying
P"/P = / OMEGA, P"/ OMEGA = / OMEGA, P+/ OMEGA = P, and P"P = P to the
result.

Disjunctive normal form expressions are often simplified by deleting subsuming'

terms. (Deleting subsuming terms is the same as applying the identity P + P"Q =
2 s among the variablesi subsumes a term T , if every variable of T iP.) A term T 2

of T g, e.g., if T =A"B"C and T =A*C, then Ti subsumes T -1 2 2

5.

4
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- 2.6 Equations

Equations define equivalence relationships between variables and expressions. The
left side of an equation must be a single, noncomplement variable. Because of this
restriction, an equation can be referred to by its left-side variable. For example,
"the equation for X" refers to the equation that has X as its left-side variable.

The right-side expression of an equation can be any well-formed expressicn, but
there is one restriction. The right-side expression cannot contain either the
left-side variable of the equation or its complement. For example, equation

X=Y"(Z+X)

cannot be used because the right-side expression contains left-side variable X.
The restriction only applies to explicit occurrences of the left-side variable or its
complement. For example, equations,

A=B+C
B=D"/(C+A)

can be used because the right-side expression of the equation for A does not
I contain A or /A, and the right-side expression of the equation for B does not
' contain B or /B. However, substituting either equation into the other, which is

frequently done in SETS, produces an equation whose right-side expression contains
the left-side variable. Anytime an equation is read or created which has an
explicit occurrence of the left-side variable or its complement in the right-side
expression, a SETS user program error occurs (see APPENDIX A, Section 3.3,i

Numbered Errors, error 48). Examples of valid equations are:

X=Y"Z

OUTPUT =lNPUTl+/INPUTl" INPUT 2

A = /(B"(C"(/D+/B)+/C"B)+E)

POWER-ON = OMEGA.
i

2.7 Blocks

! A block is a group of one or more equations that can be referenced by a single
| block name.

A fault tree is a block. When it is necessary to distinguish between fault tree
blocks and other blocks, they are referred to as fault tree blocks and equation
blocks. Often, fault tree blocks are simply called fault trees.

Only block names are needed in SETS user programs. However, input
,

representations of equation blocks and fault trees must also be described because
they can be read by SETS user programs.

;

6
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2.7.1 Equation Blocks

Equation blocks can be created by SETS user programs or they can be read as input
by SETS user programs. The input representation of an equation block is described
in Section 4.2.1, Read Block.

2.7.2 Fault Tree Blocks

A fault tree block contains the intermediate event equations of the fault tree.
However, a fault tree block also contains tables showing how the fault tree is
connected. The fault tree block name and the name of the fault tree are the same.

Fault trees can be created by SETS user programs or they can be read as input by
SETS user programs. The input representation of a fault tree is described in
Section 4.4.1. Read Fault Tree.

2.8 Value Blocks

A value block is a group of one or more variables and their nonnegative values. In
a given value block, each variable has one value. Value blocks specify variable
values used in term value computations (see Section 4.1.6, Compute Term Value,
and Section 4.1.7, Truncate on Term Value).

Only value block names are needed in SETS user programs. However, input
representations of value blocks must also be described because they can be read by
SETS user programs. The input representation of a value block is described in
Section 4.3.1, Read Value Block.

2.9 SETS User Programs

A SETS user program is an algorithm which manipulates Boolean equations
symbolically. A SETS user program consists of a header and one or more
statements.

2.9.1 Header

A SETS user program begins with a header of the for 1:

PROGRAM $ pn.

where pn is the program name chosen by the user.

2.9.2 Statements

There are two kinds of statements in a SETS user program: equation statements
and procedure call statements. Each statement is terminated by a period (.).

2.9.2.1 Equation Statements

Equation statements define equations. An equation statement can be any
well-formed equation (see Section 2.6, Equations).

7
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;

2.9.2.2 Procedure Call Statements

Procedure call statements invoke procedures. A procedure call begins with a
procedure identifier which is usually followed by a parameter part enclosed in
parentheses.

:
A procedure represents a body of processing required to achieve a particular
result. For example, a call of the Print Equation in Disjunctive Normal Form
procedure obtains each specified equation, expands it into disjunctive normal form,
and prints the terms of the equation in the order of an increasing number of
variables per term. The procedures that can be invoked in a SETS user program are
described individually in Section 4. All forms of the procedure call are shown andi

the processing achieved by the procedure is described.'

!

I

i

!

,

i

|

A

.

I 8
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3. WHAT THE USER MUST KNOW TO WRITE SETS USER PROGRAMS

SETS user programs are algorithms which manipulate Boolean equations
symbolically. A SETS user program is comprised of statements that are executed
in the order they occur; there are no conditional, iterative, or transfer statements
in the SETS user language. There are two kinds of statements: equation statements
and procedure call statements. The eser must know what each statement does,
i.e., causes to happen, and how each procedure affects three SETS user program
files. Equation statements and the SETS user program files are described in this
section; procedures are described in Section 4.

3.1 SETS User Proaram Files

The equation file, block file, and value block file, are used to store equations,
blocks, and value blocks, respectively. The block file and value block file can be
saved after the execution of a SETS user program. Saving these files saves blocks
and value blocks produced by one SETS user program so they may be used in
another SETS user program at a later time. The capability to save equations (a
block contains one or more equations) and, to a lesser extent, value blocks for later
use is extremely useful. Problems can be solved using a series of manageable SETS
user programs instead of all at once with one large SETS user program. Also, the
results of a completed analysis can be used to extend the analysis at a later time
without having to duplicate work that has already been done.

A distinction is made between using a file and changing a file. Usina a file means
to obtain a copy of the equation, block, or value block from its respective file;
using a file does not change the file. In the Substitute in Equation procedure, for
example, obtaining an equation from the equation file to begin the substitution
process does not change the equation file. A file is chanced when an equation,
block, or value block is either entered into or deleted from its respective file.

3.1.1 Equation File

Equations are stored in the equation file. Equations are identified and referenced
by their left-side variables. The equation file cannot contain two equations with
the same left-side variable. Whenever an equation to be entered into the equation
file has the same left-side variable as an equation already in the file, the new
equation replaces the existing equation.

The equation file is always empty when the execution of a SETS user program
begins, and it is lost when execution is completed. However, equations in the
equation file can be saved by forming a block that contains them, adding it to the
block file, and saving the block file.

3.1.2 Block File
~ Equation blocks and fault tree blocks are stored in the block file; they are

identified and referenced by their block names. The block file cannot contain two
blocks with the same name. A SETS user program error occurs whenever a block to
be entered into the block file has the same name as a block already in the file (see
APPENDIX A. Section 3.3, Numbered Errors, error 60).

9



The block file can be saved after a SETS user program has been executed. The
block file is saved by placing statements in the job control sequence which assign
the block file (TAPE 4) to a permanent system file. To use a saved block file,
statements are placed in the job control sequence which establish the saved file as
TAPE 4 before execution of the SETS user program begins.

3.1.3 Value E} lock File

Value blocks are stored in the value block file. Value blocks are identified and
referenced by their value block names. The value block file cannot contain two
value blocks with the same name. Whenever a value block to be entered into the
value block file has the same name as a value block already in the file, the values
from the new value block are added to the existing value block. Variables that
occur in both value blocks will have the value from the new value block.

The value block file can be saved after a SETS user program has been executed.
The value block file (TAPE 8) is saved and used in the same way the block file is
saved and used.

3.2 How Statements Affect SETS User Program Files

The equation, block, and value block files change as a SETS user program is
executed. The user must know how each statement affects these files and use this
knowledge when writing a SETS user program.

3.2.1 Equation Statements

What an equation statement does is simple: the equation is entered into the
equation file. The equation is entered into the equation file by a procedure that
the user cannot call. The procedure is called Load Temporary Block (LDTMPBLK)
and it works like the Load Block procedure described in Section 4.2.6, i.e., it enters
the equations from a temporary block into the equation file. (Temporary blocks
are not stored in the block file and they are not available to the user.) Executing
an equation statement is like loading a block having one equation. The printed
output produced by the execution of an equation statement consists of printing the
equation and a terminal message indicating LDTMPBLK has been executed. If no
error has occurred during execution of the SETS user program, the equation is
printed in the form described in Section 4.1.1, Print Equation, and the terminal
message has the forrr

ST ATEMENT EXECUTION REQUIRED n SECONDS FOR LDTMPBLK

where n represents seconds of CPU time. Once an error has occurred, the equation
is not printed and the terminal message has the form:

ST ATEMENT EXECUTION WAS BYPASSED FOR LDTMPBLK

3.2.2 Procedure Call Statements

Procedures are described in Section 4. At the beginning of the section, a general
diagram shows how every procedure interacts with the equation file, block file, and
value block file. Furthermore, the procedures are described in four groups and, at
the beginning of each group, another diagram shows how the procedures in that

10
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group interact with the equation, block, and value block files. Procedure
interaction information presented in Section 4 is summarized here in a way that
corresponds to the four procedure groups in Section 4.

3.2.2.1 Equation Procedures

Equation procedures may enter an equation into the equation file, delete an
equation from the equation file, or print or write an equation that is in the
equation file. Equation procedures never change the block file or the value block
file, nor do they use the block file. The Compute Term Value and Truncate on
Term Value procedures use value blocks from the value block file to compute term
values.

3.2.2.2 Block Procedures

Block procedures, as used here, means equation block procedures since fault tree
procedures are treated as a separate group (see Section 3.2.2.4). Block procedures
may enter a block into the block file, delete a block from the block file, or print
the equations from a block in the block file. Block procedures never use or change
the value block file. The Form Block procedure uses the equation file to obtain
equations to form a block, and the Load Block procedure changes the equation file
by loading, i.e., entering, equations from a block into the equation file.

3.2.2.3 Value Block Procedures

Value block procedures may enter value blocks into the value block file, delete
value blocks from the value block file, or print variables and values from a value
block in the value block file. Value block procedures never use or change the
equation file or block file.

3.2.2.4 Fault Tree Procedurec

Fault tree procedures may enter a fault tree block into the block file. (Fault tree
blocks are deleted and printed t. sing block procedures.) Fault tree procedures do
not use or change the equation file or value block file. (The Generate Fault Tree
Equation procedure produces a SETS user program segment which, when it is
executed, may use all three files and may change the equation file and block file.)

I1
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4. PROCEDURES

Procedures are invoked by procedure call statements. A procedure call begins with
a procedure identifier which is usually followed by a parameter part enclosed in
parentheses. Parameters specify variables, equations, blocks, and salue blocks
either as input to be processed or as names of output created by the procedure.
Some parameters allow the user to control the processing achieved by a procedure;
others, called options, provide a way to modify the results produced by a
procedure. It is important to understand the processing achieved by a procedure,
and how parameters are used to control processing and modify results. It is very
important to understand how each procedure affects the equation file, block file,
and value block file.

Some procedures do not change the equation file, block file, or value block file. If
a procedure changes the equation, block or value block file, it changes only one of
these files and the changes are stated in the procedure description. For example,!

the Reduce Equation procedure creates an equation and . . . " enters it into the
equation file."

Procedures are described in four groups. The procedures in each group are listed
below with their identifiers:

1. Equation Procedures
|

PRTEQN - Print Equation
PRTEQNDNF - Print Equation in Disjunctive Normal Form<

DLTEQN - Delete Equation
SUBINEQN - Substitute in Equation
REDUCEQN - Reduce Equation
COMTRMVAL - Compute Term Value
TRNTRMVAL - Truncate on Term Value
DLTRM - Delete Term
WRTEQNDNF - Write Equation in Disjunctive Normal Form

2. Block Procedures

i RDBLK - Read Block
PRTBLK - Print Block
BLKSTAT - Block Status
DLTBLK - Delete Block
FRMBLK - Form Block
LDBLK - Load Block

t

! 3. Value Block Procedures

RDVALBLK - Read Value Block
PRTVALBLK - Print Value Block
DLTVALBLK - Delete Value Block'

4. Fault Tree Procedures

RDFT - Read Fault Tree
FRMNEWFT - Form New Fault Tree
GENFTEQN - Generate Fault Tree Equation

12
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The interactions of the procedures with the equation file, block file, and value
block file are depicted in the diagram in Figure 4.1. At the beginning of the
descriptions for each group, a diagram showing only the procedures in the group
and the files they interact with is presented. Each of these diagrams is a portion
of the general diagram in Figure 4.1.

/ INPUT [ [ INPUT [
FILE / f FILE f

FRMEWH MMMRDFT
:

_ l _ 1 ,RDVALBLK
4___

RDBLK GENFTEON

BLOCK SETS User EQUATION
'

VALUE
a FILE Program FILE REDUCEON BLOCK
# Segment

| FILE

LDBLK
DLTRMFRMBLK

: I;

DLTBLK PRTEON DLTEON

PRTSLK PRTEONDNF WRTEONDNF

BLKSTAT COMTRMVAL I

PRTVALBLK
,o o m ,o

PRINTER
OUTPUT* INTERFACE FILE

--- AUTOMATIC ACCESS

Figure 4.1 Procedure interactions with the equation file,
block file, and value block file.

Each procedure description consists of five or six sections. If the procedure has
options, the description has six sections; otherwise the section on options is
omitted. The six sections in the order they occur in a description are as follows:

Synopsis
Procedure Call
Processing Achieved
Options
Printed Output
Example ,

,

A procedure description begins with a synopsis comprised of a one-paragraph
description of the procedure and a simple example of its use. The synopsis does not
have a heading, but each remaining section in the description does have a heading.

,

i

1

'
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Procedure Call

In this section, every form of the procedure call is shown. Each parameter is
identified and its purpose is succinctly stated.

The synopsis and procedure call sections of a procedure description constitute an
abridged description of the procedure which may be sufficient for the beginner and
also serves as a quick reference for the experienced user. The remaining sections
of each procedure description are very thorough.

Notation used to define procedure call statements is as follows:

vi - variable name

ei - equation name, i.e., the left-side variable of an equation

t - truncation value (for number of variables)i

/tpi - ei or et i

ft or ft - fault tree block namei

eb or eb - equation block namei

b - block name (fault tree or equation)i

vb - value block namei

O or O - procedure option

ci - computation type
,i

1 - truncation value (for computations)
1

/lqi - ci or ci i

f or f ' - fault tree event name (intermediate or primary)i i

le or lei - fault tree intermediate event name

pe or pei - fault tree primary event name

Also, a character string enclosed by angle brackets ( ) represents any example of
the entity described by the character string. For example, (variable list)

| represents any list of variable names separated by commas.
|

Processino Achieved,

|

| In this section, concepts must often be defined before the processing achieved by
the procedure can be described. When necessary, examples are presented to clarify
the concepts. Once the required concepts are defined, the processing of the
procedure is described, again with clarifying examples if necessary. Parameters
used to control the procedure processing are also described in this section. For

14

- - - _ - . _ _ _ _ _ __- ._, _ _ . . _ , - . . - _ _ _ _ _ _ __ _ _ _ - _ _ _ _ _ _ _



. - ~ . ._ _ - - _ - - - - . --

i

D

!

example, a parameter controls whether the Generate Fault Tree Equation,

procedure uses a top-down or a bottom-up method to obtain minimal cut sets.

|
Options

In this section, options used to modify the results produced by the procedure are
explained. Options are always separated from each other by slashes (/) in
procedure calls that have more than one option.

Printed Output
s

In this section, the printed output produced by the procedure is described. Every
; procedure produces the standard printed output, and it is described here rather

than in each procedure. The standard output consists of a representation of the'

procedure call and a terminal message indicating execution of the procedure is
; finished. The terminal message has the form:
4

STATEMENT EXECUTION REQUIRED n SECONDS FOR (procedure identifier)
i

1 where n represents seconds of CPU time. If the only printed output for a
procedure is the standard output, a statement indicating this fact appears in this
section. Otherwise, printed output in addition to the standard output is described4

in this section. Printed output in addition to the standard output occurs between
the representation of the procedure call and the terminal message.

The terminal message for every procedure executed after an error occurs during
execution of a SETS user program is different than the message shown above.
Once an error has occurred, the terminal message for procedures that do not read
input has the form:

1 STATEMENT EXECUTION WAS BYPASSED FOR (procedure identifier)

For procedures that read input, the terminal message after an error has occurred
| has the form:

STATEMENT EXECUTION WAS BYPASSED FOR (procedure identifier)
EXCEPT FOR READING AND CHECKING THE INPUT,

Example

In this section, a SETS user program is presented which shows the main uses of the
i procedure and the printed output produced by the procedure,

i

4

;

i
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4.1 Equation Procedures

Procedures that process equations do not use or change the block file. Interactions
between equation procedures and the equation file and value block file are shown in
Figure 4.2.

TRNTRMVAL
I

: g-

SUBINEON
I

:

EOUATION VALUE
FILE REDUCEON BLOCK

| FILE

DLTRM
'

:

PATEON DLTEON'

PRTEONDNF WRTEONDNF

COMTRMVAL _ _ _ _ _,,,,j

, o

PRINTER
OUTPUT * INTERFACE FILE

---- AUTOMATIC ACCE=S

Figure 4.2 Interactions of equation procedures with the
equation file and value block file.

Five of the nine procedures used to process equations change the equation file.
Procedures SUBINEQN, REDUCEQN, TRNTRMVAL, and DLTRM create a new
equation and enter it into the equation file. If the equation file already contains an
equation having the same left-side variable as a new equation, the new equation:
replaces the existing equation. Otherwise, the new equation is added to the
equation file. Procedure DLTEQN deletes equations from the equation file.

Procedures PRTEQN and PRTEQNDNF print equations from the equation file.
Procedure COMTRMVAL computes term values for equations in the equation file
and prints terms and term values. Procedure WRTEQNDNF writes equations from
the equation file to an interface file used by other programs (Refs. 22 and 23).

Procedures COMTRMVAL and TRNTRMVAL use value blocks, but they do not
change the value block file.

|
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PRTEQN

4.1.1 Print Equation

The Print Equation procedure is used to print equations in the equation file. This
procedure prints the right-side expression of an equation in a factored form. For
example, suppose the equation file contains the equation

- A =B"(C+D"(E +F)).

Execution of procedure call statement4

i PRTEQN (A)

prints the equation for A in the factored form

A = B * ( C + D " ( E + F ) ).
I 2 21

Procedure Call

A cali of the Print Equation procedure has the form:
'

PRTE'QN (ei,e2 .e )-n

Parameters, ei, i=1,2,...,n, specify equations to be printed.

Processino Achieved

Does not apply.

Printed Output

If the equation file does not contain an equation for parameter ei, the message

THERE IS NO EQUATION FOR el;

1

is printed and processing of the parameters continues. If the equation file contains
an equation for parameter ei, the equation is printed.

Right-side expressions are printed in the factored form that they have in the
equation file. If an expression contains parentheses, an integer is printed below
each parenthesis when the equation is printed. These integers are printed to aid in
the interpretation of complex equations. The integer printed below a parenthesis is
one greater than the number of pairs of parentheses which surround the
parenthesis. Integer 1 is printed below the left and the right parenthesis of each
outermost pair of parentheses, integer 2 is printed below the left and the right
parenthesis of each pair of parentheses surrounded only by an outermost set of
parentheses, etc. Paired parentheses have the same number.,

In a printed equation, the operations of AND, OR, and NOT are represented by ", +,
and /, respectively.

|

!
|

|
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PRTEQN

Example

Consider SETS user program:

PROGRAMS PRTEQN EX.

EQN-1=/(/X1+X2*01EGA)*(X3+/X1+X4*
(X1+X5*(X2+/X3))).

PRTEQN (X4, X6, EQN 1).

The equation file is empty when execution of PRTEQN-EX begina. The first
statement in the SETS user program is an equation statement that enters an
equation for EQN-1 into the equation file. Then, a PRTEQN call shows the
equation file does not contain an equation for either X4 or X6 and prints a factored
form of the equation for EQN-1. (The distinction between X4 and X6 is X4 appears
as a variable in the equation for EQN-1 and X6 does not appear in an equation.)
The printed output produced by these two statements is as follows:

EQN-1 = /( /X1 + X2 * OMEGA ) * ( X3 + /X1 + X4 * ( X1 +
1 1 1 2

X5 * ( X2 + /X3 ) ) )'
i

3 321
,

STATEMENT EXECUTION REQUIRED .005 SECONDS FOR LDTMPBLK
'

!

PRTEQN (X4, X6, EQN-1).

THERE IS NO EQUATION FOR X4

i THERE IS NO EQUATION FOR X6

EQN 1 = /( /X1 + X2 * OpiEGA ) * ( X3 + /X1 + X4 * ( X1 +
1 1 1 2

X5 * ( X2 + /X3 ) ) )
3 321

STATEMENT EXECUTION REQUIRED .004 SECONDS FOR PRTEQN

4

I

1

*

-s

|

A %
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PRTEQNDNF

,

4.1.2 Print Equation in Disjunctive Normal Form

The Print Equation in Disjunctive Normal Fo' m procedure is used to print equationsr

in the equation file. This procedure prints the right-side expression of an equation
in a disjunctive normal form. For example, suppose the equation file contains the
equation

t
A=B"(C+D"(E+F)).

Execution of procedure call statement
f

i PRTEQNDNF (A)

prints the equation for A in the disjunctive normal form:

TERM NUMBER OF
NUMBER VARIABLES

A=
I

I 2 B"C+

2 3 B"D"E+
1

3 3 B"D"F

Procedure Call

A call of the Print Equation in Disjunctive Normal Form procedure has the form:
,

'

PRTEQNDNF (pi,p2 .Pn)-

Parameters, pi, i=1,2,....n, specify the equations to be printed. Each pi s either eii
/tor et i which contains left-side variable ei and truncation value t , if ti isipresent. Truncation value t must be an integer.i

Processina Achieved

The right-side expression of an equation in the equation file is in a factored form.
DeMorgan's rules must be applied to the expression and it must be expanded by the
distributive law to obtain a disjunctive normal form of the right-side expression for
printing. Occurrences of the constants OMEGA and / OMEGA must be eliminated
by simplification; terms that contain complementary variables must be deleted;
and all except one occurrence of a repeated variable in a term must be deleted.
Also, if truncation value t is specified, terms having more than t variables musti i
be identified and deleted. All of this processing is referred to as expansion.

The expansion of an expression to obtain a disjunctive normal form for printing is
the same expansion that begins the process of reducing an expression to a simpler
form in the Reduce Equation procedure. The processing achieved by expansion is
described in detail in Section 4.1.5, Reduce Equation.

t
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PRTEQNDNF

Printed Output

If the equation file does not contain an equation for left-side variable ej contained
in parameter pi, the message

THERE IS NO EQUATION FOR ei

is printed and processing of the parameters continues. If the equation file contains
an equation for ei, the equation is printed.

There are three parts to the printed output associated with printing a disjunctive
normal form of an equation. There is the output associated with changing the
factored form of the right-side expression of the equation into a disjunctive normai
form; there is a Variable Occurrence Table that contains information about the
variables in the printed equation; and there is the printed equation.

The printed output associated with changing the right-side expression into a
disjunctive normal form can begin with the warning:

SUBSUMING TERMS MAY OCCUR IN THE
EQUATION FOR ei

The warning occurs if the equation for ei was not created by a call of REDUCEQN,
TRNTRMVAL, or DLTRM. It means that, even though the right-side expression of,

!

the equation may not contain subsuming terms, the absence of subsuming terms in
the right-side expression has not been ensured by the execution of one of these
procedures in a SETS user program.

The next part of the printed output associated with changing the right-side
expression into a disjunctive normal form is the printed output produced by
expansion. A detailed description of this output appears in Section 4.1.5, Reduce
Equation, and a summary description of it is presented here.

The printed output produced by expansion begins with a message indicating the
maximum number of terms that can be generated by expansion. The messages in
the remainder of the output show a breakdown of the terms generated with respect
to the number of variables per term, the total number of terms generated, and the
time required for expansion. For example, expansion of the expression

B"(C+D"(E+F))

produces the printed output

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 3.

TERMS GENERATED BY EXPANSION
i TERMS CONTAIN 2 VARIABLES
2 TERMS CONT AIN 3 VARIABLES

TOTAL TERMS GENERATED 3.

EXPANSION TOOK .007 SECONDS.

20
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PRTEGNDNF

Terms that contain complementary variables and terms having more than tg
variables, if ti is specified, are identified and deleted during expansion. If all of
the terms of the expression are deleted, the expression is / OMEGA and the
breakdown of terms with respect to the number of variables per term is replaced
by the message:

THE EXPRESSION IS / OMEGA

If any terms are deleted because of truncation value t , the messagei

THERE WERE TERMS DELETED BECAUSE OF
. THE TRUNCATION VALUE OF ti

is printed after the message for the total number of terms generated.
<

A Variable Occurrence Table is printed preceding each equation printed. All and
only the variables that occur in the terms of the printed equation are listed in the
table. If any terms are deleted during expansion, some variables that occur in the
equation for ej may not appear in the table because they do not occur in the terms
produced by expansion. The number of times that each variable occurs in the
printed equation is printed with the variable in the table. Since all occurrences of,

: a repeated variable in a term except one have been deleted, the number of times a
variable occurs is the number of terms which contain the variable. A message
indicating the number of different variables that occur in the terms of the printed

j equation is printed at the end of the table.

After the Variable Occurrence Table has been printed, the remaining terms of the
equation are printed in a disjunctive normal form. Each term is numbered and the
terms are printed according to an increasing number of variables per term.

i The operations of AND, OR, and NOT are represented in the printed equation by ",
+, and /, respectively.

Example

Consider SETS user program:

PROGRAMS PRTECNDNF-EX.#

EQN 1=/(/X1+X2'0MEGA)*(X3+/X1+X4*
(X1+X5*(X2+/X3))).

PRTEQNDNF (X1, EQN-1, EQN 1/3, EQN 1/2).

The equation file is empty when execution of PRTEQNDNF-EX begins. The first
statement in the SETS user program is an equation statement that enters an
equation for EQN-1 into the equation file. Then, a call of PRTEQNDNF shows the
equation file does not contain an equation for XI: prints all of the terms of the
equation for EQN-1; prints the terms of the equation for EQN-1 that contain 3 or
fewer variables; and, shows the equation for EQN-1 does not contain any terms
that have 2 or fewer variables. The printed output produced by the equation
statement and the printed output produced by the PRTEQNDNF call through the
processing of parameter XI is as follows:

i

<
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PRTEQNDNF

EQN-1 = /( /X1 + X2 * OMEGA ) * ( X3 + /X1 + X4 * ( X1 +
1 1 1 2

X5 * ( X2 + /X3 ) ) )
3 321

STATEMENT EXECUTION REQUIRED .004 SECONDS FOR LDTMPBLK

PRTEQNDNF (x1, EQN-1, EON-1/ 3, EQN 1/ 2).

THERE IS NO EQUATION FOR x1

The printed output produced by the PRTEQNDNF call for parameter EQN-1 is as
follovvs:

SUBSUMING TERMS MAY OCCUR IN THE
EQUATION FOR EON 1

THE MAXIMUM NUMBER OF TERHS THAT CAN BE
GENERATED BY EXPANSION IS 5.

TERMS GENERATED BY EXPANSION
2 TERMS CONTAIN 3 VARIABLES
1 TERMS CONTAIN 5 VARIABLES

TOTAL TERMS GENERATED 3.
EXPANSION TOOK .007 SECONDS.

* * * * VARIABLE OCCURRENCE TABLE * * * *

NONCOMPLEMENT NUMBER OF COMPLEMENT NUMBER OF

VARIABLE OCCURRENCES VARIABLE OCCURRENCES

x1 3
/x2 3

X3 1 /x3 1

x4 2

X5 1

THERE ARE 6 DIFFERENT VARIABLES IN THE
EQUATION FOR EON 1

TERM NUMBER OF
NUMBER VARIABLES

EQN 1 =

1 3 x1 * X3 * /X2 +

2 3 XI * X4 * /x2 +

3 5 X1 * X4 * X5 * /x2 * /x3

22
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PRTEQNDNF

The printed output produced by the PRTEQNDNF call for parameter EQN-1/3 is as
follows:

SUBSUMING TERMS MAY OCCUR IN THE.

EQUATION FOR EQN-1

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 5.

TERMS GENERATED BY EXPANSION
2 TERMS CONTAIN 3 VARIABLES

TOTAL TERMS GENERATED 2.

THERE WERE TERMS DELETED BECAUSE OF
THE TRUNCATION VALUE OF 3

EXPANSION TOOK .005 SECONDS.

* * * * VARIABLE OCCURRENCE TABLE * * * *

NONCOMPLEMENT NUMBER OF COMPLEMENT NUMBER OF
VARIABLE OCCURRENCES VARIABLE OCCURRENCES

X1 2

/X2 2
X3 1

X4 1

THERE ARE 4 DIFFERENT VARIABLES IN THE
TRUNCATED EQUATION FOR EQN-1

TERM NUMBER OF
NUMBER VARIABLES

EQN 1/3 =

1 3 X1 * X3 * /X2 +

2 ~ 3 X1 * X4 * /X2

The printed output produced by the PRTEQNDNF call for parameter EQN-1/2 is as
follows:

SUBSUMING TERMS MAY OCCUR IN THE
EQUATION FOR EQN-1

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 5.

|
TERMS GENERATED BY EXPANSION i

'

THE EXPRESSION IS /0MEGA
TOTAL TERMS GENERATED 1.

THERE WERE TERMS DELETED BECAUSE OF
THE TRUNCATION VALUE OF 2

EXPANSION TOOK .003 SECONDS.

STATEMENT EXECUTION REQUIRED .034 SECONDS FOR PRTEQNDNF
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DLTEQN

4.1.3 Delete Equation

The Delete Equation procedure is used to delete equations from the equation file.
For example, suppose the equation file contains the equation

A=B"(C+D"(E+F)).

Execution of procedure call statement

DLTEQN (A)

deletes the equation for A from the equation file.

Procedure Call

A call of the Delete Equation procedure has one of the forms:

a. DLTEQN.

b. DLTEQN (eg,e2,....e )-n

Parameters, ei, i=1,2,....n, specify equations to be deleted from the equation file.

Processino Achieved

The specified equations are deleted from the equation file. If the parameter part
of the DLTEQN call is empty (form a), every equation is deleted from the equation
file; but if the parameter part is not empty (form b), only the equations for the
parameters in the call are deleted from the equation file.

If the equation file does not contain an equation for parameter ei, the equation file
is not changed. The result is the same as if the parameter had not occurred in the
DLTEQN call.

Printed Output

A DLTEQN call produces only the standard printed output for a procedure call
statement.

Example

Consider SETS user program:

PROGRAM $ DLTEQN EX.

XI = X2 + /X2*X3.
X2 = X3*C1.
X3 = C2 + C1*C3.
PRTEQN (X1, X2, X3).
DLTEQN (X2).
PRTEQN (X1, X2, X3).
DLTEQN.
PRTEQN (X1, X2, X3).

25
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The equation file is empty when execution of DLTEQN-EX begins. The first three
statements in the SETS user program are equation statements that enter equations
for XI, X2, and X3 into the equation file. Then, a PRTEQN call shows these three.
equations are in the equation file. The printed output produced by the PRTEQN
call is as follows:

1

PRTEQN (X1, X2, X3).
!

X1 = X2 + /X2 * X3

X2 = X3 * C1

1
i X3 = C2 + C1 * C3

STATEMENT EXECUTION REQUIRED .005 SECONDS FOR PRTEQN

The next statement in the SETS user program is a DLTEQN call which deletes only
the equation for X2 from the equation file. Then, a PRTEQN call shows X2 has
been deleted from the equation file. The printed output produced by these two
procedures is as follows:

DLTEQN (X2).

STATEMENT EXECUTION REQUIRED .001 SECONDS FOR DLTEQN

A

)
PRTEQN (X1, X2, X3).

X1 = X2 + /X2 * X3

THERE IS NO EQUATION FOR X2

X3 = C2 + C1 * C3

STATEMENT EXECUTION REQUIRED .004 SECONDS FOR PRTEQN

' The next statement in the SETS user program is a DLTEQN call without
parameters which deletes every equation from the equation file. Then, a PRTEQN'

call shows all equations have been deleted from the equation file. The printed
output produced by these two procedures is as follows:

.

DLTEQN.

STATEMENT EXECUTION REQUIRED .001 SECONDS FOR DLTEQN

PRTEQN (X1, X2, X3).

THERE IS NO EQUATION FOR XI

THERE IS NO EQUATION FOR X2i

i

THERE IS NO EQUATION FOR X3

STATEMENT EXECUTION REQUIRED .002 SECONDS FOR PRTEQN

!

!
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,

t 4.1.4 Substitute in Equation

The Substitute in Equation procedure is used to create a new equation and enter it
into the equation file. The right-side expression for the new equation begins as a
single variable that occurs as a parameter in the proced tre call and is built up by
substituting equals for equals using the equations in the equation file. The
left-side variable for the new equation occurs as a parameter in the procedure'

call. For example, suppose the equation file contains the equations

A=B+E
B=C"D
C=D+E.

Execution of procedure call statement

SUBINEQN (A, F)

creates the equation

F=(((D+E)"D)+E)

and enters it into the equation file. The right-side expression for the created
equation is built up from variable A by substitutions beginning with the substitution
of (B+E) for variable A; continuing with the substitution of (C"D) for variable B;
and concluding with the substitution of (D+E) for variable C. The left-side variable
for the created equation is F.

Procedure Call

A call of the Substitute in Equation procedure has one of the forms:

a. SUBINEQN (et, e2)-<

b. SUBINEQN (eg, e2* 0 /0 /.../Om)-1 2

Parameters et and e2 are required in both forms of the procedure call. Parameter
et is the variable that is used to start the substitutions that form the right-side4

expression for the new equation. Parameter e2 is the left-side variable for the
new equation. Parameters et and e2 can be the same variable..

Options, Oj, j=1,2,....m. specify different ways to arrest the substitutions prior to
their normal completion. If two or more options occur in a SUBINEQN call, they
are separated from each other by slashes (/). The constant OMEGA cannot occur in
an option in a SUBINEQN call.

Processina Achieved

if the equation file does not contain an equation for parameter et, an equation is
not created and the equation file is not changed; but if the equation file contains
an equation for eg, an equation is created and entered into the equation file.
Parameter e2 is the left-side variable for the new equation. The right-side

!
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.

expression begins as variable e1 and is built up by substitutions using equations in
The equation for e2 s entered into the equation file after theithe equation file.

substitutions that form its right-side expression have been completed. Thus, if et
and e2 are the same variable, the equation for e2 replaces the equation for el in4

the equation file that was used to start the substitutions.
.

The right-side expression for the new equation begins as the single variable eg
which is the first parameter in the SUBINEQN call. Then, every variable in the

.

new expression that has an equation in the equation file is replaced in the new
j expression by its equivalent right-side expression from the equation file. (Every

right-side expression that is substituted into the new expression is first enclosed in
', parentheses to ensure that the logic of the expression is preserved.) By continuing

to make such substitutions for every variable in the new expression, including4

! variables introduced by previous substitutions, the new expression will ultimately
contain only variables that do not have an equation in the equation file.

For example, suppose the equation file contains the equations,

I
'

' XI=X7"X3 .

'

! X2=X4"C
' X3=X6*(XS+C)

X4=F"(X S +X2)
' X5=X7"F
s X6=D+E
i X7=A+B
:

and that an expression is to be built up by substitutions beginning with the,

expression
,

XI. (4-1)
.

] Substitution of the right-side expression of the equation for XI into Exp. 4-1
j produces the expression
:

) (X7"X3). (4-2)

Substitution of the right-side expressions of the equations for X7 and X3 into Exp.
j 4-2 produces the expression

] (( A +B)"(X6 *(XS+C))). (4-3)

Substitution of the right-side expressions of the equations for X5 and X6 into Exp.
|

4-3 produces the expression
,

(( A +B)"((D +E)"((X 7"F)+C))). (4-4)

Finally, substitution of the right-side expression of the equation for X7 into Exp.
4-4 produces the expression

(( A +B)"((D +E)"(((A + B)"F)+C))). (4-5)

The final expression, Exp. 4-5, was built up by substitutions that began with the

i
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substitution for variable XI and continued until none of the variables in Exp. 4-5
has an equation in the equation file. Thus, the author of a SETS user program must
know the contents of the equation file when a SUBINEQN call occurs in order to
know the result of the substitutions.

The substitution of the right-side expression of an equation for its left-side
variable can initiate an unending sequence of substitutions. Suppose an expression
is to be built up by substitutions beginning with the expression

X4. (4-6)

; Substitution of the right-side expression of the equation for X4 into Exp. 4-6
produces the expression

(F"(X 5 +X2)). (4-7),

Substitution of the right-side expressions of the equations for X2 and XS into Exp.
4-7 produces the expression

r

(F"((X7"F)+(X4"C))) (4-8)

which contains the variable X4. In this example, substitution for the variable X4
initiates an unending sequence of substitutions.

'

Equations that would produce an unending sequence of substitutions can remain
undetected in the equation file. If a sequence of substitutions including these
equations is never initiated, the unending sequence of substitutions will not be
discovered. However, if a sequence of substitutions including these equations is
initiated, the unending sequence of substitutions will be detected and a SETS user
program error will occur (see APPENDIX A, Section 3.3, Numbered Errors, error
48). The first example, which began with the substitution for XI and produced Exp.
4-5, did not encounter the equations for either X2 or X4 and the unending sequence
of substitutions involving these equations was not detected. The second example,
which began with the substitution for X4 and produced Exp. 4-8, resulted in the
detection of the unending sequence of substitutions and would have caused the
SETS user program error to occur.

Options

if the SUBINEQN call contains options (form b), variables in the expression bulit up
by substitutions may not be replaced by their 'right-side expressions from the

: equation file, or they may be replaced by OMEGA or / OMEGA instead of their
'

right-side expressions.

The options that can occur in a SUBINEQN call are the stop option, the omega
option, and the phl option. Any combination of these options can occur in a
SUBINEQN call, and they can occur in any order. Moreover, a SUBINEQN call can
contain two or more occurrences of the same kind of option, e.g., two stop
options. The effect, however, is the same as if all of the separate options of the
same kind had been collected into a single option of that kind.

,
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A variable cannot occur more than once in all of the options in a call of
SUBINEQN. The constant OMEGA cannot occur in any option in a call of
SUBINEQN.

A stop option has the form:

STOP$ v1,v2. .Vr

A stop option identifies variables that are not replaced by their right-side
expressions from the equation file as the right-side expression of the new equation
is built up by substitutions. Every occurrence of each vi, i=1,2,... r, in the

expression being built up by substitutions remains in the expression as a variable.
If a variable does not have an equation in the equation file, its occurrence in a stop
option has no effect. If a variable has an equation in the equation file, its
occurrence in a stop option does not affect its equation in the equation file.

An omega option has the form:

OMEGA $ vt,v2. Vr

An omega option in a SUBINEQN call identifies variables that are replaced by the
constant OMEGA as the right-side expression of the new equation is built up by
substitutions. Every occurrence of each vi, i=1,2,....r, in the expression being built
up by substitutions is replaced in the expression by the constant OMEGA. If a
variable has an equation in the equation file, its occurrence in an omega option
does not affect its equation in the equation file.

A phi option has the form:

PHl$ v1,v2,...,vr

A phi option in a SUBINEQN call identifies variables that are replaced by the
constant / OMEGA as the right-side expression of the new equation is built up by
substitutions. Every occurrence of each vi, i=1,2,....r in the expression being built
up by substitutions is replaced in the expression by the constant / OMEGA. If a
variable has an equation in the equation file, its occurrence in a phi option does not
affect its equation in the equation file.

Printed Output

i
If the equation file does not contain an equation for e1, the message

THERE IS NO EQUATION FOR eg

is printed, and execution of the SUBINEQN call is terminated. Otherwise, a
SUBINEQN call produces only the standard printed output for a procedure call
statement.

|
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Example

Consider SETS user program:

PROGRAMS SUBINEQN EX.
21 = 22 + /22*23.
Z2 = 25 + K2.
Z3 = 25 + 26*(K1 + K3).
24 = Z3*K3.
25 = K1 + K5.
26 = K2*K4*Z5.
SUBINEQN (No EQN, NEW EON).
PRTEQN (NEW EQN).
SUBINEQN (21, Z1 SUB).
PRTEGN (21 SUB).
SUBINEQN (21, 21-STOP* STOPS 22, K2, 26).
PRTEQN (Z1-STOP).
PRTEQN (Z1).
SUSINEQN (21, 21* OMEGAS 26/ PHIS 22, K1).
PRTEQN (Z1).

The equation file is empty when execution of SUBINEQN-EX begins. The first six
statements in the SETS user program are equation statements that enter equations
for Zl, Z2, Z3. Z4, Z5, and Z6 into the equation file. Then, a SUBINEQN call shows
the equation file does not contain an equation for NO-EQN, and the following
PRTEQN call shows that the SUBINEQN call did not create an equation for
NEW-EGN. The printed output produced by the two procedure calls is as follows:

SUBINEQN (No EON, NEW-EQN).

THERE IS NO EQUATION FOR NO EQN

STATEMENT EXECUTION REQUIRED .001 SECONDS FOR SUBINEQN

PRTEQN (NEW EQN).

THERE IS NO EQUATION FOR NEW EQN

STATEMEhi EXECUTION REQUIRED .002 SECONDS FOR PRTEQN

The next statement in the SETS user program is a SUBINEQN call that creates an
equation for Zl-SUB. This call does not contain any options. The substitutions
begin with the substitution for variable Z1 and continue until no further
substitutions can be made. After the substitutions are complete, an equation for
Zl-SUB is created and added to the equation file. Then, a PRTEQN call prints the
equation for Zl-SUB and shows that it has been added to the equation file. The
printed output produced by these two procedures is as follows:

SUBINEON (Z1, 21 SUB).

STATEMENT EXECUTION REQUIRED .003 SECONDS FOR SUBINEON

PRTEQN (21 SUB).

21 SUB = ( ( ( K1 + KS ) + K2 ) + /( ( K1 + K5 ) + K2 ) * ( (
123 3 2 23 3 2 23

K1 + K5 ) + ( K2 * K4 * ( K1 + K5 ) ) * ( K1 + K3 ) ) )
3 3 4 43 3 321

STATEMENT EXECUTION REQUIRED .004 SECONDS FOR PRTEQN
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The next statement in the SETS user program is a SUBINEQN call that ' creates an
equation for Zl-STOP. This call contains a stop option that stops the substitutions
for variables Z2, K2, and Z6. Thus, Z2, K2, and Z6 remain as variables in the
right-side expression of the new equation, while all other substitutions continue

i until no further substitutions can be made. (The equation created for Z1-STOP is
the same whether or not K2 occurs in the stop option because K2 does not have an
equation in the equation file.) After the substitutions are complete, an equation
for Zl-STOP is created and added to the equation file. Then, a PRTEQN call
prints the equation for Zl-STOP and shows that it has been added to the equation

j file. The printed output produced by these two procedures is as follows:
1

SUSINEQN (21, 21 STOP* STOPS Z2, K2, 26).

STATEMENT EXECUTION REQUIRED .003 SECONDS FOR SUBINEQN

!

PRTEQN (Z1*STOP).
4

21 STOP = ( Z2 + /Z2 * ( ( K1 + K5 ) + 26 * ( K1 + K3 ) ) )
,
'

1 23 3 3 321

j STATEMENT EXECUTION REQUIRED .003 SECONDS FOR PRTEQN

The next statement in the SEls user program is a PR1EQN call that prints the
equation for Z1 prior to the SUBINEQN call that redefines this equation. The
SUBINEON call that creates an equation for Z1 contains both an omega and a phi
option. The omega option causes occurrences of Z6 to be replaced by OMEGA, and
the phi option causes occurrences of Z2 and K1 to be replaced by / OMEGA. All
other substitutions continue until no further substitutions can be made. After the
substitutions are complete, an equation for Z1 is created which replaces the
equation for 21 in the equation file. Then, a PRTEQN call prints the equation for
Z1 and shows the equation for Z1 created by the SUBINEQN call has replaced the.

original equation for Z1 in the equation file. The printed output produced by these;
' three procedures is as follows:

PRTEQN (Z1).

| Z1 = Z2 + /Z2 * Z3

\
'

STATEMENT EXECUTION REQUIRED .002 SECONDS FOR PRTEQN

i

SUBINEQN (Z1, Z1* OMEGA $ 26/ PHIS Z2, K1).

STATEMENT EXECUTION REQUIRED .003 SECONDS FOR SUBINEQN

{ PRTEQN (21).

Z1 = ( /0MEGA + OMEGA * ( ( /0MEGA + K5 ) + OMEGA * ('

1 23 3 3

.
/0MEGA + K3 ) ) )

' - 321
|

i STATEMENT EXECUTION REQUIRED .003 SECONDS FOR PRTEQN

f

,

I
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4.1.5 Reduce Equation

The Reduce Equation procedure is used to create a new equation and enter it into
the equation file. A parameter in the procedure call specifies an equation in the
equation file that is used to generate the new equation. A copy of the right-side
expression from the equation in the equation file is expanded, simplified, and

! factored to produce the right-side expression for the new equation. The left-side
| variable for the new equation appears as a parameter in the procedure call. For
! example, suppose the equation file contains the equation

A =B"(C "(D +E)+ B"D +E).

Execution of procedure call statement

REDUCEQN (A, F)

creates the equation

F =B"(D + E)

and enters it into the equation file. A copy of the expression for A is expanded by
the distributive law to obtain four terms B"C"D, B"C"E, B"B"D, and B"E. Identity
P"P = P is used to delete one occurrence of variable B from term B"B"D and
produce a disjunctive normal form of the expression for A,

B"C"D + B"C"E + B"D + B"E.

The expression is simplified by deleting terms B"C"D and B"C"E because they
subsume terms B"D and B"E, respectively. Remaining terms, B"D and B"E, are
factored to obtain the right-side expression for the new equation. The left-side
variable for the new equation is F.

Procedure Call

A call of the Reduce Equation procedure has one of the forms:

a. REDUCEQN (pg, e2)-

b. REDUCEQN (pg, e2" O /0 /.../Om)-1 2

Parameters pg and e2 are required in both forms of the procedure call. Parameter
pg specifies the equation in the equation file that is used to generate the right-side
expression for the new equation. Parameter pg is either ei or eg/tg which contains
left-side variable et and truncation value tg. If ti is present. Truncation value tg
must be an integer. Parameter e2 s the left-side variable for the new equation.i
Variable og contained in parameter pg can be the same variable as parameter e2-

Options, O j=1,2,... m. specify different ways to affect the reduction of an
expression j,if two or more options occur in a REDUCEQN call, they are separated
from each other by slashes (/). The constant OMEGA cannot occur in any option in
a REDUCEQN call.
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Processina Achieved |

If the equation file does not contain an equation for variable et contained in
'

,

parameter pg, an equation is not created and the equation file is not changed; but
if there is an equation for el in the equation file, a new equation is created and
entered into the equation file. Parameter e2 s the left-side variable for the newi
equation. The right-side expression for the new equation is produced by reducing a
copy of the right-side expression of the equation for ei. The equation for e2 si
entered into the equation file after reduction of the expression for et has been
completed. If et and e2 are the same variable, the equation for e2 replaces the
equation for et that was used to generate the new equation.

The reduction of a copy of the expression for eg is achieved in three steps:
Expansion, Simplification, and Factorization. The processing accomplished by each
of these steps is summarized as follows:

1. Expansion

a. Apply DeMorgan's rules to the factored expression.
,

b. Apply the identitles P+0MEGA = OMEGA, P" OMEGA = P, P"/ OMEGA =
/ OMEGA, and P+/ OMEGA = P to the factored expression produced by
step la.

c. Expand the factored expression produced by step lb by the distributive
law and apply the identities P"/P = / OMEGA, P"/ OMEGA = / OMEGA,
P+/ OMEGA = P, and P"P = P to obtain a disjunctive normal form of the
expression.

2. Simplification

Apply the identity P + P"Q = P to the disjunctive normal form expression
produced by expansion.

3. Factorization

Factor the disjunctive normal form of the expression produced by
simplification to create a factored form of the expression.

In the last part of expansion (step Ic), terms may be duleted from the expression
due to truncation value tg, and variables may be deleted from terms in the
expression due to delete complement or delete noncomplement options (see this
procedure, Options). If no term or variable is deleted, the disjunctive normal form
of the expression produced by step Ic of expansion is equivalent to the factored'

form of the expression produced by step lb of expansion, i.e., the expression used
to begin step Ic. However, if any terms or variables are deleted, the expression
produced by step Ic is usually not equivalent to the expression at the beginning of '

|

step ic. The expression produced by the other parts of expansion (steps la and Ib)
and by the simplification and factorization steps is always equivalent to the
expression at the beginning of that part or step. Equivalence, if it is lost at all, is
lost in step ic of expansion.
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,

The remainder of the description of the processing achieved by the REDUCEQN
procedure is divided into three sections corresponding to the three steps in the
reduction process. The example expression

.

B"(/C + D "(E + F "G)+ B "E " H)+1 "(E */(/D "(/H + C )"O ME G A) +(/C + C "/I)) (4-9)

is used to show the effect of the processing described in each section.
l

EXPANSION

| In the first part of expansion (step la). DeMorgan's rules are applied to a factored
expression to produce an equivalent factored expression wherein all remainingI

complement operators apply to single variables or constants. After the application
of DeMorgan's rules, every variable in the expression can be recognized as a
complement or a noncomplement variable. This distinction is maintained'

throughout the remainder of the reduction process, and it is a distinction that is
used by some of the options that can occur in a REDUCEQN call.

Consider the effect of step la of expansion on Exp. 4-9. DeMorgan's rules are
applied to eliminate the one complement operator in the expression that is not
applied to a single variable. The subexpression

/(/D"(/H+C)" OMEGA)

is changed by DeMorgan's rules into the subexpression

(D+(H"/C)+/ OMEGA)

which produces the factored expression

B"(/C + D "(E + F "G)+ B"E"H)+1"(E "(D +(H"/C) +/OME G A) +(/C + C"/I)). (4-10)

In the second part of expansion (step lb), the identitles P+0MEGA = OMEGA,
P" OMEGA = P. P"/ OMEGA = / OMEGA, and P+/ OMEGA = P are applied repeatedly
to the factored expression produced by step la until an equivalent factored
expression that does not contain any occurrences of the constants OMEGA or
/ OMEGA is obtained. The identitles must be applied repeatedly because two of
them, P+ OMEGA = OMEGA and P"/ OMEGA = / OMEGA, introduce occurrences of
the constants OMEGA and / OMEGA which must also be eliminated.

If the expression is reduced to OMEGA or / OMEGA by step lb, the remainder of
the reduction process is bypassed and the right-side expression of the new equation
is OMEGA or / OMEGA, respectively.

If the expression is not reduced to OMEGA or / OMEGA by step lb, the maximum
number of terms that can be generated by the last part of expansion (step Ic) is
known. This number is determined after the identitles of step lb have been
applied, and is printed as part of the printed output for expansion (see this
procedure, Printed Output).
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Consider the effect of step lb of expansion on Exp. 4-10. The identity
P+/ OMEGA = P is applied to remove the constant / OMEGA and produce the )

} factored expression

B"(/C + D "(E + F "G)+ B*E "H)+I"(E"(D +(H"/C))+(/C + C"/I)). (4-11)

[ In the last part of expansion (step Ic), the distributive law

i P"(Q+R) = P"Q + P"R
1 1

j is repeatedly applied to the factored expression produced by step lb to produce a
disjunctive form of the expression. Also, terms that contain complementary'

.
variables are deleted from the expression using the identitles P"/P = / OMEGA.
P"/ OMEGA = / OMEGA, and P+/ OMEGA = P, and all occurrences of a repeated

! variable in a term except one are deleted using the identity P"P = P to obtain a
disjunctive normal form of the expression.'

Consider the effect of step Ic of expansion on Exp. 4-11. The distributive law is
j used to expand the expression into a disjunctive form
!

B"/C + B"D"E + B"D"F"G + B"B"E"H + 1"E*D + 1"E"H"/C + I"/C + 1"C"/I.;
(4-12)

Then, the identitles P"/P = / OMEGA, P"/ OMEGA = / OMEGA, and P+/ OMEGA = P
are used to delete the term I"C"/I from Exp. 4-12 and the identity P"P = P is used

i

; to delete one occurrence of the variable B from the term B"B"E"H in Exp. 4-12, to
produce the disjunctive normal form of the expression

B"/C + B"D"E + B"D"F"G + B"E"H + I"E"O + I"E"H"/C + !"/C. (4-13)
j

/
SIMPLIFICATION

i

! In the simplification step of the reduction process. subsuming terms are deleted
1 from the disjunctive normal form expression produced by expansion using the
| Identity P + P"Q = P.

i
The deletion of variables or terms in step Ic of expansion cannot cause a subsuming !

te'rm, which would normally be deleted during the simplification step of thei

i reduction process, to be retained in the reduced expression. The subsuming term
: may be deleted during expansion instead of simplification, but one way or another

it will not survive these two steps of the reduction process.

Consider the effect of simplification on Exp. 4-13 produced by expansion. The'

term I"E"H"/C, which subsumes the term 1"/C, is deleted from Exp. 4-13 using the !
; J

identity P + P"O = P to produce the disjunctive normal form of the expressionj
i

: B"/C + B"D"E + B"D"F"G + B"E"H + 1"E"D + 1*/C. (4-14)

|

|
'

i
i

i
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| REDUCEQN
|

FACTORIZATION

| A rigorous description of factorization is beyond the scope and purpose of this
manual. Furthermore, it is not necessary to know exactly how an expression is
factored in order to write and execute SETS user programs. It is enough to know
that factorization produces a factored expression which, when expanded by the
distributive law, yields the disjunctive normal form that was used to produce the
factored expression. A summary description of factorization is presented in
APPENDIX C to provide some knowledge of the factoring that occurs during the
execution of a REDUCEQN call.

Consider the effect of factorization on Exp. 4-14 produced by simplification.
Factorization produces the final factored form of the expression

B"(/C+ E"(H + D)+ D "F "G)+ 1"(/C + D * E). (4-15)

Options

If the REDUCEQN call contains options (form b), variables in the expression may
be replaced by OMEGA or / OMEGA prior to reduction, excepted from counting
toward truncation value t , or deleted from terms in the expression after it hasi
been expanded.

Options that can occur in a REDUCEQN call are the omega option, the phi option,
the except complement option, the except noncomplement option, the delete
complement option, and the delete noncomplement option. Any combination of
these options can occur in a REDUCEQN call, and they can occur in any order.
Moreover, a REDUCEQN call can contain two or more occurrences of the same
kind of option, e.g., two omega options. The effect, however, is the same as if all
of the separate options of the same kind are collected into a single option of that
kind.

| A variable cannot occur more than once in the same kind of option in a

| REDUCEQN call. Furthermore, a variable that occurs in an omega or a phi option
i in a REDUCEQN call can occur only once in all of the options in the call.

Howevec, a variable that does not occur in an omega or a phl option can occur in
all of the other options in a REDUCEQN call. For example, a variable can occur in
both an except complement option and an except nor. complement option. The
constant OMEGA cannot occur in any option in a REDUCEQN call.

An omega option has the form:

OMEGA $ vt,v2. Vr

An omega option in a REDUCEQN call identifies variables that are replaced by the
constant OMEGA before the expression is reduced. Every occurrence of each vt,
!=1,2....r, in the expression is replaced by the constant OMEGA prior to the
expansion of the expression.

| A phl option has the form:

I PHI $ v g,v2 ....vr

37
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.

!
A phi option in a REDUCEQN call identifies variables that are to be replaced by!

the constant / OMEGA before the expression is reduced. Every occurrence of each
;

! vi, !=1,2,....r, in the expression is replaced by the constant / OMEGA prior to the
expansion of the expression.

.

An except complement option has one of the forms:

a. EXCEPTCMP$

b. EXCEPTCMP$ vg,v2. Vr

An except complement option in a REDUCEQN call is used in conjunction with
| truncation value tj. The complement variables specified in an except complement
i option do not count toward the truncation value. If the except complement option

does not contain a variable list (form a). overy complement variable is excepted
from the counting process. If a variable list is present (form b), only the

i complement variables corresponding to the noncomplement variables on the list are
excepted from the counting process.

i

) An except noncomplement option has one of the forms:
1

j a. EXCEPTNONCMP$
!

| b. EXCEPTNONCMP$ vt,v2. .Vr

! An except noncomplement option in a REDUCEQN call is like the except
complement option, but it is used to except noncomplement variables from :

;

counting toward truncation value tg.
i

j A delete complement option has one of the forms:

a. DELETECMP$'

i

| b. DELETECMP$ vg,v2. Vr

A delete complement option is used to delete complement variables from the;
' expression. The complement variables specified in a delete complement option are

deleted from the terms of the expression after the disjunctive normal form has>

been produced in step tc of expansion. Terms that contain complementary
variables are identified and deleted before any variables are deleted from the
terms. If truncation value tj is specified, variables specified in delete complement

,

options do not count toward the truncation value.!
!

i
If the delete complement option does not contain a variable list (form a), every

|
occurrence of every complement variable is deleted from the terms of the
disjunctive normal form of the expression. If a variable list is present (form b),:

only the complement variables corresponding to the noncomplement variables in
| the list are deleted from the expression. If every variable in a term is deleted, the

term and, therefore, the expression is OMEGA.

!

:

$

!

,
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,

A delete noncomplement option has one of the forms:

a. DELETENONCMP$
|

b. DELETENONCMP$ v},v2,...,vr

| A delete noncomplement option is like the delete complement option, but it is used
| to delete noncomplement variables from the expression.

Printed Output

If the equation file does not contain an equation for variable eg contained in
parameter pg, the message

THERE IS NO EQUATION FOR et

is printed, and execution of the REDUCEQN callis terminated. If the equation file
contains an equation for eg, the printed output produced is for reduction of the
expression for eg.

There are three parts to the printed output produced by the execution of a
REDUCEQN call. They correspond to the three steps of the reduction process and
they can be described using Exp. 4-9 from the previous section.

Execution of the expansion step of the reduction process for Exp. 4-9 produces the
following printed output:

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 8.

TERMS GENERATED BY EXPANSION
2 TERMS CONTAIN 2 VARIABLES
3 TERMS CONTAIN 3 VARIABLES
2 TERMS CONTAIN 4 VARIABLES

TOTAL TERMS GENERATED 7.
EXPANSION TOOK .007 SECONDS

The first part of the printed output produced by expansion indicates the maximum
number of terms that can be generated. The maximum number of terms that can
be generated is computed at the beginning of step Ic of expansion. For Exp. 4-9,
the maximum number of terms that can be generated is 8.

The second part of the printed output produced by expansion is an accounting of
the terms generated. This accounting shows a breakdown of the number of terms
generated with respect to the number of variables in each term, and a final
message indicates the total number of terms generated. The messages for the
breakdown of terms with respect to the number of variables per term are printed
according to an increasing number of variables per term. For Exp. 4-9, expansion
generates 2 terms that contain 2 variables,3 terms that contain 3 variables, and 2
terms that contain 4 variables. A total of 7 terms are generated.
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The number of terms generated by expansion is always less than or equal to the
maximum number of terms that can be generated. If these two numbers are
different, they differ by the number of terms deleted. Terms are deleted because
they contain complementary variables or because they exceed truncation value tg,

i s specified. If all of the terms are deleted, the expression is / OMEGA. Wheniif t

this happens, the breakdown of terms by number of variables per term is not
printed. Instead, the message

THE EXPRESSION IS / OMEGA
|

1s printed and the total number of terms generated by expansion is 1. For Exp. 4-9,
a maximum of 8 terms can be generated, and 7 terms are generated. One term is |

deleted because it contains complementary variables I and /I.

Following the accounting of the terms produced by expansion, if any terms were
deleted because they contained more variables than allowed by truncation value t ,i
the message

THERE WERE TERMS DELETED BECAUSE OF
THE TRUNCAT!ON VALUE OF ti

,

is printed.

During expansion, every variable of a term may be deleted if delete options occur
in the REDUCEQN call. If every variable of a term is deleted, the term and,
therefore, the expression is OMEGA. When this happens, the breakdown of terms
with respect to number of variables per term is not printed. Instead, the message

EVERY VARIABLE IN SOME TERM WAS DELETED
THE EXPRESSION IS OMEGA

is printed, and the total number of terms generated by expansion is 1.

The final printed output produced by expansion is a message indicating the time
required for expansion.

Execution of the simplification step of the reduction process for Exp. 4-9 produces
the following printed output:

TERMS RETAINED BY SIMPLIFICATION
2 TERMS CONTAIN 2 VARIABLES
3 TERMS CONT AIN 3 VARIABLES
1 TERMS CONT AIN 4 VARIABLES

TOT AL TERMS RETAINED 6.
SIMPLIFICATION TOOK .003 SECONDS

The printed output produced by simplification is an accounting of the terms '

retained by simplification. it is similar to the accounting produced by e:pansion.
It shows a breakdown of the terms retained by simplification and a final message
that Indicates the total number of terms retained. For Exp. 4-9, all of the 2 and 3

.

variable terms and all but one of the 4 variable terms are retained. A total of 6'

terms is retained by simp!!fication.

!
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The number of terms retained by simplification is always less than or equal to the
number of terms generated by expansion. These two numbers differ by the number
of subsuming terms that are deleted using the identity P + P"Q = P.

The final printed output produced by simplification is a message indicating the
time required for simplification.

Execution of the factorization step of the reduction process for Exp. 4-9 produces
the following printed output:

FACTORIZATION TOOK .018 SECONDS

The output for factorization is a message indicating the tirre required for
factorization.

Example

Consider SE1S user program:

PROGRAM $ REDUCEQN EX.
REDUCEQN (N0-EQN, NEW EQN).
PRTEQN (NEW EQN).

OMEGA EQN * X1 + X2 + /(X3*/0MEGA).
REDUCEQN (OMEGA EQN, NEW 0MG EON).

PRTEQN (NEW 0MG EQN).

EON 1 m /(/X1 + X2*0MEGA)*(X3 + /X1 + X4*(X1 + XS*(X2 + /X3))).
REDUCEQN (EON 1, EQN 1).
PRTEQN (EQN 1).
EON 2 = (X1 + X4*X5 + X6)*(X2 + /X2*X5)*(X3 + X2*X4).
PRTEQNDNF (EQN 2).
REDUCEQN (EQN 2, EON 2 0MG X2* OMEGA $ X2).
PRTEQNDNF (EQN 2 0MG X2).
REDUCEQN (EQN 2/2, EQN 2 ORD 2).
PRTEQN (EON 2 ORD 2).
EQN 3 m (X1 + X3 + /X6)*(X4 + /X4*X6)*

/X2*(X5 + /X5*/X3 + /X5*X3*/X7).
PRTEQNDNF (EQN 3).
REDUCEQN (EQN 3/2, EQN*3 ORD 2 EXC* EXCEPINONCMPS/

EXCEPTCMP$ X4, X7).,

PRTEQNDNF (EQN 3 ORD 2 EXC).
REDUCEQN (EON 3, EON 3 DLTCMP* DELETECMPS).
PRTEQNDNF (EQN 3 DLTCMP).

The equation file is empty when execution of REDUCEQN-EX begins. Then, a
REDUCEQN call shows the equation file does not contain an equation for NO-EQN,

dand the ollowing PRTEQN call shows an equation was not created for NEW-EGN.
The prin' ed output produced by these two procedures is as follows:

REDUCEQN (No EQN, NEW EQN).

THERE IS No EQUATION FOR NO EON

STATEMENT EXECUTION REQUIRED .001 SECONDS FOR REDUCEQN

PRIEQN (NEW EQN).

THERE !$ No EQUATION FOR NEW EQN

STATEMENT EXECUTION REQUIRED .001 SECONDS FOR PRTEQN
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The next statement in the SETS user program is an equation statement that enters
an equation for OMEGA-EQN Into the equation file. Then, a REDUCEQN call ,

creates an equation for NEW-OMG-EQN. (The printed output produced by the
REDUCEQN call shows the right-side expression of the equation for OMEGA-EQN
reduces to OMEGA during expansion.) The following PRTEQN call shows the
right-side expression of the new equation is OMEGA. The printed output produced
by these three statements is as follows:

OMEGA EQN = X1 + X2 + /( X3 * /0MEGA )
1 1

STATEMENT EXECUTION REQUIRED .004 SECONDS FOR LDTMPBLK

' ~

REDUCEQN (OMEGA EQN, NEW 0MG EQN).

f THE EXPRESSION IS OMEGA
TOTAL TERMS GENERATED 1.

EXPANSION TOOK .001 SECONDS.

STATEMENT EXECUTION REQUIRED .002 SECONDS FOR REDUCEQN

.

! PRTEQN (NEW 0MG EQN).

NEW 0MG EQN = OMEGA

STATEMENT EXECUTION REQUIRED .002 SECONDS FOR PRTEQN

The n9xt statement in the SETS user program is an equation statement that enters
an equation for EQN-1 into the equation file. Then, a REDUCEQN call creates a
reduced equation for EQN-1 which replaces the equation for EON-1 in the equation
file. This REDUCEQN call does not contain a truncation value or any options.
Thus, the right-side expression of the created equation is equivalent to the
right-side expression of the original equation for EQN-1. A PRTEQN call prints
the new equation for EQN-1. The printed output produced by these three
statements is as follows:

EQN.1 a /( /X1 + X2 * OMEGA ) * ( X3 + /X1 + X4 * ( X1 +j
t 1 1 1 2

i

; X5 * ( X2 + /X3 ) ) )
i 3 321

I STATEMENT EXECUTION REQtlRED .004 SECONDS FOR LDTMPBLKi

i

REDUCEQN (EQN 1, [QN 1).

THE MAX! MUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPAN510N IS 5.

TERMS GENERATED BY EXSANSION
2 TERMS CONTAIN 3 VARIABLES
1 TERMS CONTAIN 5 VARIABLES

TOTAL TERMS GENERATED 3.
EXPANSION TOOK .007 SECONDO.

TERMS RETAINED BY SIMPLIFICAT!ON
2 TERMS CONTAIN 3 VARIABLES

TOTAL TERMS RETAINED 2.
; SIMPLIFICATION TOOK .002 SECONDS.

i
i 42
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FACTORIZATION TOOK .004 SECONDS.

I STATEMENT EXECUTION REQUIRED .016 SECEADS FOR REDUCEQN
,

4

PRTEQN (EQN 1).

EQN 1 = X1 * /X2 * ( X4 + X3 )
1 1

a.

) STATEMENT EXECUTION REQUIRED .002 SECONDS FOR PRTEQN

I The next statement in the SETS user program is an equation statement that enters
i an equation for EQN-2 into the equation file. Then, a PRTEQNDNF call prints the
'

nine term disjunctive normal form of EQN-2 produced by expansion. Results
obtained by subsequent REDUCEQN calls that process EQN-2 are easier to

| understand if they can be compared to a disjunctive normal form of all of the
' terms of EQN-2. The printed output produced by the equation statement and the
| PRRQNDNF call is as follows:
!

EQN 2 = ( x1 + x4 * X5 + x6 ) * ( X2 + /x2 * x5 ) * ( x3 +
1 1 1 1 1

1

i X2 * X4 )
1,

1

STATEMENT EXECUTI% REQUIRED .004 SECONDS FOR LDTMPBLK

.

PRTEQNDNF (EQN 2).

] SUBSUMING TERMS MAY OCCUR IN THE
; EQUATION FOR EQN 2

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 12.i *

1

TERMS GENERATED BY EXPANSION
5 TERMS CONTAIN 3 VARIABLES
4 TERMS CONTAIN 4 VARIABLES

, TOTAL TERMS GENERATED 9.
EXPANSION TOOK .007 SECONDS.

3
* * * * VARIABLE OCCURRENCE TABLE * * * *;

!

I h0NCOMPLEMENT NUMBER OF COMPLEMENT NUMBER OF
i VARIABLE OCCURRENCES VARIABLE OCCURRENCES

I X1 3

i X2 6 /x2 3
; X3 6

x4 5
X5 54

i x6 3

THERE ARE 7 DIFFEPENT VARIABLES IN THE

i EQUATION FOR EQN 2

:
4

!
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TERM NUMBER OF
NUMBER VARIABLES

EQN 2 =

1 3 x1 * x2 * x3 +

2 3 X2 * X3 * x6 +

3 3 x1 * x2 * x4 +

4 3 x2 * X4 * X5 +

5 3 x2 * X4 * x6 +

6 4 x2 * x3 * X4 * X5 +

7 4 X1 * X3 * XS * /x2 +

8 4 X3 * X4 * X5 * /x2 +

9 4 x3 * X5 * X6 * /x2

STATEMENT EXECUTION REQUIRED .019 SECONDS FOR PRTEQNDNF

The next statement in the SETS user program is a REDUCEQN call that creates
an equation for EGN-2-OMG-X2. It contains an omega option that causes every
occurrence of X2 in the copy of the right-side expression of the equation for
EQN-2 . to be replaced by OMEGA before the expression is reduced. A
PRTEQNDNF call shows the five terms in the reduced equation for
EQN-2-OMG-X2. The printed output produced by the REDUCEQN call and part
of the printed output produced by the PRTEQNDNF call is as follows:

REDUCE 0N (EQN 2, EQN 2 0MG x2* OMEGA $ x2).

THE max! MUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 6.

,

TERMS GENERATED BY EXPANSION
5 TERMS CONTAIN 2 VARIABLES
1 TERMS CONTAIN 3 VARIABLES

TOTAL TERMS GENERATED 6.
EXPANSION TOOK .005 SECONDS.

TERMS RETAINED BY SIMPLIFICATION
5 TERMS CONTAIN 2 VARIABLES

TOTAL TERMS RETAINED 5.
SIMPLIFICATION TOOK .002 SECONDS.

FACTORIZAfl0N TOOK .012 SECOND$.

STATEMENT EXECUTION REQUIRED .020 SECONDS FOR REDUCEQN

1

; PRTE0NDNF (EON 2 0MG x2).

.

| *

1,
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)

TERM NUMBER OF
NUMBER VARIABLES

EQN 2 0MG X2 =

1 2 X3 * X6 +

2 2 X1 * X3 +

3 2 X4 * X6 +

4 2 X4 * XS +

5 2 X1 * X4
.

STATEMENT EXECUTION REQUIRED .014 SECONDS FOR PRTEQNDNF

The next statement in the SETS user program is a REDUCEQN call that creates an
equation for EQN-2-ORD-2. This call contains truncation value 2. Since every
term of EQN-2 contains more than 2 variables, every term is deleted during;
expansion. Then, a PRTEQN call shows the right-side expression of the equation,

! for EQN-2-ORD-2 is / OMEGA. The printed output produced by these two
procedures is as follows:

;

REDUCE 0N (EQN 2/ 2, EQN 2 ORD 2).j

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 12.

1

TERMS GENERATED BY EXPANSION
1 THE EXPRES$10N l$ /0MEGA

TOTAL TERMS GENERATED 1.
.

l

THERE WERE TERh5 DELETED BECAUSE OF
THE TRUNCATION VALUE OF 2

EXPANSION TOOK .004 SECONDS.

STATEMENT EXECUTION REQUIRED .005 SECONDS FOR REDUCEQN

|

PRTE0N (EON 2 ORD 2).

E04 2 ORD 2 = /0MEGA

STATEMENT EXECUTION REQUIRED .002 SECONOS FOR PRTE0N

: The next statement in the SETS user program is an equation statement that enters
an equation for EQN-3 Into the equation file. Then, a PRTEQNDNF call prints the
thirteen term disjunctive normal form of EQN-3 produced by expansion. Results
obtained by subsequent REDUCEQN calls that process EQN-3 are easier to

i understand if they can be compared to a disjunctive normal form of all of the
; terms of EGN-3. The printed output produced by the equation statement and part i

of the printed output produced by the PRTEQNDNF call is as follows: |

EON 3 m ( X1 + X3 + /X6 ) * ( X4 + /X4 * X6 ) * /X2 * (
1 1 1 1 1

! X5 + /X5 * /X3 + /X5 * X3 * /X7 )
.j

i

! STATEMENT EXECUTION REQUIRED .005 SECONDS FOR LOTMPBLE

i

4
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PRTE0NONF (EON 3).

SUBSUMING TERMS MAY OCCUR IN THE
EQUATION FOR EQN 3

THE max! MUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 18.

TERMS GENERATED BY EXPANSION
3 TERMS CONTAIN 4 VARIABLES
5 TERMS CONTAIN 5 VARIABLES
4 TERMS CONTAIN 6 VARIABLES'
1 TERMS CONTAIN 7 VARIABLES

TOTAL TERMS GENERATED 13.
'

EXPANSION TOOK .009 SECONOS.

e

e

e

TERM NUMBER OF
NUMBER VARIABLES

EON 3 *

1 4 x1 * X4 * X5 * /x2 +

2 4 x3 * x4 * x5 * /x2 +

3 4 X4 * X5 * /x2 * /x6 +

4 5 X1 * M4 * /X2 * /x3 * /x5 +

5 5 x4 * /x2 * /x3 * /x5 * /x6 +

6 5 X3 * x4 * /x2 * /x5 * /x7 +

7 5 X1 * x5 * x6 * /x2 * /x4 +
'

8 5 x3 * x5 * x6 * /x2 * /x4 +

9 6 x1 * x3 * x4 * /x2 * /x5 * /X7 +

10 6 X3 * x4 * /x2 * /x5 * /x6 * /x7 +

11 6 x1 * x6 * /x2 * /x3 * /x4 * /x5 +

12 6 X3 * x6 * /x2 * /x4 * /x5 * /x7 +

13 7 x1 * x3 * x6 * /x2 * /x4 * /x5 * /XT

STATEMENT EXECUTION REQUIRED .028 SECONOS FOR PRTE0NONF

The next statement in the SETS user program is a REDUCEQN call that creates
an equation for EQN-3-ORD-2-EXC. This call contains truncation value 2, and
it also contains an except noncomplement and an except complement option.
The except noncomplement option does not contain a variable list, so it means
that none of the noncomplement variables in the expression counts toward the
truncation value. The except complement option contains the variables X4 and
X7 which means that the complement variables /X4 and /X7 In the expression do
not count toward the truncation value. Expansion of EON-3 by this REDUCEQN

46
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call produces only nine terms because, even with the exceptions, four terms in the<

' full expansion of EQN-3 exceed truncation value 2. Of the nine terms produced by
expansion, seven are retained by simplification. A call of PRTEQNDNF prints the
seven terms in the equation for EQN-3-ORD-2-EXC. The printed output produced,

| by the REDUCEQN call and part of the output produced by the PRTEQNDNF call
; 1s as follows:

REDUCEQN (EQN 3/ 2, EON-3 ORD 2 ExC* EXCEPTNONCMPS / EXCEPTCMPS X4, x7).

THE MAxlMUM NUM8ER OF TERMS THAT CAN BE,

j CENERATED BY EXPANSION IS 18.

TERMS GENERATED 8Y EXPANSION
'

3 TERMS CONTAIN 4 VARIABLES
3 TERMS CONTAIN 5 VARIABLES
2 TERMS CONTAIN 6 VARIABLES
1 TERMS CONTAIN 7 VARIABLES

TOTAL TERMS GENERATED 9.

THERE WERE TERMS DELETED BECAUSE OF
- THE TRUNCATION VALUE OF 2

EXPANSION TOOK .009 SECONOS.

TERMS RETAINED BY SIMPLIFICATION
3 TERMS CONTAIN 4 VARIABLES
3 TERMS CONTAIN 5 VARIABLES

. 1 TERMS CONTAIN 6 VARIABLES
*

TOTAL TERMS RETAINED 7.
SIMPLIFICATION TOOK .004 SECONOS.

,

FACTORIZATION TOOK .019 SECONOS.

STATEMENT EXECUTION REQUIRED .035 SECONOS FOR REDUCEQN

PRTEQNONF (EQN 3 ORD 2 EXC).

e

,

e

4 e

i TERM NUMBER OF
NUMBER VARIABLES

EQN 3 ORD 2 ExC =

1 4 x4 * X5 * /x2 * /x6 +

2 4 x3 * x4 * X5 * /x2 +

3 4 x1 * x4 * M5 * /x2 +

! 4 5 x3 * X5 * x6 * /X2 * /x4 + '

i 5 5 x1 * x5 * x6 * /x2 * /x4 +

6 5 x3 * x4 * /x2 * /x5 * /x7 +
!

| 7 6 x3 * x6 * /x2 * /x4 * /x5 * /x7

STATEMENT EXECUTION REQUIRED .020 SECONOS FOR PRTEQNONF

I
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The next statement in the SETS user program is a REDUCEQN call that creates an
equation for EQN-3-DLTCMP. This call contains a delete complement option
without a variable list. This means every complement variable is deleted from the
terms of the disjunctive normal form of the expression at the end of expansion.
Since no term in the full thirteen term expansion of EQN-3 contains all
complement variables, no term is deleted as a result of the delete complement
option. The complement variables, however, are deleted from each of the thirteen
terms at the end of expansion. Simplification retains only three of these terms. A
call of PRTEQNDNF prints the three terms of EQN-3-DLTCMP. The printed
output produced by the REDUCEQN call and part of the printed output produced by
the PRTEQNDNF call is as follows:

REDUCEQN (EQN 3, EQN 3 DLTCMP* DELETECMPS ).

THE MAX!> N NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 18.

TERMS CENERATED BY EXPANSION
1 TERMS CONTAIN 1 VARIABLES
6 TERMS CONTAIN 2 VARIABLES
6 TERMS CONTAIN 3 VARIABLES

TOTAL TERMS GENERATED 13.
EXPANSION TOOK .007 SECONDS.

TERMS RETAINED BY SIMPLIFICATION
1 TERMS CONTAIN 1 VARIABLES
2 TERMS CONTAIN 2 VARIABLES

TOTAL TERMS RETAINED 3.
$!MPLIFICATION TOOK .002 SECONDS.

FACTORIZATION TOOK .007 SECONDS.

STATEMENT EXECUTION REQUIRED .018 SECONDS FOR REDUCEQN

PRTEQNONF (EQN 3 DLTCMP).

e

e

/

TERM NUMBER OF
NUMBER VARIABLES

EQN 3 OLTCMP =

1 1 X4 +

2 2 X3 * X6 +

3 2 X1 * X6

STATEMENT EXECUTION REQUIRED .011 SECONDS FOR PRTEQNDNF
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4.1.6 Compute Term Value

The Compute Term Value procedure is used to compute and print term values for
equations in the equation file. For each equation specified in the procedure call, a
disjunctive normal form of the right-side expression of the equation is obtained by
expansion and values are computed for each term in the expression. Parameters in
the procedure call specify what computations to make and which variable values to
use in the computations. (Variable values must be nonnegative and every

I computation produces nonnegative term values.) In addition, for each computation
| specified in the procedure call, an extreme value is determined from the term
' valtes for that computation. The right-side expression of the equation is printed in

a disjunctive normal form, and the values for each term are printed with the term.
The extreme values are printed following the printing of the equation and the term
values. For example, suppose the equation file contains the equation

I A =B"(C + D"F)+D"(E + C"(F + G)).

Also, suppose the value block file contains value block VB1 which contains variable
values:

B=5
C=8
D=2
E=5
F=1
G =8

Execution of procedure call statement

COMTRMVAL (SUM, VBl* A)

computes a value for each term in a disjunctive normal form of the right-side
expression of the equation for A and prints the term values, the equation for A, and
the extreme value in the form:

TERM SUM
NUMBER OF TERM

A=

1 1.8000E+01 C"D"G+

2 1.3000E+01 B"C+

3 1.1000E+01 C"D"F+

4 8.0000E+00 8*D"F+

5 7.0000E+00 D"E

THE MINIMUM TERM VALUE FOR COMPUTATION 1 IS 7.0000E+00
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For this example, a disjunctive normal form of the right-side expression of the
equation for A is obtained by expansion, and a value is computed for each term in
the expression using variable values from value block VBl. For computation type
SUM, term value is the sum of the variable values for the variables in the term.
The extreme value, which for SUM is the minimum term value, is determined from
the term values. Terms are sorted in order of decreasing value and the term
values, the equation for A, and the extreme value are printed.

Procedure Call

A call of the Compute Term Value procedure has one of the forms:

a. COMTRMVAL (qi vb ,q2,vb . .4s,vbs" Pl P2. .Pn)-i 2

b. COMTRMVAL (DECREASE $ qi,vb ,q2,vb . .9s,vbs" pg,p2. Pn)-i 2

c. COMTRMVAL (INCREASE $ qi,vb ,qp,vb . .9s.vb " Pl.P2. Pn)-i 2 s

k iEach parameter pair, qk and vb , k=1,2,....s. specifies a computation. Each qk s
either ck or ek/lk which contains computation type ck and truncation value Ip, if
k s present. The corresponding vbk identifies the value block which contains theiI

nonnegative variable values to be used in the computation specified by qk. At least
one computation must be specified in a COMTRMVAL call, and no more than ten
computations can be specified, (1 i s i 10).

Parameters, pi, i=1,2,....n, specify the equations to be processed. Each p is either
ei or et j which contains left-side variable e and truncation value t , if ti is/t i
present. Truncation value ti must be an integer. There must be at least one p
parameter, (1 $ n).

Parameters DECREASE and INCREASE control the order in which terms are sorted
for printing. Only one sort parameter can occur in a COMTRMVAL call and, if one
occurs, it must be the first parameter in the call.

Processino Achieved
'

Term values are computed in both the Compute Term Value procedure and the
Truncate on Term Value procedure. The computations that can be specified in the
two procedures are the same; the way term values are used in the two procedures
is quite different. Compute Term Value computes term values and prints them.
Truncate on Term Value computes term values and uses them to determine whether
or not to delete terms from an expression during expansion.

There are nine different computations. A computation is recognized by its
computation type ck, which specifies a rule for computing a term value as a
function of the values for the variables in the term. Each computation type is
listed in Table 4.1 together with a description of the corresponding computation.

Variable values used in computations are obtained from value blocks stored in the
value block file. A distinction is made between a variable and its value; variable vi
has value V(vi). When variable values are known to be probabilities, V is replaced
by P and V(vj) becomes P(vi).

I
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Variable values are restricted to make each computation either monotone
decreasing or monotone increasing. A computation is monotone decreasing
(increasing) if, for any ordering of the variables in the term, the value computed
through J+1 variables of the term is s (2) the value computed thru j variables of the
term. The initial value of a term is the identity element for the computation: 0 for
SUM, COUNT, DISTINCT-SUM, DISTINCT-COUNT, and MAXIMUM: I for
PRODUCT, DISTINCT-PRODUCT, and PROBABILITY; and I x 10100 for
MINIMUM. PROBABILITY and MINIMUM are monotone decreasing computations,
and all other computations are monotone increasing.

Table 4.1 Computation Types

Computation Type Term Value
(ck)

1. SUM Sum of the variable values.
2. PRODUCT Product of the variable values.
3. COUNT Number of variables.
4. DISTINCT-SUM Sum of the different variable values.
5. DISTINCT-PRODUCT Product of the different variable values.
6. DISTINCT-COUNT Number of variables with different values.
7. MAXIMUM Maximum variable value.
8. MINIMUM Minimum variable value.
9. PROBABILITY Product of the variable probabilities.

Variables cannot be assigned negative values, i.e., value blocks contain only
nonnegative values. This condition is tested when value blocks are created. Also,
nonnegative variable values are restricted with respect to computation type.
These restrictions cannot be tested until a computation type and value block are
paired together in a procedure call. The restriction on nonnegative variable values
for each computation type is shown as a value range in Table 4.2.

Complement variables cannot be assigned values directly, i.e., value blocks do not
contain values for complement variables. The value used for a complement
variable is determined by computation type. For computation type PROBABILITY,
the value assigned to complement variable /v1 is determined from the value for
noncomplement variable vi using the relationship P(/vi) = l-P(vi). For all other
computation types, the value assigned to every complement variable is the identity
element for the computation. Thus, complement variables do not change term
value for any computation type except PROBABILITY. Complement variable value
assignments for each computation type are shown in Table 4.2.

Because of the restrictions on variable values, each computation type produces
term values which lie in the same range as the variable values. One consequence is
that all term values are nonnegative.
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Table 4.2 Variable Value Restrictions

.

Value Range for Complement
Computation Type Noncomplement Variable

(ck) Variable' Value

1. PROBABILITY 0 $ P(vi) $ 1 1-P(vi)

2. MINIM M 0 $ V(vi) 1x10100

3. PRODUCT and DISTINCT-PRODUCT 1 $ V(vi) 1

4. All other computation types 0 $ V(vi) 0

The nine computations can be shown using a single term

B"/C"D"E

and value blocks VALBLK-1, VALBLK-2, and VALBLK-3 witch contain variable
values a's shown in Table 4.3.

Table 4.3 Value Blocks VALBLK-1, VALBLK-2, and VALBLK-3

Variable VALBLK-1 VALBLK-2 VALBLK-3

B 2.0x 10-3 .6 5

C 1.0x10-1 4.0 5

D 6.0x10-2 7,0 13

E 2.0x 10-3 .6 5

Values in VALBLK-1 are in the range 0 $ V(vi) 51, and can be used for every
computation type except PRODUCT and DISTINCT-PRODUCT. Values in
VALBLK-2 are in the range 0 $ V(vi), and can be used for every computation type
except PRODUCT, DISTINCT-PRODUCT, and PROBABILITY. Values in
VALBLK-3 are in the range 1 g V(vi), and can be used with every computation type
except PROBABILITY. The value for complement variable /C must be determined
with regard to computation type before values for B"/C"D"E can be computed.
The values for B"/C"D"E for every computation type using the values from all
three value blocks, if appropriate, are presented in Table 4.4.
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Table 4.4 Values Computed for B"/C"D"E

Computation Type VALBLK-1 VALBLK-2 VALBLK-3
(ck)

_

l. SUM 6.40x10-2 8.7 23
2. PRODUCT -- -- - - - - - - 325
3. COUNT 4 4 4
4. DISTINCT-SUM 6.20x 10-2 7.6 18
5. DISTINCT-PRODUCT - - - - - - ----- 65
6. DISTINCT-COUNT 3 3 3

7. MAXIMUM 6.00x10-2 7.0 13
8. MINIMUM 2.00x10-3 .6 5
9. PROBABILITY 2.16x 10-7 - - - - -- - - - - -

Parameters in a COMTRMVAL call that specify the order of sorting terms and the
computations to be made must be processed before term values can be computed
and printed for any equation. If the first parameter is not a sort parameter or if
it is DECREASE, the order for sorting terms is determined to be decreasing. If
INCREASE is the first parameter, the order for sorting terms is determined to be
increasing.

As each qk is encountered, the computation type and truncation value for the
computation are determined. The computation type is specified by ck contained
in parameter qk. If truncation value ik occurs in parameter qk, the truncation
value for the k-th computation is set to I . Otherwise, the truncation value is setk
in accordance with computation type ck so that no truncation will occur. If ek si
monotone decreasing, the truncation value for the k-th computation is set to 0;
and, if ck s monotone increasing, the truncation value for the k-th computation isi
set to Ix10100,

As each vbk s encountered, variable values from value block vbk are establishedi
as the values to be used for the k-th computation.

After the pairs of qk and vbk parameters have been processed, term values can be
computed for each equation specified in the procedure call. Parameters, pj,
i=1,2,....n, are processed one at a time from left to right and, as each one is
encountered, a disjunctive normal form of the right-side expression of the
specified equation is obtained by expansion. Expansion of an expression to obtain
a disjunctive normal form for computing and printing term values is the same
expansion described briefly in Section 4.1.2, Print Equation in Disjunctive Normal
Form and in detail in Section 4.1.5, Reduce Equation. If the equation file does not
contain an equation for variable ei contained in parameter pi, a message is printed
and processing continues with the next parameter.
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After expansion, the variables in each value block vbk specified in the
COMTRMVAL call are compared to the variables in the disjunctive normal form of
the expression. Each value block must contain a value for every noncomplement
variable that occurs in the expression. Also, for every complement variable that
occurs in the expression, each value block must contain a value for the
corresponding noncomplement variable.

Once the variables in the value blocks have been compared to the variables in the
expression, values for every computation specified in a COMTRMVAL call are
computed for each term in the expression. A term value is said to exceed the
corresponding truncation value if, for monotone decreasing computations, it is less
than the truncation value and, for monotone increasing computations, it is greater
than the truncation value. A term is deleted if any of its values exceeds the
corresponding truncation value.

In addition to the term values that are computed and printed, an extreme value is
determined and printed for every computation specified in a COMTRMVAL call.
The extreme value for a computation may not be among the printed term values
for the computation. This happens when each term having the extreme value for
one computation is deleted because it exceeds the truncation value for another
computation. The extreme value for a monotone decreasing computation

(MINIMUM or PROBABILITY) is the maximum value over all term values for the
computation. The extreme value for a monotone increasing computation (SUM,
PRODUCT, COUNT, DISTINCT-SUM, DISTINCT-PRODUCT, DISTINCT-COUNT,
or MAXIMUM)is the minimum value over all term values for the computation.

For computation type PROBABILITY, the sum of the values for the remaining
terms is also computed and printed. This sum is often interpreted as an
approximation to the probability of the expression. If the expression is not reduced
prior to the COMTRMVAL call, subsuming terms can contribute unnecessarily to
the approximation.

After term values have been computed and extreme values determined, the terms
that remain are sorted into the appropriate order according to the values for the
first com'putation in the COMTRMVAL call. Then, each term, its values, and the
extreme values are printed.

Printed Output

if the equation file does not contain an equation for variable ei contained in
parameter pi, the message

THERE IS NO EQUATION FOR ej*

is printed and the processing of the parameters continues.

If the equation file contains an equation for e , a disjunctive normal form
expression for pi is obtained (p is ei or ej truncated by t ), and variables in thei
expression are compared to variables in each value block specified in the
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COMTRMVAL cali. Variables in the expression that do not have values in every
value block are listed with a message in the form

VARIABLES THAT DO NOT HAVE A VALUE IN EVERY
VALUE BLOCK SPECIFIED IN THIS PROCEDURE CALL

vi
v2
.

.

.

vn

and a SETS user program error occurs (see APPENDIX A, Section 3.3, Numbered
Errors, error 67). (Complement variables must have values for the corresponding
noncomplement variables.)

There are four parts to the printed output associated with computing and printing
values for the terms of the equation. There is the output associated with changing
the right-side expression of the equation into a disjunctive normai form; there is a
Variable Occurrence Table that contains information about the variables in the'

printed equation: there is the printed equation and the values for its terms; and
there are the extreme values for the computations specified in the call.

The printed output associated with changing the right-side expression into a
disjunctive normal form can begin with the warning:

SUBSUMING TERMS MAY OCCUR IN THE
EQUATION FOR ei

The warning occurs if the equation for ej was not created by a cali of REDUCEQN,
TRNTRMVAL, or DLTRM. It means that, even though the right-side expression of
the equation may ~not contain subsuming terms, the absence of subsuming terms in
the right-side expression has not been ensured by the execution of one of these
procedures in a SETS user program.

The next part of the printed output associated with changing the right-side
expression into a disjunctive normai form is the output produced by expansion. A
summary description of this output appears in Section 4.1.2, Print Equation in
Disjunctive Normal Form, and a detailed description of it appears in Section 4.1.5,
Reduce Equation.

Briefly, the printed output produced by expansion indicates the maximum number
of terms that can be generated by expansion; a breakdown of the terms generated
with respect to the num'uoi of variables per term; the total number of terms
generated; and the time required for expansion. If the equation was created by a
cali of REDUCEQN, TRNTRMVAL, or DLTRM and the right-side expression is
constant, i.e., OMEGA or / OMEGA, a message indicating the expression is OMEGA
or / OMEGA, respectively, replaces the breakdown of terms.

4
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Terms that contain complementary variables and terms that contain more than t-
variables, if t is present in the call, are identified and deleted during expansion. Ifi
every term is deleted, the breakdown of terms is replaced with a message
indicating the expression is / OMEGA. If any terms are deleted because of
truncation value tj, an additional message indicating this fact appears in the
printed output.

Term values are computed and compared to truncation values after a disjunctive
normal form of the right-side expression of an equation has been obtained by
expansion. If every term is deleted because of truncation values, the message

EVERY TERM WAS DELETED BECAUSE OF
TRUNCATION VALUES

is printed and, if there are no other equations specified in the call of
COMTRMVAL, execution of the procedure is terminated. Otherwise, the next
equation specified in the call is processed.

If some terms are deleted because of truncation values, but not all terms are
deleted, the message

THERE WERE TERMS DELETED BECAUSE OF
TRUNCATION VALUES

is printed and processing of the current equation continues.

A Variable Occurrence Table is printed preceding each equation printed. All and
only the variables that occur in the terms of the printed equation are listed in the
table. Terms are deleted from the expression during expansion if they contain
complementary variables, or if they contain more than the number of variables
specified by truncation value t , if t is present in the call. Terms are also deletedi i
after expansion when term values are computed if any of their values exceeds the
corresponding truncation value. If terms are deleted, some variables that occur in
the equation for e may not appear in the table because they do not occur in the
terms of the printed equation.

The number of times that each variable occurs in the printed equation is printed
with the variable in the table. Since all occurrences of a repeated variable in a
term except one have been deleted during expansion, the number of times a

l variable occurs is the number of terms which contain that variable. A message
! indicating the number of different variables that occur in the terms of the printed
! equation is printed at the end of the table.

After the Variable Occurrence Table has been printed, a disjunctive normal form of
the remaining terms of the right-side expression and the values for each term are
printed. Each term is numbered and up to three values can be printed with the
term. If more than three computations are specified in a COMTRMVAL call, and
there can be as many as ten, the equation must be reprinted to accommodate the
additional term values. The term number and the values for the first computation

i
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are repeated with every printing of the equation. The values for the first
computation are repeated because the terms are sorted according to the values for
this computation. Thus, term values for the first, second, and third computations
are printed with the first printing of the equation; term values for the first, fourth,
arid fifth computations are printed with the second printing of the equation; etc.,
until the first and tenth computations are printed with the fifth printing of the
equation.

After the term values have been printed for every computation specified in the
call, the extreme value for each computation is printed. The extreme value for a
monotone decreasing computation is printed in the form

THE MAXIMUM TERM VALUE FOR COMPUTATION k IS w

and the extreme value for a monotone increasing computation is printed in the form

THE MINIMUM TERM VALUE FOR COMPUTATION k IS w

where w is the extreme value for the k-th computation in the COMTRMVAL call.
For computation type PROBABILITY, the sum of the term values is also computed
and printed below the extreme value in the form

(THE SUM OF THE TERM VALUES IS s)

where s is the sum of the term probabilities.

Example

Consider SET S user program:

FROGRAM$ COMTRMVAL EX.
RDVALBLK (VB COSTS, VB PROSS).
COMTRMVAL (SUM, VB COSTS * NO EQN).

EQN 4 = X1*(X2 + X3*/X4) + X4*(X5*(/X1*X6 + X3*X2) +
X6*(X2 + X7)) + X2*(X6 + /X4*X5).

REDUC.EQN (EQN 4, EQN-4).
COMTRMVAL (PROBABILITY, VB PROBS* EQN 4).
COMTRMVAL (INCREASES SUM, VB COSTS * EQN 4).
COMTRMVAL (PROBABILITY /1E 3, VB PROBS* EON 4).
CONTRMVAL (PROBABILITY /2E-5, VB PROBS, MINIMUM, VB PROBS,

SUM /20, VB COSTS, MAXIMUM, VB-COSTS * EQN 4).

The first statement in the SETS user program is a RDVALBLK call. The Read
Value Block procedure is described in Section 4.3.1, but it must be used here to
create the value blocks for this example. Two value blocks are created and added
to the value block file. One of them is named VB-PROBS and it contains a failure
probability for each of the variables XI through X7. The other value block is
named VB-COSTS and it contains a cost associated with each of the variables XI
through X7. The variable values in the two value blocks are shown in Table 4.5.
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Table 4.5 Variable Values for VB-PROBS and VB-COSTS

Variable VB-PROBS VB-COSTS

X1 7.2x 10-3 17

X2 3.0x 10-2 2
X3 7.2x 10-3 5

X4 1.0x10-1 2

X5 3.0x 10-2 7,3

X6 2.7x 10-2 7,3
X7 7.2x 10-3 17

The equation file is empty when execution of COMTRMVAL-EX begins. The
RDVALBLK statement enters value blocks VB-PROBS and VB-COSTS into the
value block file. Then, a COMTRMVAL call shows the equation file does not
contain an equation for NO-EQN. The printed output produced by this procedure is
as follows:

CONTRMVAL (SUM, VB COSTS * NO EQN).

THERE IS NO EQUATION FOR NO EQN

STATEMENT EXECUTION REQUIRED .003 SECONDS FOR COMTRMVAL

The next statement in the SETS user program is an equation statement that enters
an equation for EQN-4 into the equation file. Then a call of REDUCEQN redefines
the equation for EQN-4 and deletes subsuming terms from it. There are eight
terms in the disjunctive normal form of EQN-4 produced by expansion and seven
terms are retained by simplification. The printed output produced by the
REDUCEQN call is unimportant. The printed output produced by the equation
statement is as follows:

EON 4 a x1 * ( x2 + X3 * /X4 ) + X4 * ( X5 * ( /X1 * x6 +
1 1 1 2

x3 * x2 ) + x6 * ( x2 + x7 ) ) + X2 * ( x6 + /X4 * X5 )
2 2 21 1 1

STATEFENT EXECUTION REQUIRED .006 SECONDS FOR LDTMPBLK

The next statement in the SETS user program is a COMTRMVAL call that produces
a disjunctive normal form of the right-side expression of the equation for EQN-4,
computes the probability of each term in the expression using the values in value
block VB-PROBS, and prints the terms, the term probabilities, and the extreme
values. The printed output produced by the COMTRMVAL call is as follows:
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COMTRMVAL (PROBABILITY, V8 PROBS* EQN 4).

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 7.

TERMS GENERATED BY EXPANSION
2 TERMS CONTAIN 2 VARIABLES
3 TERMS CONTAIN 3 VARIABLES
2 TERMS CONTAIN 4 VARIABLES

TOTAL TERMS GENERATED 7.
EXPANSION TOOK .006 SECONDS.

,

,

| * * * * VARIABLE OCCURRENCE TABLE * * * *

NONCOMPLEMENT NUMBER OF COMPLEMENT NUMBER OF
VARIABLE OCCURRENCES VARIABLE OCCURRENCES

X1 2 /X1 1

X2 4
X3 2
X4 3 /X4 2
X5 3
X6 3
X7 1

THERE ARE 9 OlFFERENT VARIABLES IN THE
EQUATION FOR EQN-4

.

TERM PRO 6.

NUMBER OF TERM

EQN 4 *

1 8.1000E-04 X2 * X6 +

2 8.10006 04 X2 * X5 * /X4 +

3 2.1600E 04 X1 * X2 +

4 8.0417E 05 X4 * X5 * X6 * /X1 + ,

5 4.6656E 05 X1 * X3 * /X4 +

6 1.9440E-05 X4 * X6 * X7 +

7 6.4800E 07 X2 * X3 * X4 * X5

THE MAXIMUM TERM VALUE FOR COMPUTATION 1 IS 8.100000000000E 04
(THE SUM OF THE TERM VALUES IS 1.983160800000E 03)

STATEMENT EXECUTION REQUIRED .020 SECONDS FOR COMTRMVAL

The next statement in the SETS user program is a COMTRMVAL call that produces
a disjunctive normal form of the right-side expression of the equation for EQN-4,
computes the term sum for each term in the expression using the values in value
block VB-COSTS, and prints the terms, the term values, and the extreme value.
Terms are printed in order of increasing term sum because parameter INCREASE
occurs in the call. The printed output.for expansion and the Variable Occurrence
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Table produced by this COMTRMVAL call is the same printed output shown for the
previous COMIRMVAL - call. The remainder of the printed output for this
COMTRMVAL call is as follows:

CONTRMVAL (INCREASES SLM, VB COSTS * EON 4).

e

e

e

TERM SUM

NUMBER OF TERM

EQN 4 a

1 9.3000E+00 X2 * X6 +

2 9.3000E+00 X2 * X5 * /X4 +

3 1.6300E+01 X2 * X3 * X4 * X5 +

4 1.6600E+01 X4 * X5 * X6 * /X1 +

5 1.0000E+01 XI * X2 +

6 2.2000E+01 X1 * X3 * /X4 +

7 2.6300E+01 X4 * X6 * X7

THE MINIMUM TERM VALUE FOR COMPUTATION 1 IS 9.300000000000E+00

STATEMENT EXECUTION REQUIRED .021 SECONDS FOR COMTRMVAL

The next statement in the SETS user program is a COMTRMVAL call that contains
- probability truncation value lx10-3. Terms in the disjunctive normal form of the
right-side expression of the equation for EQN-4 having values that exceed the
truncation value are not printed. Since every term in the right-side expression has
a probability value less than the truncation value, no terms are printed. The
printed output produced by this procedure is as follows:

COMTRMVAL (PROBABILITY / 1E-3, V8 PR00S* EQN 4).

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 7.

TERMS GENERATED BY EXPANSION
2 TERMS CONTAIN 2 VARIABLES
3 TERMS CONTAIN 3 VARIABLES
2 TERMS CONTAIN 4 VARIABLES

TOTAL TERMS GENERATED 7.
EXPANSION TOOK .006 SECONDS.

EVERY TERM WAS DELETED BECAUSE OF
TRUNCATION VALUES

STATEMENT EXECUTION REQUIRED .011 SECONDS FOR COMTRMVAL
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The next statement in the SETS user program is a COMTRMVAL call that specifies
four computations: PROBABILITY and MINIMUM are computed using value block
VB-PROBS: and SUM and MAXIMUM are computed using value block VB-COSTS.
The call contains two trur ,ation values. Terms of the right-side expression of the
equation for EQN-4 which have a term probability < 2x10-5 or a term sum > 20 are
deleted. Four of the seven terms in the expression oo not exceed either truncation
value. They are printed in order of decreasing value for the first computation.
The printed output produced by the COMTRMVAL call is as follows:

COMTRMVAL (PR08A81LITY/ 2E 5, VB PROSS, MINIMUM, VB PROSS, SUM / 20,
VB COSTS, MAXIMUM, V8 COSTS * EON-4).

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 7.

TERMS GENERATED BY EXPANSION
2 TERMS CONTAIN 2 VARIABLES
3 TERMS CONTAIN 3 VARIABLES
2 TERMS CONTAIN 4 VARIABLES

TOTAL TERMS GENERATED 7.
EXPANSION TOOK .007 SECONDS.

THERE WERE TERMS DELETED BECAUSE OF
TRUNCATION VALUES

* * * * VARIABLE OCCURRENCE TABLE * * * *

NONCOMPLEMENT NUMBER OF COMPLEMENT NUMBER OF

VARIABLE OCCURRENCES VARIABLE OCCURRENCES

X1 1 /X1 1

X2 3
X4 1 /X4 1

X5 2
X6 2

THERE ARE 7 DIFFERENT VARIABLES IN THE
EQUATION FOR EQN 4

TERM PROB. MINIMUM SUM

NUMBER OF TERM OF TERM OF TERM

EQN 4 =

1 8.1000E 04 2.7000E 02 9.3000E+00 X2 * X6 +

2 8.1000E 04 3.0000E 02 9.3000E+00 X2 * X5 * /X4 +

3 2.1600E 04 7.2000E 031.9000E+01 X1 * X2 +

4 8.0417E 05 2.7000E 02 1.6600E+01 X4 * X5 * X6 * /X1

|
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TERM PRO 8. MAXIMUM

NUMBER OF TERM OF TERM 'I

||
EQN-4 a

1 8.1000E 04 7.3000E+00 X2 * X6 +

2 8.1000E 04 7.3000E+00 X2 * X5 * /X4 + I
-:|

3 2.1600E-04 1.7000E+01 X1 * X2 + .i
'

|

4 8.0417E-05 7.3000E+00 X4 * X5 * X6 * /X1
'

'

THE MAXIMUM TERM VALUE FOR COMPUTATION 1 IS 8.100000000000E 04
(THE SUM OF THE TERM VALUES IS 1.916416800000E 03)

.THE MAXIMUM TERM VALUE FOR COMPUTATION 2 IS 3.000000000000E 02

THE MINIMUM TERM VALUE FOR COMPUTATION 3 IS 9.300000000000E+00

THE MINIMUM TERM VALUE FOR COMPUTATION 4 IS 7.300000000000E+00

STATEMENT EXECUTION REQUIRED .029 SECONOS FOR COMTRMVAL
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4.1.7 Truncate on Term Value

The Truncate on Term Value procedure is used to create a new equation and enter
it into the equation file. This procedure is a special version of the Reduce
Equation procedure. During the expansion step of the reduction process, term
values are computed and terms having values that exceed truncation values
specified in the procedure call are deleted. Pe,rameters in the procedure call
specify what computations to make and which variable values to use in the
computations. (Variable values and the computed term values are all
nonnegative.) In addition, for each computation specified in the procedure call, an
extreme value is determined from the term values for that computation. For
example, suppose the equation file contains the equation

A =B"(C + D *F)+ D"(E+ C"(F +G)).

Also, suppose the value block file contains value block VB1 which contains variable
values:

B=5
C=8
D =2
E=5
F=1
G =8

Execution of procedure call statement

TRNTRMVAL (SUM /12 VBl" A H)

creates the new equation

H =D"(F"(C + B)+ E)

and enters it into the equation file. The right-side expression of the created
equation is produced by reducing a copy of the right-side expression of the
equation for A. During the expansion step of the reduction process, a value is
computed for each term in the expression using the variable values in value block
VBl. For computation type SUM, the term value is the sum of the variable values
for the variables in the term. Terms having a value greater than truncation value
12 are deleted. In the example, terms B"C and D"C"G are deleted because their
values, 13 and 18, respectively, are greater than 12. Remaining terms D"E,
B"D"F, and D"C"F, having values 7, 8, and 11, respectively, are cimplified and
factored to produce the right-side expression for the new equation. The left-side
variable for the new equation is H. The extreme value, which for SUM is the
minimum term value, is determined from the term values and printed in the form:

THE MIMIMUM TERM VALUE FOR COMPUT ATION 1 IS 7.0000E+00
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4

4

Procedure Call
.

A call of the Truncate on Term Value procedure has one of the forms:

a. TRNTRMVAL (qt,vb ,q2,vb . .9s.vbs"t 2
,

(any parameter form of REDUCEQN>).

b. TRNTRMVAL (EXTREME $ gg,vb ,q2,vb . .4s vbs"t 2

(any parameter form of REDUCEQN>).

iEach parameter pair, qk and vb , k=1,2,....s, specifies a computation. Each qk s| k
either ck or ck/lk which contains computation type ck and truncation value I . Ifk
k s present. The corresponding vbk identifies the value block that contains theii ,

'

variable values to be used in the computation specified by qk. At least one
computation must be specified in a TRNTRMVAL call, and no more than ten'

computations can be specified, (1 $ s 110).

! Following the pairs of qk and vbk parameters, a parameter form of the Reduce
Equation procedure must occur. This portion of the parameter part of'

TRNTRMVAL has the same form.

(p t, e2)

i or

'

(pg e2" Og/0 /.~/Om).2

and meaning described in Section 4.1.5, Reduce Equation. Parameter pg specifies
the equation in the equation file that is used to generate the right-side expression ,

for the new equation. Parameter pg is either et or eg/tg which contains left-side
variable et and truncation value t , if tg is present. Truncation value tg must bei
an integer. Parameter e2 s the left-side variable for the new equation.i

Parameter EXTREME causes terms that do not have the extreme value for every
computation specified in a TRNTRMVAL call to be deleted during expansion of the
expression for eg. If parameter EXTREME occurs in a TRNTRMVAL call, it must
be the first parameter in the call.

t

Options, Oj, J=1,2,... m retain all of the meaning that they have in the Reduce
Equation procedure. In addition, the meaning of the except and delete options is
extended to cover term value computations.

Processino Achieved;

The Truncate on Term Value and Reduce Equation procedures achieve similar4

processing. For both procedures, a new equation is created and entered into the4

equation file. Parameter e2 s the left-side variable for the new equation, and thei
right-side expression is created from the right-side expression of an equation in
the equation file. A copy of the right-side expression of the equation for eg, thej

4 left-side variable contained in parameter pg, is reduced and becomes the right-side
<

4

i

! 64 ;

__ _ _ _ _ . - _ - _ _ _ _ _ _ _ _ _ . . . _ . _ . _ _ . _ - - . _ _ _ . _ . _._



TRNTRMVAL

expression for the new equation. A detailed description of the reduction process
appears in Section 4.1.5, Reduce Equation, but the three steps in the process can be
summarized as follows:

1. Expansion

a. Apply DeMorgan's rules to the factored expression.

b. Apply the identities P+ OMEGA = OMEGA, P" OMEGA = P, P"/ OMEGA =
/ OMEGA, and P+/ OMEGA = P to the factored expression produced by
step la.

c. Expand the factored expression produced by step lb by the distributive
law and apply the identitles P"/P = / OMEGA, P"/ OMEGA = / OMEGA,
P+/ OMEGA = P, and P"P = P, to obtain a disjunctive normal form of the
expression.

2. Simplification

Apply the identity P + P"O = P to the disjunctive normal form expression
produced by expansion.

3. Factorization

Factor the disjunctive normal form of the expression produced by
simplification to create a factored form of the expression.

The processing achieved by the Truncate on Term Value and Reduce Equation
procedures differs in the last part of expansion (step Ic). In the Truncate on Term
Value procedure, term values are computed as the expression is expanded into a
disjunctive normal form. For each term in the expression, values are computed for
every computation specified in the TRNTRMVAL call. The values for each term
determine whether or not the term is deleted.

The computations that can be specified in a TRNTRMVAL call are the same
computations that can be specified in a COMTRMVAL call. There are nine
different computations: SUM, PRODUCT, COUNT, DISTINCT-SUM, DISTINCT-
PRODUCT, DISTINCT-COUNT, MAXIMUM, MINIMUM, and PROBABILITY. Each
computation is recognized by a computation type which specifies a rule for
computing term values from variable values. Variable values must be nonnegative
and they are further restricted so each computation is either monotone decreasing
or monotone increasing. A detailed description of the computations is presented in
Section 4.1.6, Compute Term Value.

In a TRNTRMVAL call, parameter EXTREME and the parameters that specify the
computations must be processed before the right-side expression of the specified
equation can be reduced and truncated. As each qk is encountered, the
computation type and truncation value for the k-th computation are determined.
The computation type is specified by ck contained in parameter qk. If truncation
value ik occurs in parameter qk, the truncation value for the k-th computation is
set to I . Otherwise, the truncation value is set in accordance with computationk
type ck so that no truncation will occur. If ck is monotone decreasing, the
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truncation value for the k-th computation is set to 0; and, if ck is monotone
increasing, the truncation value for the k-th computation is set to lx10100,
Truncation values remain fixed at their initial values if parameter EXTREME does !

not occur in the call (form a); but, if EXTREME occurs in the call (form b),
truncation values are updated whenever a better, i.e., closer to the extreme, term
value is obtained.

k s encountered, variable values from value block vbk are established asAs each vb i
the values to be used for the k-th computation.

After the pairs of qk and vbk parameters have been processed a copy of the
right-side expression of the equation for et is obtained from the equation file. If
the equation file does not contain an equation for et, a new equation is not
created; the equation file is not changed; and execution of the TRNTRMVAL callis
terminated. Otherwise, the variables in every value block specified in the call are

; compared to the variables in the expression for et before it is reduced. Except for
' variables that do not need values because they are specified in except or delete

options (see this procedure, Options), each value block must contain a value for
every noncomplement variable that occurs in the expression. Also, for every
complement variable that occurs in the expression, each value block must contain a
value for the corresponding noncomplement variable.

As the copy of the expression for et s expanded by the distributive law, values fori
every computation specified in the TRNTRMVAL call are computed for each term
in the expression. A term is deleted if any of its values exceed the corresponding
truncation value. (A term value exceed the truncation value if, for monotone
decreasing computations, it is less than the truncation value, and, for monotone
increasing computations, it is greater than the truncation value.) If every term
exceeds at least one truncation value, every term will be deleted. Obviously,if the
truncation value for a monotone decreasing computation is greater than the largest
term value or if the truncation value for a monotone increasing computation is less
than the smallest term value, every term in the expression will be deleted. If
every term is deleted, the expression generated is / OMEGA.

The extreme value is determined for each computation specified in a TRNTRMVAL
call. The extreme value for the k-th computation is determined according to
computation type ck. For a monotone decreasing computation, the extreme value
is the maximum value over all term values for the computation; and for a
monotone increasing computation, thJ extreme value is the minimum value over all
term values for the computation.

For computation type PROBABILITY, the sum of the values for the remaining
terms is also computed. This sum is often used as an approximation to the
probability of the expression. If the expression is not reduced prior to the
TRNTRMVAL call, subsuming terms can contribute unnecessarily to the
approximation. Subsuming terms are deleted from the expression during the
reduction process, but term values, extreme values, and the sum of the term values
for PROBABILITY are determined in step Ic of expansion before subsuming terms
are deleted in step 2, simplification.

If parameter EXTREME occurs in a TRNTRMVAL call (form b), terms are deleted
if any of their values exceed the corresponding extreme value. However, extreme4
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3

'

values are not known at the beginning of step Ic of expansion. Rather, they are
3 determined during step Ic as the expression is expanded by the distributive law to
i produce a disjunctive normal form. Extreme values are determined by changing

truncation values for computations specified in the TRNTRMVAL call. A term,

i value that is closer to the extreme value for a computation than the current
| truncation value is a better truncation value for the computation. Whenever a
! term value is computed that is better than the corresponding, current truncation
i value, the truncation value is changed to the better value and all previously

retained terms are deleted. Moreover, if a term that produces an improved
truncation value for a computation does not also have the current truncation value
for every other computation, it too is deleted. Ultimately, the truncation value for
each computation is the extreme value for the computation, and the only terms
retained are terms that have the extreme value for every computation.

Specifying truncation values, I , k=1,2,....s, in a call of TRNTRMVAL whichk
! contains parameter EXTREME can improve the efficiency of finding extreme

valued terms. If i ik s a feasible truncation value for the k-th computation, i.e.,
less than or equal to the maximum term value for a monotone decreasing
computation, or greater than or equal to the minimum term value for a monotone
increasing computation, the extreme values determined will be correct and the

! expression obtained will contain every extreme valued term. However, if ik is
infeasible, the extreme value for the k-th computation will not be determined and
the expression obtained will be / OMEGA. From the printed output for extreme
values, it will appear the extreme value for the k-th computation is I , and no;.e ofk

! the terms of the expression is an extreme valued term. In fact, the value printed
| as the extreme value is not, and the expression may or may not have extreme

valued terms.'

The determination of extreme values can be shown using the expression

B"(D "(E + F "G) + C + E "/H)+1"(/E"(D +/C"H) + C) (4-16)

and variable values:

B=13
C =7

i
D=3
E=4
F=1.

i G=1 :

H=2
I=15 (4-17)

Suppose a TRNTRMVAL call contains parameter EXTREME and specifies
computations SUM and PRODUCT be made for Exp. 4-16 using the values

{ represented in Eqns. 4-17. The determination of extreme values depends on the
order in which terms are produced during expansion. The terms of Exp. 4-16 are
produced in the order shown in Table 4.6. The term values for the two
computations are also shown in Table 4.6.

1

i
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Table 4.6 Terms and Term Values for Exp. 4-16

Term Term Value Term Value
(SUM) (PRODUCT)

1. B"C 20 91
2. 1"C 22 105
3. B"D"E 20 156
4. B"E*/H 17 52
5. 1"/E*D 18 45
6. B"D*F"G 18 39
7. 1"/E*/C"H 17 30

Assume truncation values for SUM and PRODUCT are not specified in the call, so
both of them are set to 1 x 10100. The first term produced by expansion, B"C, has
values, 20 for SUM and 91 for PRODUCT, that are better, i.e., smaller, than the
initial truncation values. The truncation values are changed to the better values,
and the first term, having all of the current truncation values, is retained. None of
the values for the second and third terms is better than the current truncation
values. Moreover, the second and third terms are deleted because they have at
least one value that exceeds the corresponding truncation value.

The fourth term has values that are better,17 for SUM and 52 for PRODUCT, than
the corresponding current truncation values for both computations. Whenever a
better value is determined for either computation, every previously retained term
is deleted. Thus, the truncation values for SUM and PRODUCT are updated to 17
and 52, respectively; the first term is deleted; and the fourth term, having all of
the current truncation values, is retained. None of the remaining terms of Exp.
4-16 has a smaller term value for SUM, and the extreme value for SUM is 17.
However, a better truncation value for PRODUCT is determined on each of the
next three terms produced by expansion.

When the fifth term is produced, it has a better value for PRODUCT and every
previously retained term is deleted. Moreover, the fifth term is deleted because
its value for SUM,18, exceeds the current truncation value for SUM,17. None of
the terms of Exp. 4-16 produced thus far have the current truncation values for
both computations, namely,17 for SUM and 45 for PRODUCT. If Exp. 4-16 had no
more terms, the right-side expression generated by the TRNTRMVAL call for this
example would be / OMEGA. However, Exp. 4-16 has two more terms.

The sixth term of Exp. 4-16 is like the fifth term. It has a better value for
PRODUCT, 39, but it is deleted because it does not have the extreme value for
SUM.

The seventh term is the only term of Exp. 4-16 that has the extreme value for both
computations,17 for SUM and 30 for PRODUCT. Thus, the right-side expression
generated by the TRNTRMVAL call is the single, extreme valued term. I"/E"/C"H.
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Options

The options that can occur in a TRNTRMVAL call have the same form and retain
all of the meaning described in Section 4.1.5, Reduce Equation. In addition, the
meaning of the except complement, except noncomplement, delete complement,
and delete noncomplement options is extended in the Truncate on Term Value
procedure to cover term value computations. Variables specified in these options
do not contribute to term value for any computation specified in a TRNTRMVAL
call. If every variable in a term is in an except or delete option but not all of them
are in a delete option, the term value is the initial value of the term, namely, the
identity element for the computation. If every variable in a term is in a delete
option, the term and, therefore, the expression is OMEGA.

Printed Output

The printed output produced by the Truncate on Term Value and Reduce Equation
procedures is similar. The output produced by the first two parts of expansion
(step la and step lb), simplification (step 2), and Factorization (step 3) is the same
as described in Section 4.1.5, Reduce Equation, Printed Output.

The printed output produced by the last part of expansion (step Ic), begins with the
message that indicates the maximum number of terms that can be generated by
expansion. The number of terms that can be generated is computed at the
beginning of step Ic of expansion. The number of terms that are generated by
expansion differs from the maximum number of terms that can be generated by the
number of terms that are deleted for any reason.

The breakdown of terms with respect to the number of variables per term occurs
next in the printed output. If parameter EXTREME does not occur in the
TRNTRMVAL call (form a), the breakdown of terms is the same as it is for the
Reduce Equation procedure (see Section 4.1.5, Reduce Equation, Printed Output).

If parameter EXTREME occurs in a TRNTRMVAL call (form b), extreme values are
determined for the computations specified in the call during the expansion of the
expression. Whenever a term value is computed that is better than the
corresponding current truncation value, the truncation value is changed to the
better value and a message is printed. For monotone decreasing computations, the
message has the form

THE NEW MAXIMUM TERM VALUE FOR COMPUTATION k IS w

and, for monotone increasing computations, it has the form

THE NEW MINIMUM TERM VALUE FOR COMPUTATION k IS w

where w is the new truncation value for the k-th computation in the call.

Messages showing improvement in truncation values are interspersed among the
messages showing the breakdown of terms generated by expansion. Messages from
the breakdown of terms which occur before the last message indicating an
improved truncation value are irrelevent, because all previously retained terms are
deleted every time an improved truncation value is determined. However,
messages from the breakdown of terms which occur after the last truncation value
message are relevant.
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After the breakdown of terms and the message indicating the total number of
terms generated by expansion are printed, messages about the deletion of terms
are printed. If any terms are deleted because of truncation value t , the messagei

THERE WERE TERMS DELETED BECAUSE OF
THE TRUNCATION VALUE OF tg

is printed. Mcreover, if some, but not all, of the terms that are not deleted for
some other reason are deleted because of truncation values for computations
specified in the TRNTRMVAL call, the message

THERE WERE TERMS DELETED BECAUSE OF
TRUNCATION VALUES

is also printed. If every term not deleted for some other reason is deleted because
of truncation values for computations, the message

EVERY TERM WAS DELETED BECAUSE OF |
TRUNCATION VALUES ,

is printed. If parameter EXTREME occurs in the call, the word TRUNCATION in
the last two messages is changed to EXTREME.

The extreme values for the computations specified in the call are printed after
messages about the deletion of terms. The extreme value for a monotone
decreasing computation is printed in the fctm

THE MAXIMUM TERM VALUE FOR COMPUTATION k IS w

and the extreme value for a monotone increasing computation is printed in the form

THE MINIMUM TERM VALUE FOR COMPUTATION k IS w

where w is the extreme value for the k-th computation in the TRNTRMVAL call.

Consider the printed output produced by expansion for the TRNTRMVAL call used
to generate an expression of the extreme valued terms from Exp. 4-16.

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 7.

TERMS GENERATED BY EXPANSION
THE NEW MINIMUM TERM VALUE FOR COMPUTATION 1 IS 2.0000E +0!
THE NEW MINIMUM TERM VALUE FOR COMPUTATION 2 IS 9.1000E +01

1 TERMS CONTAIN 2 VARIABLES
THE NEW MINIMUM TERM VALUE FOR COMPUTATION 1 IS 1.7000E+01
THE NEW MINIMUM TERM VALUE FOR COMPUTATION 2 IS 5.2000E+01
THE NEW MINIMUM TERM VALUE FOR COMPUT ATION 2 IS 4.5000E+01
THE NEW MINIMUM TERM VALUE FOR COMPUTATION 2 IS 3.9000E+01
THE NEW MINIMUM TERM VALUE FOR COMPUTATION 2 IS 3.0000E +01

1 TERMS CONTAIN 4 VARIABLES
TOTAL TERMS GENERATED 1.
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THERE WERE TERMS DELETED BECAUSE OF
EXTREME VALUES

THE MINIMUM TERM VALUE FOR COMPUTATION 1 IS 1.7000E+01

THE MINIMUM TERM VALUE FOR COMPUTATION 2 IS 3.0000E+01

EXPANSION TOOK .012 SECONDS

Example

Consider SETS user program:

PROGRAMS TRNTRMVAL EX.
RDVAL8LK (V8 COSTS, VB PROBS).
TRNTRMVAL (SUM /12, V8 COSTS * NO EQN, NEW EQN).
PRTEQN (NEW EQN).
EQN 4 m X1*(X2 + X3*/X4) + X4*(X5*(/X1*X6 + X3*X2) +

X6*(X2 + X7)) + X2*(X6 + /X4*X5).
REDUCEQN (EON 4, EQN 4).
COMTRMVAL (PR08A81LITY, VB PROSS, SUM, V8 COSTS * EQN 4).
TRNTRMVAL (SUM /16.5, V8 COSTS * EON 4, EON 4 SUM-TRN).
COMTRMVAL (INCREASES SUM, V8 COSTS * EQN 4 SUM-TRN).
TRNTRMVAL (PR08 ABILITY /2E 5, V8 PR085, SUM /20, V8 COSTS *

EQN 4, EQN 4 SUMPR8 TRN).
COMTRMVAL (PROBABILITY, V8 PR08S, SUM, V8 COSTS * EQN 4 SUMPRB TRN).
TRNTRMVAL (EXTREMES PROBA81LITY, VB PROSS, SUM, V8 COSTS *

EQN 4, EQN 4 EXT).
PRTEQN (EQN 4 EXT).

The first statement in the SETS user program is a RDVALBLK call, which must be
used here to create value blocks for this example. Two value blocks are created
and added to the value block file. They are the same value blocks used in Section
4.1.6, Compute Term Value, Example, and the variables and values contained in the
blocks are shown in Table 4.5 in that section.

The equation file is empty when execution of TRNTRMVAL-EX begins. The
RDVALBLK statement enters value blocks VB-PROBS and VB-COSTS into the
value block file. Then, a TRNTRMVAL call shows the equation file does not
contain an equation for NO-EQN, and a PRTEQN call shows an equation was not
created for NEW-EQN. The printed output produced by these two procedures is as
follows:

.

TRNTRMVAL (SUM / 12, V8 COSTS * NO EQN, NEW EQN).

THERE IS NO EQUATION FOR NO EQN

STATEMENT EXECUTION REQUIRED .003 SECONOS FOR TRNTRMVAL

PRTEQN (NEW EQN).

THERE IS NO EQUATION FOR NEW EQN

STATEMENT EXECUTION REQUIRED .002 SECONDS FOR PRTEQN
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The next statement in the SETS user program is an equation statement that enters
an equation for EQN-4 into the equation file. Then, a call of REDUCEQN
redefines the equation for EQN-4 and deletes subsuming terms from it. There are
eight terms in the disjunctive normal form of EQN-4 produced by expansion and
seven terms are retained by simplification. The printed output produced by the
REDUCEQN cali is unimportant here. The printed output produced by the equation
statement is as follows:

EQN 4 * x1 * ( x2 + X3 * /x4 ) + X4 * ( x5 * ( /X1 * x6 +
1 1 1 2

x3 * x2 ) + x6 * ( x2 + x7 ) ) + x2 * ( x6 + /x4 * x5 )
2 2 21 1 1

STATEMENT EXECUTION REQUIRED .005 SECONDS FOR LDTMPBLK

The next statement in the SETS user program is a COMTRMVAL call that prints
the term values for PROBABILITY and SUM for the seven terms in the equation for
EQN-4. Results obtained by subsequent TRNTRMVAL calls can be compared to
the terms, term values, and extreme values produced by this call of
COMTRMVAL. Part of the printed output produced by the COMTRMVAL callis as
follows:

COMTRMVAL (PR08A8!LITY, V8 PR06S, SUM, V8 COSTS * EQN 4).

e

o

e

TERM PROB. SUM

NUMBER OF TERM OF TERM

EON 4 s

1 8.1000E 04 9.3000E+00 X2 * X6 +

2 8.1000E 04 9.3000E+00 x2 * X5 * /x4 +

3 2.1600E 04 1.9000E+01 x1 * x2 +

4 8.0417E 05 1.6600E+01 x4 * X5 * X6 * /x1 +

5 4.6656E 05 2.2000E+01 x1 * x3 * /x4 +

6 1.9440E 05 2.6300E+01 x4 * x6 * X7 +

7 6.4800E 071.6300E+01 x2 * x3 * x4 * X5

THE MAXIMUM TERM VALUE FOR COMPUTATION 1 IS 8.100000000000E 04
(THE SUM OF THE TERM VALUES IS 1.983160800000E 03)

THE MINIMUM TERM VALUE FOR COMPUTATION 2 IS 9.300000000000E+00

STATEMENT EXECUTION REQUIRED .023 SECONOS FOR COMTRMVAL

4
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The next statement in the SETS user program is a TRNTRMVAL call that creates
an equation for EQN-4 ; SUM-TRN. Values in VB-COSTS are used for computation
SUM to compute term values and delete any term having term sum greater than
16.5. Three of the seven terms in EQN-4 are retained in the right-side expression
of the created equation for EQN-4-SUM-TRN. A COMTRMVAL call shows the
terms in the equation for EQN-4-SUM-TRN and the values for computation SUM.
The printed output produced by the TRNTRMVAL call and part of the printed
output produced by the COMTRMVAL call is as follows:

TRNTRMVAL (SUM / 16.5, V8 COSTS * EON 4, EQN 4 SUM TRW).

THE MAxlMUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 7.

TERMS GENERATED BY EXPANSION
1 TERMS CONTAIN 2 VARIABLES
1 TERMS CONTAIN 3 VARIABLES
1 TERMS CONTAIN 4 VARIABLES

TOTAL TERMS GENERATED 3.

THERE WERE TERMS DELETED BECAUSE OF
TRUNCATION VALUES

.NE MINIMUM TERM VALUE FOR COMPUTATION 1 IS 9.300000000000E+00

EXPANSION TOOK .008 SECONDS.

TERMS RETAINED BY SIMPLIFICATION
1 TERMS CONTAIN 2 VARIABLES
1 TERMS CONTAIN 3 VARIABLES
1 TERMS CONTAIN 4 VARIABLES

TOTAL TERMS RETAINED 3.
$1MPLIFICATION TOOK .003 SECONDS.

FACTONIZATION TOOK .006 SECONDS.

STATEMENT EXECUTION REQUIRED .020 SECONDS FOR TRNTRMVAL

COMTRMVAL (INCREASES SUM, V8 COSTS * EQN 4 SUM TRN).

e

e

e

TERM SUM
NUM8ER OF TERM

EQN 4 SUM TRN =

1 9.3000E+00 x2 * x6 +

2 9.3000E+00 x2 * x5 * /x4 +

3 1.6300E+01 X2 * x3 * x4 * x5

THE MINIMUM TERM VALUE FOR COPPUTATION 1 IS 9.300000000000E+00

STATEMENT EXECUTION REQUIRED .018 SECONDS FOR CONTRMVAL

,
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The next statement in the SETS user program is a TRNTRMVAL call that creates
an equation for EQN-4-SUMPRB-TRN. The call specifies computations
PROBABILITY and SUM using value blocks VB-PROBS and VB-COSTS,
respectively, and contains two truncation values. The right-side expression for the
new equation contains every term of the right-side expression of the equation for
EQN-4 that has term probability 12x10-5 and term sum 5 20. Four of the seven
terms of EQN-4 are retained. A call of COMTRMVAL shows the four terms of the
created equation and the probability and sum for each of them. The printed output
produced by the TRNTRMVAL call and part of the printed output produced by the
COMTRMVAL call is as follows:
TRNTRMVAL (PROBABILITY / 2E 5, VB PROBS, SUM / 20, V8 COSTS * EQN 4,

EQN 4 SUMPPB TRN).

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 7.

|

I

TERMS GENERATED BY EXPANSION
2 TERMS CONTAIN 2 VARIABLES '

1 TERMS CONTAIN 3 VARIABLES
1 TERMS CONTAIN 4 VARIABLES ,

TOTAL TERMS GENERATED 4.

THERE WERE TERMS DELETED BECAUSE OF
TRUNCATION VALUES

THE MAXIMUM TERM VALUE FOR COMPUTATION 1 IS 8.100000000000E-04
(THE SUM OF THE TERM VALUES IS 1.916416800000E 03)

THE MINIMUM TERM VALUE FOR COMPUTATION 2 15 9.300000000000E+00

EXPANSION T000 .008 SECONDS.

TERMS FITAINED BY SIMPLIFICATION
; TERMS CONTAIN 2 VARIABLES
* TERMS CONTAIN 3 VARIABLES
1 TERMS CONTAIN 4 VARIABLES

TOTAL TERMS RETAINED 4.
SIMPLIFICATION TOOK .002 SECONDS.

FACTORIZATION TOOK .006 SECONDS.

STATEMENT EXECUTION REQUIRED .023 SECONOS FOR TRNTRMVAL

COMTRMVAL (PR00481LITY, VB PROBS, SUM, V8 COSTS * EQN 4 SUMPRB TRN).

e

o

e
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TERM PROS. SUM

NUMBER OF TERM OF TERM

EQN 4-SUMPRB-TRN =

1 8.1000E 04 9.3000E+00 X2 * X6 +

2 8.1000E 04 9.3000E+00 y2 * X5 * /X4 +

3 2.1600E 04 1.9000E+01 X1 * X2 +

4 8.0417E 05 1.6600E+01 X4 * X5 * X6 * /X1

THE MAXIMUM TERM VALUE FOR COMPUTATION 1 IS 8.100000000000E 04
(THE SUM OF THE TERM VALUES IS 1.91641680000CE-03)

THE MINIMUM TERM VALUE FOR COMPUTATION 2 IS 9.300000000000E+00

STATEMENT EXECUTION REQUIRED .020 SECONDS FOR COMTEMVAL

The next statement in the SETS user program is a TRNTRMVAL call which
contains parameter EXTREME and creates an equation for EQN-4-EXT.
Computations PROBABILITY and SUM are specified in the call. Two terms of
EQN-4 have the extreme values for both computations. The extreme value
determined for PROBABILITY using values from VB-PROBS is 8.1 x 10-4, and the
extreme value determined for SUM using values from VB-COSTS is 9.3. A
PRTEQN call shows the two terms in the right-side expression of the equation for
EQN-4-EXT. The printed output produced by these two procedures is as followS:
TRNTRMVAL (EXTREMES PR08 ABILITY, VB PROSS, SUM, V8 COSTS * EQN 4,

EON 4 EXT).

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
* GENERATED BY EXPANSION IS 7.

TERMS GENERATED BY EXPANSION
THE NEW MAXIMUM TERM VALUE FOR COMPUTATION 1 IS 8.100000000000E 04
THE NEW MINIHUM TERM VALUE FOR COMPUTATION 2 IS 9.300000000000E+00

1 TERMS CONTAIN 2 VARIABLES
1 TERMS CONTAIN 3 VARIABLES

TOTAL TERMS GENERATED 2.

THERE WERE TERMS DELETED BECAUSE OF
EXTREME VALUES

THE MAXIMUM IERM VALUE FOR COMPUTATION 1 IS 8.100000000000E 04
(THE SUM OF THE TERM VALUES IS 1.620000000000E 03)

THE MINIMUM TERM VALUE FOR COMPUTATION 2 IS 9.300000000000E+00

EXPANSION TOOK .007 SECONOS.

TERMS RETAINED BY SIMPLIFICATION
1 TERMS CONTAIN 2 VARIABLES
1 TERMS CONTAIN 3 VARIABLES

TOTAL TERMS RETAINED 2.
SIMPLIFICATION TOOK .001 SECONDS.

FACTORIZATION TOOK .002 SECONOS.

STATEMENT EXECUTION REQUIRED .017 SECONOS FOR TRNTRMVAL

PRTEQN (EQN 4 EXT).

EQN 4 EXT = X2 * ( X5 * /X4 + X6 )
1 1

STATEMENT EXECUTION REQUIRED .002 SECONOS FOR PRTEQN
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4.1.8 Delete Term

The Delete Term procedure is used to create a new equation and enter it into the
equation file. Parameters in the procedure call specify two equations in the
equation file that are used to generate the new equation. Ccpies of the right-side
expressions of the two equations are expanded into disjunctive normal forms, and
terms in the first expression that subsume terms in the second expression are
deleted from the first expression. Remaining terms of the first expression are
simplified and factored to produce the right-side expression for the new equation.
The left-side variable for the new equation occurs as a parameter in the procedure
call. For example, suppose the equation file contains equations

A =C"D +E"(C +D"F),

B=F "(C + E).

Execution of procedure call statement

DLTRM (A, B, G)

creates the equation

C =C"(D +E)

and enters it into the equation file. Copies of the right-side expressions for A and
B are expanded into disjunctive normal forms

C"D + E"C + E"D"F

and

F "C + F"E,

respectively. The term E"D"F is deleted from the expression for A because it
subsumes term F"E in the expression for B. Remaining terms of the expression for
A, C"D and E"C, do not'need simplification, but they are factored to produce the
right-side expression for the new equation. The left-side variable for the new
equation is G.

The uses of the Delete Term procedure may not be as obvious as the uses of the
other procedures described in this manual. One use of the procedure is to delete
terms from an expression which contain particular products of variables. Ir. the
example above, the exproccion obtained for G is comprised of terms of the
expression for A that do not contain products of variables F"C or F"E, i.e., terms
of the expression for B.

Another use of the Delete Term procedure is to obtain an approximation to a
product of expressions of a particular form. Given expressions for A and B in the
example above, the expression obtained for G is an approximation to the product
A"/B which satisfies A"/B $ G $ A. The use of this approximation in accident
sequence analysis is described in References 8 and 10, and the mathematical basis
for the approximation is described in References 24 and 25.
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Procedure Call

A call of the Delete Term procedure has the form:

DLTRM (p t, p2, e3).

Parameters pg, p2, and e3 are required in the procedure call. Parameters, pi,
!=1,2, specify the two equations used to generate the right-side expression for the

/t which contains left-side variable e;new equation. Parameter p is either e or ei t
and truncation value t , if tj is present. Truncation value t must be an integer.i
Parameter e3 s the left-side variable for the new equation. Variables eg .ind e2i
contained in parameters pt and p2, respectively, can be the same variable.
Moreover, either one or both of them can be the same as variable e3

Processina Achieved

if the equation file does not contain equations for et and e2, an equation is not
created and the equation file is not changed.

If the equation file contains equations for ei and e2, an equation is created and
entered into the equation file. Parameter e3 s the left-side variable for the newi
equation. The equation for e3 s entered into the equation file after copies of thei
expressions for el and e2 have been used to generate the right-side expression for
the new equation. Thus, if e3 s the same as ei or e2 the equation for e3 replacesi
one or both of the equations in the equation file that were used to generate the
expression for e3 ,

The right-side expressions of the equations for eg and e2, or truncated versions of
them, are used to create the right-side expression for the new equation. Copies of
the expressions for ei and e2 are expanded and possibly truncated to obtain
disjunctive normal form expressions for pg and p2. Then, terms in the expression
for pi that subsume terms in the expression for p2 are deleted from the expression
for pl. Remaining terms of the expression for p1 are simplified, by deleting
subsuming terms, and factored to produce the right-side expression for the new
equation.

If subsuming terms occur in the expression for pt, they are not retained in the final
expression even if terms are deleted from the expression for p[ prior to
simplification. Such terms are deleted either because they subsume a term in the
expression for p2, or because they subsume a term in the expression for pg.

The right-side expression obtained by a DLTRM call depends on the disjunctive
normal form expressions for pi and p2. Equivalent but different disjunctive normal
form expressions for pl or p2 can produce different right-side expressions for the
new equation. The potential to produce different expressions does not exist unless
at least one of the equivalent expressions for pg or p2 contains complement
variables--and many applications do not involve complement variables. However,
to illustrate that different results can be obtained, consider expression

A"C + C"D + A"B"D (4-18)

for et, and expression

A"B + /B"C (4-19)
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for e2. Deleting terms from Exp. 4-18 that subsume terms in Exp. 4-19 produces
the expression

A"C + C"D. (4-20)

However, suppose Exp. 4-19 had been represented as the sum of its prime
implicants

A"B + /B"C + A"C. (4-21)

Deleting terms from Exp. 4-18 that subsume terms in Exp. 4-21 produces the
expression

C"D. (4-22)

Expressions 4-19 and 4-21 for e2 are different but they are equivalent. Using each
of these expressions to delete terms from Exp. 4-18 produces Exps. 4-20 and 4-22,
respectively. These expressions are not only different, they are also not equivalent
unless A"C $ C"D. A similar result can be shown using a single expression for p2
and choosing different, equivalent expressions for pt. The delete term process and
the results that it produces are described in detail in Reference 25.

Deleting all of the terms of a disjunctive normal form expression produces the
constant / OMEGA. This can happen when truncating ei o form pi or when deletingt

terms from the expression for pi that subsume some term in the expression for p2-
1Also, expressions for pg or p2 can be constants, i.e., OMEGA or / OMEGA. The
!results produced by the Delete Term procedure for all combinations of constant i

and nonconstant expressions for pi and p2 are shown in Table 4.7. The result
obtained by deleting terms from a nonconstant expression for p1 s represented byi
u in the table.

Table 4.7 Results of DLTRM (pt, p2, e3)

pi p2 New Equation

/ OMEGA / OMEGA e3=/ OMEGA
/ OMEGA nonconstant e3=/ OMEGA
/ OMEGA OMEGA e3=/ OMEGA

nonconstant / OMEGA e3=u (u E pg)
nonconstant nonconstant e3=u
nonconstant OMEGA e3=/ OMEGA

OMEGA / OMEGA e3= OMEGA
OMEGA nonconstant e3= OMEGA
OMEGA OMEGA e3=/ OMEGA
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Printed Output

Some printed output is produced even if the equation file does not contain
equations for eg and e2 and an equation for e3 is not created. If there is no
equation for eg, the message

THERE IS NO EQUATION FOR et

is printed, and then execution of the DLTRM call is terminated. If there is an
equation for ei but not for e2, the right-side expression for e1 is expanded into a
disjunctive normal form before it is known that the equation file does not contain
an equation for e2 Thus, the printed output for expansion of et occurs; the1

message

THERE IS NO EQUATION FOR e2

is printed; and then execution of DLTRM is terminated.

The printed output produced by the execution of a DLTRM call which creates an
equation for e3 s similar to the output produced by the reduction process describedi
in Section 4.1.5, Reduce Equation. The only difference is an additional message
printed between the output for expansion and simplification.

The output begins with the printed output produced by expansion of the right-side
expression of the equation for e1. (Expansion of the right-side expression of the
equation for e2 does not produce any printed output.) Then, one of three messages
is orinted. The messages

NONE OF THE TERMS WERE DELETED
,

ALL OF THE TERMS WERE DELETED

THERE WERE w TERMS DELETED

indicate how many of the terms in the expression for pg were deleted because they
subsumed terms in the expression for p2. In the final message, w is the number of
terms deleted.

The printed output produced by simpilfication and factorization of the terms of the
expression for pg that remain is the same as it is in the reduction process.

.

n
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Example

Consider SETS user program:

PROGRAMS DLTRM-EX.
EQN 2 = (x1 + x4*x5 + X6)*(x2 + /x2*x5)*(X3 + X2*x4).
REDUCEQN (EON-2, EQN 2).
DLTRM (No EQN, EQN 2,1RST NEW EON).
DLTRM (EQN 2, NO-EQN, 2ND NEW EQN).
PRTEQN (IRST NEW EQN, 2NO NEW EQN).
DLT 1 = X1*x6.
DLT 2 = X3 + X2*x4.
DLT-3 = X3*(x1 + M6).
PRTEQNDNF (EON 2, DLT-1, DLT 2, DLT-3).
DLTRM (EON 2, DLT-1, EQN 2 DLT 1). ,

PRTEQNDNF (EQN 2 DLT 1).
DLTRM (EON 2, DLT 2, EQN 2 DLT-2).
PRTEQN (EON 2 DLT 2).
DLTRM (EQN 2, DLT 3, EQN-2 DLT-3).
PRTEQNDNF (EQN 2 DLT 3).

The equation file is empty when execution of DLTRM-EX begins. The first
statement in the SETS user program is an equation statement that enters an
equation for EQN-2 into the equation file. A REDUCEQN call redefines the
equation for EQN-2 so that it does not contain subsuming terms. Then, two
DLTRM calls show the equation file does not contain an equation for NO-EQN,
first when NO-EQN occurs as parameter pg 'and then when it occurs as parameter
p2. A PRTEQN call shows an equation was not created for either IRST-NEW-EQN
or 2ND-NEW-EQN. The printed output produced by the two DLTRM calls and the
PRTEQN call is as follows:

DLTRM (N0-EQN, EQN 2, 1RST NEW EQN).

THERE IS NO EQUATION FOR NO EQN

STATEMENT EXECUTION REQUIRED .001 SECONDS FOR DLTRM

DLTRM (EQN 2, NO EQN, 2ND NEW EQN).

THE max! MUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 8.

TERMS GENERATED BY EXPANSION
5 TERMS CONTAIN 3 VARIABLES
3 TERMS CONTAIN 4 VARIABLES

TOTAL TERMS GENERATED 8.
EXPANSION TOOK .006 SECONDS.

1 THERE IS NO EQUATION FOR NO EON

STATEMENT EXECUTION REQUIRED .007 SECONDS FOR DLTRM

PRTEQN (1RST NEW EQN, 2ND NEW EQN).

THERE IS NO EQUATION FOR 1RST NEW EQN

THERE IS NO EQUATION FOR 2ND NEW EQN

STATEMENT EXECUTION REQUIRED .002 SECONDS FOR PRTEQN
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The next three statements in the SETS user program are equation statements that
enter equations for DLT-1, DLT-2, and DLT-3 into the equation file. A
PRTEQNDNF call shows the terms of EQN-2 and the three equations that will be>

used to delete terms from EQN-2. Part of the printed output produced by the
PRTEQNDNF call is as follows:

PRTEONDNF (EON 2, DLT 1, DLT 2, DLT 3).
e

e

*
.

TERM NUMBER OF
NUMBER VARIABLES

EON 2 =

1 3 x6 * x2 * x3 +;

2 3 x1 * x2 * X3 +

3 3 X4 * x6 * X2 +
|

4 3 X4 * X5 * x2 +

5 3 x1 * x4 * x2 +

6 4 X5 * X6 * X3 * /x2 +

7 4 x4 * X5 * x3 * /x2 +
!
'

8 4 x1 * X5 * X3 * r.2

e

e

e

TERM NUMBER OF
[ NUMBER VARIABLES

i
i DLT 1 =
!

1 2 x1 * x6

e

e

I
e

TERM NUMBER OF
'

i NUMBER VARIABLES

DLT 2 =
,

1 1 x3 +

2 2 X4 * X2
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.

e

e

TERM NUMBER OF
NUMBER VARIABLES

DLT 3 =

1 2 x1 * x3 +

2 2 x6 * x3

STATEMENT EXECUTION REQUIRED .046 SECONDS FOR PRTEQNONF

The next statement in the SETS user program is a cali of DLTRM that creates an
equation for EQN-2-DLT-1. None of the terms in the right-side expression of the
equation for EQN-2 subsume the single term, XI"X6, in the right-side expression
of the equation for DLT-1. Thus, no term is deleted from the expression for
EQN-2 and the right-side expression for the new equation is the same as the
right-side expression for EQN-2. A PRTEQNDNF call shows the eight terms in the
rightside expression of the equation for EQN-2-DLT-1. The printed output
produced by the call of PRTEQNDNF is not shown because the eight terms printed
are the same as those for EQN-2 which were shown previously. The printed outpz
produced by the cali of DLTRM is as follows:

DLTRM (EON 2, DLT 1, EON 2 DLial).

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 8.

TERMS GENERATED BY EXPANSION
5 TERMS CONTA;N 3 VARIABLES
3 TERMS CONTAIN 4 VARIABLES

TOTAL TERMS GENERATED 8.
EXPANSION TOOK .007 SECONDS.

NONE OF THE TERMS WERE DELETED

TERMS RETAINED BY SIMPLIFICATION
5 TERMS CONTAIN 3 VARIABLES
3 TERMS CONTAIN 4 VARIABLES

TOTAL TERMS RETAINED 8.
SIMPLIFICATION TOOK .002 SECONDS.

FACTORIZATION TOOK .019 SECONDS.

STATEMENT EXECUTION REQUIRED .038 SECONDS FOR DLTRM

The next statement in the SETS user program is a cali of DLTRM that creates an
equation for EQN-2-DLT-2. Every term in the right-side expression of the
equation for EQN-2 subsumes one of the two terms, X3 or X2"X4,in the right-side
expression of the equation for DLT-2. A call of PRTEQN shows the right-side
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expression of the new equation is / OMEGA. The printed output produced by these
two procedures is as follows:

DLTRM (EQN 2, DLT 2, EcN 2 DLT 2).

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 8.

TERMS GENERATED BY EXPANSION
'

5 TERMS CONTAIN 3 VARIABLES
3 TERMS CONTAIN 4 VARIABLES

TOTAL TERMS GENERATED 8.
EXPAN$10N TOOK .005 SECONDS.

ALL OF THE TERMS WERE DELETED

STATEMENT EXECUTION REQUIRED .016 SECONDS FOR DLTRM

PRTEQN (ECN 2 DLT 2).
,

ECN-2 DLT 2 = /0MEGA

STATEMENT EXECUTION REQUIRED .002 SECONDS FOR PRTECN

The next statement in the SETS user program is a call of DLTRM that creates an
equation for EQN-2-DLT-3. Four of the eight terms in the right-side expression
of the equation for EQN-2 subsume a term in the right-side expression of the
equation for DLT-3. A PRTEQNDNF call shows the four terms in the right-side
expression of the new equation. The printed output produced by the DLTRM call
and part of the output produced by the PRTEQNDNF call is as follows:

DLTRM (EQN 2, DLT 3, EQN 2 DLT 3).

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
GENERATED BY EXPANSION IS 8.

TERMS GENERATED BY EXPANSION
5 TERMS CONTAIN 3 VARIABLES
3 TERMS CONTAIN 4 VARIABLES

TOTAL TERMS GENERATED 8.
EXPANSION TOOK .006 SECONDS.

THERE WERE 4 TERMS DELETED

TERMS RETAINED BY SIMPLIFICATION
3 TERMS CONTAIN 3 VARIABLES
1 TERMS CONTAIN 4 VARIABLES

TOTAL TERMS RETAINED 4.
$1MPLIFICATION TOOK .002 SECONDS.

FACTORIZATION TOOK .006 SECONDS.

STATEMENT EXECUTION REQUIRED .024 SECONDS FOR DLTRM

PRTEQNDNF (EQN 2 DLT 3).

e

o

e

4
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TERM NUMBER OF
NUMBER VARIABLES

EON 2 DLT+3 =

1 3 x4 * x6 * x2 +

2 3 x4 * x5 * x2 +

3 3 x1 * x4 * x2 +

4 4 x4 * x5 * x3 * /x2

STATEMENT EXECUTION REQUIRED .015 SECONOS FOR PRTEQNDNF

|

.
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4.1.9 Write Equation in Disjunctive Normal Form
'

The Write Equation in Disjunctive Normal Form procedure is used to add an
,

equation to the interface file. The right-side expressions of equations added to the|

interface file are represented in a disjunctive normal form. Parameters in the call
specify equations in the equation file to be added to the interface file. For
example, suppose the equation file contains the equation

;

A.:B + C.

Execution of procedure call statement

WRTEQNDNF (A)

causes the right-side expression of the equation for A to be expanded into a
disjunctive normal form. Then, the equation for A is added to the interface file

!and the message
:

: WRITE THE EQUATION FOR A

| Is printed.

The interface file is used as an input file for other computer programs. In
particular, equations produced by SETS user programs can become input to two
expression evaluation programs, the Set Evaluation Program (SEP) (Ref. 22) and'

| IMPORTANCE (Ref. 23).

Procedure Call

A call of the Write Equation in Disjunctive Normal Form procedure has the form:;

; !
; ' WRTEQNDNF (e t,e2,....e )-n

| Parameters, ei, !=1,2,....n, specify equations to be added to the interface file.
1

Processina Achieved
4

If the equation file does not contain an equation for ei, the interface file is not :
,

changed.
i
' If the equation file contains an equation for ej, the equation is added tu the

interface file. The right-side expression is expanded into a disjunctive normal,

' form before the equation is added to the file.

Printed Output
.

If the equation file does not contain an equation for et, the message ;

! THERE IS NO EQUAT!ON F OR e}
!'

| 1s printed, and processing continues with the next parameter. If the equation file
.

A
I
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contains an equation for ei, the equation is added to the interface file: and the
message

WRITE THE EQUATION FOR ei
,

is r,cInted. Processing then continues with the next parameter.

Example

Consider SETS user program:
'

PROGRAM $ WRTEQNONF Ex.

EON 1 = /(/X1 + x2*0MEGA)*(x3 + /x1 + x4*(x1 + x5'(x2 + /x3))).
EON 2 = (x1 + X4*x5 + x6)*(x2 + /x2*x5)*(x3 + x2*x4). |

WRTEQNDNF (N0 EON, EQN 1, EON 2).

The equation file and the interface file are empty when execution of
WRTEQNDNF-EX begins. The first two statements in the SETS user program are j

equation statements that enter equations for EON-1 and EQN-2 into the equation
file. The next statement is a call of WRTEQNDNF that shows the equation file
does not contain an equation for NO-EQN, and then adds the equations for EQN-1
and EQN-2 to the interface file. The printed output produced by the two equation
statements is not important here. It is sufficient to know that the equation file
contains equations for EON-1 and EQN-2. The printed output produced by the call
of WRTEQNDNF is as follows:

WRTEQNONF (N0 EQN, EON 1, EQN 2).

THERE IS NO EQUATION FOR NO EQN

WRITE THE EQUAi!ON FOR EQN 1

WRITE THE EQUATION FOR EQN 2

STATENENT EXECUTION REQUIRED .020 SECONOS FOR WRTEQNONF

!

j

1

i
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4.2 Block Procedures

Procedures that process blocks do not use or change the value block file.
Interactions between block procedures and the equation file and block file are
shown in Figure 4.3

/=/

RD8LK

BLOCK EQUATION
FILE FILE

LDBLK
_

FRMBLK

DLTSLK

PRT8LK

BLKSTAT

o ,

PRINTER
OUTPUT

.

Figure 4.3 Interactions of block procedures with the equation file and block file.

Three of the six procedures used to process blocks change the block file.
Procedures RDBLK and FRMBLK enter blocks into the block file. Blocks entered
by RDBLK are read from the input file. Blocks entered by FRMBLK are created
from equations in the equation file, but the equation file is not changed. A SETS
user program error occurs if the name of a new block is the same as the name of a
block in the block file (see APPENDIX A. Section 3.3, Numbered Errors, error 60).
Procedure DLTBLK deletes blocks from the block file.

Procedure PRTBLK prints the contents of blocks stored in the block file; procedure
BLKSTAT lists blocks stored in the block file: and procedure LDBLK loads
equations from blocks in the block file into the equation file. Loading equations
from a block into the equation file changes the equation file but it does not change
the block file.

4
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4.2.1 Read Block

The Read Block procedure is used to read equation blocks from the input file and
enter them into the block file. Parameters in the call specify the blocks to be
read. As the equations of a block are read, they are checked to determine if they
are well-defined. If they are well-defined, the block is added to the block file.
For example, suppose the input file contains equation block BLK-1 in the form:

I BLOCK $ BLK-1.
A=B+C.
B =C"(D + E).

Execution of procedure call statement

RDBLK (BLK-1)

reads block BLK-1 from the input file. The name in the header is compared to the
parameter in the call to verify that they are the same. The equations for A and B
are read and checked. Since both equations are well-defined, block BLK-1 is
entered into the block file; and the message

EQUATION BLOCK BLK-1
HAS BEEN ADDED TO THE BLOCK FILE

,

: is printed. Equation block BLK-1 contains two equations: the equation for A and
4 the equation for B.

Procedure Call

A call of the Read Block procedure has the form:
>

1 RDBLK (eb .eb ,....ebn)-t 2
1

| Parameters ebj. i=1,2,....n, specify equation blocks to be read from the input file.
There must be at least one block to be read (1 $ 1).

Processino Achieved

An equation block is a collection of one or more Boolean equations. Its input.

representation begins with a header of the form

BLOCK $ eb.

where eb is the name of the equation block. Boolean equations follow the header.
The equations can occur in any order, but each one must be terminated by a period

,

(.). A SETS user program error occurs if there is a header but no equations (see
*

1

APPENDIX A, Section 3.3, Numbered Errors, error 11).
,

Parameters eb , !=1,2,... n, are processed one at a time from left to right. As eachieb is encountered, the next information in the input file is read and processed.
tThe header must occur first, and the name in the header, eb, and parameter ebt

i must be the same.
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After the header is read and checked, the equations are read one at a time. Each
equation is checked to determine if it is well-defined. If there are no errors in the
equations, the block is entered into the block file. It has the name from the header
and contains all of the equations that follow the header and precede the next
end-of-record mark in the input file.

A SETS user program error occurs if the block file already contains a block with
the same name as a block that is read (see APPENDIX A, Section 3.3, Numbered
Errors, error 60).

Printed Output

As the input representation of equation block ebj is read, it is also printed and
becomes part of the output produced by RDBLK. After the block is read, checked
for errors, and added to the block file; the message

EQUATION BLOCK ebj
HAS BEEN ADDED TO THE BLOCK FILE

is printed.

Example

Consider SETS user program:

PROGRAMS RDBLK Ex.
OLTBLK.
BLKSTAT.
RDBLK (MODEL 1, M00EL 2, M00EL-3).
BLKSTAT.

The first statement in the SETS user program is a call of DLTBLK which initializes
the block file and ensures it is empty. The second statement is a call of BLKSTAT
which shows the block file is empty. The printed output produced by the BLKSTAT
call is as follows:

BLKSTAT.

THE BLOCK FILE IS EMPTY

$iATEMENT EXECUfl0N REQUIRED .002 SECONOS FOR BLKSTAT

The third statement in the SETS user program is a call of RDBLK that reads
equation blocks MODEL-1, MODEL-2, and MODEL-3 and enters them into the
block file. Blocks MODEL-1 and MODEL-2 each have three equations and
MODEL-3 has one equation. The printed output produced by the RDBLK call is as
follows:

RDBLK (M00EL 1, M00EL 2, M00EL 3).

BLOCK $ N00EL 1.
X1 = Y1*(J1 + K1).
Y1 = 21 + J1.
Z1 = L1 + /(M1 + N1).

EQUATION BLOCK M@EL 1
HAS BEEN ADDED TO THE BLOCK FILE
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BLOCKS M00EL 2.
x2 = Y2*(J2 + /K2).
Y2 = 22 + L2.
22 = J2*/(K2 + L2).

EQUAll0N BLOCK MODEL 2
HAS BEEN ADDED TO THE BLOCK FILE

BLOCKS M00EL 3.
x3 = J3*/(K3 + L3*(M3 + /K3*N3) + /L3*N3).

EQUATION BLOCK M00EL 3
HAS BEEN ADDED TO THE BLOCK FILE

STATEMENT EXECUTION REQUIRED .035 SECONOS FOR RDBLK

lhe last statement in RDBLK-EX is another call of BLKSTAT which shows
equation blocks MODEL-1, MODEL-2, and MODEL-3 are in the block file. lhe
output produced by this BLKSTAT call is as follows:

BLKSTAT.

THE BLOCK FILE CONTAINS THE FOLLOWING BLOCKS 1. M00EL 1
2. M00EL 2
3. M00EL 3

STATEMENT EXECUTION REQUIRED .011 SECONOS FOR ELKSTAT
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4.2.2 Print Block

The Print Block procedure is used to print blocks stored in the block file.
Parameters in the call specify the blocks to be printed. To print a block means to
print all of the equations in the block and,if the block is a fault tree block, to print
a Fault Tree Event Table. The table is printed before the equations are printed. It
lists each fault tree event and shows its type, its rank, and its inputs and outputs.
Block equations are printed in factored form. For example, suppose the block file
contains equation block BLK-1 which contains equations:

A=B+C
B = C"(D + E)

| Execution of procedure call statement

i

PRTBLK (BLK-1)

causes the equations from block BLK-1 to be printed in the form:

" " * * BLOCK EQUATIONS " " " "
(BLK-1 )

A=B+C

B = C "( D + E )
1 1

Procedure Call

A call of the Print Block procedure has the form:

PRTBLK (b ,b ,... bn)-l 2

Parameters b , !=1,2,....n specify blocks to be printed. There must be at least one
block to be printed, (1 $ 1).

Processino Achieved

Does not apply.

Printed Output

if the block file does not contain a block for parameter b[, a SETS user program
error occurs (see APPENDIX A. Section 3.3, Numbered Errors, error 37).

If the block file contains a block for parameter b[ It is either an equation block or
a fault tree block. (Fault trees are described in Section 4.4, Fault Tree
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Procedures.) If b} is a fault tree block, a Fault Tree Event Table is printed before
the equations are printed. A title of the form

" " " " FAULT TREE EVENT T ABLE " " " "
(bi )

is printed first. The table contains the name and type of every event in the fault
tree. It also shows how many inputs and outputs each event has (rank), and lists
their names. In the table, event numbers begin with 2. (In SETS, the number I is !

Ireserved for the constant OMEGA; and, even though OMEGA cannot occur in a
fault tree, its number cannot be assigned to another event.) Consequently, the '

fault tree has one less event than the number of the final event in the table.

The order of events in the table is unimportant. Events appear in the order that
they are encountered when the fault tree is read (see Section 4.4.1, Read Fault
Tree), or in the order determined when several fault trees are merged into one

'

fault tree (see Section 4.4.2, Form New Fault Tree).

A Fault Tree Event Table also shows four indicators used by the Fault Tree
Drawing (F TD) program (Ref. 26) and, if there is one, the prefix for each event

Prefixes and two of the FID Indicators, Generated Set (GS) and Similar iname.
Output (SO), do not appear unless the fault tree contains similar trees. The

~

remaining two FTD lndicators are slightly more useful. The Plot Separate Tree
(PST) indi ator identifies intermediate events that are not single-output events.
The Plot Transfer (PT) indicator identifies multiple-output intermediate events. {

For example, an event having a PST indicator and no PT indicator is a top event of i

the fault tree because it has no outputs.
|

Consider fault tree EVNT-TBL-FT as shown in Figure 4.4. The Fault Tree Event
Table produced by a call of PRTBLK for EVN1-TBl.-FT is shown in Figure 4.5.

ci
'

G4
_

_

5
Figure 4.4 Fault tree EVN1-TBL-FT.

%
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" " " " FAULT TREE EVENT TABLE * " " "
(EVNT-TBL-F T )

P
GSSP

EVENT NAME TYPE RANK RELATIONSHIPS PREFIX SOTT

2 G1 AG 2 IN , G2 X
IN , G3

3 G2 OG 2 IN ,A
OUT, G1

4 G3 OG 4 IN ,B XX
! IN ,C

OUT, GI
OUT, G4

5 A DE 2 OUT, G2
1 OUT, G4

6 B BE 1 OUT,G3
,

| 7 C EE 1 OUT, G3

8 G4 OG 2 IN , G3 X
IN ,A

:

Figure 4.5 Fault Tree Event Table for fault tree EVNT-TBL-FT.
<

'
For equation blocks and fault tree blocks, the equations from block bg are printed

1 following a title of the form:

* * * " BLOCK EQUATIONS " " " "
(bg )

Each equation is printed in factored form as described in Section 4.1.1, Print
Equation. Operators AND, OR, and NOT are represented by ", +, and /, |
respectively; and an integer is printed below each parenthesis to aid in matching
parentheses in complex expressions.

1

I
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Example

Consider SETS user program:

PROGRAMS PRTBLK EX.
BLKSTAT.
RDFT (POWER FAILS).
PRTBLK (MODEL 1, M00EL 3, POWER FAILS).

The first statement in the SETS user program is a call of BLKSTAT which
establishes that the block filo contains three blocks when execution of
PRTBLK-EX begins. The output produced by the BLKSTAT callis as follows:

BLKSTAT.

THE BLOCK FILE CONTAINS THE FOLLOWING BLOCKS 1. M00EL 1
2. M00EL*2
3. M00EL 3

STATEMENT EXECUfl0N REQUIRED .014 sECONOS FOR BLKSTAT

i The second statement is a call of RDFT that reads fault tree POWER-FAILS and
enters it into the block file. The graphic representation of the fault tree is shown'

in Figure 4.6. (The input representation of the fault tree is printed by the RDFT
procedure as the fault tree is read.)

2

II T4

@ | STM)-BY I

Q /\ (2 n,

II
,

I RC-PMJt i

E

i

3 9s
II

I I

1 %JX-PONER I L IAC-POWER I

h2

j

|

Figure 4.6 Fault tree POWER-FAILS.
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The printed output produced by the RDF T call for POWER-FAILS is as follows:

RDFT (POWER FAILS).

FAULT TREES POWER * FAILS.
AGS G1. INS G3, G4.
OGS G3. INS C1, AC POWER. OUf8 G1.
SGS G4 = C2 * /G6. INS C2, G6. OUTS G1.
OGS G6. INS AUX POWER, GT. OUTS G4, C2.
AGS GT. INS C1, AC POWER. OUTS C6, G5.
AGS G2. INS G6, G5, STAND BY.
OGS G5. INS GT, C3. OUTS C2.

iBES C1. OUTS G3, GT.
DES AC POWER. OUTS G3, G7.

,

[BES C2. OUTS G4
BES C3. OUTS GS.
EES AUX POWER. OUTS C6.
EES STAND BY. OUTS G2.

THERE ARE NO CYCLES IN POWER FAILS

FAULT TREE BLOCK POWER FAILS
HAS BEEN ADDED TO THE BLOCK FILE

STATEMENT EXECUil0N REQUIRED .032 SECONOS FOR RDFT

The final statement in the SETS User program is a call of PRTBLK which prints
equation blocks MODEL-1 and MODEL-3, and fault tree block POWER-FAILS.
MODEL-1 has three equations and MODEL-3 has one equation. Fault tree
POWER-FAILS has thirteen events as shown in the Fault Tree Event Table. There
are seven intermediate events and, therefore, seven equations. The printed output
produced by PRTBLK is as follows:

PRTBLK (M00EL 1, M00EL 3, POWER FAILS).

* * * * BLOCK EQUAtl0NS * * * *
(MODEL 1 )

x1 = T1 * ( J1 + K1 )
1 1

Y1 = 21 + J1

21 = L1 + /( M1 + N1 )
1 1

* * * * BLOCK EQUATIONS * * * *
(M00EL 3 )

x3 = J3 * /( K3 + L3 * ( M3 + /K3 * N3 ) + /L3 * N3 )
1 2 2 1
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* * * * FAULT TREE EVENT TABLE * * * *
(POWER FAILS )

P

G $ $ P
EVENT NAME TYPE RANK RELAil0NSHIPS PREFIX S 0 T T

2 G1 AG 2 IN , G3 X

IN , G4

3 C3 OG 3 IN , C1
IN , AC POWER
OUT, G1

4 G4 SG 3 IN , C2
IN , G6
0UT, G1

5 C1 BE 2 OUT, G3
OUT, GT

6 AC POWER DE 2 OUT, G3
OUT, G7

T C2 BE 1 OUT, G4

X X
8 G6 OG 4 IN , AUX POWER

IN , G7
OUT, G4
OUT, G2

9 AUX POWER EE 1 OUT, G6

X X
10 G7 AG 4 IN , C1

IN , AC POWER
OUT, G6
OUT, G5

X
11 G2 AG 3 |N , G6

IN , G5
IN , STAND BY

12 G5 OG 3 IN , GT
IN , C3
OUT, G2

13 STAND BY EE 1 OUT, G2

14 C3 BE 1 OUT, G5

1

1

I

|
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* * * * BLOCK EQUATIOhs * * * *
(POWER FAILS )

G1 e G3 * G4

G3 = C1 + AC POWER

G4 a C2 * /C6

G6 = AUX POWER + G7

G7 = C1 * AC POWER

G2 = G6 * G5 * STAND Bf

G5 = G7 + C3

$fATEM:NT EXECUfl0N REQUIRED .033 SECONDS FOR PRTBLK
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4.2.3 Block Status

The Block Status procedure is used to list blocks stored in the block file. For
example, suppose the block file contains three blocks. Execution of procedure call
statement

BLKSTAT

produces a list of the blocks in the form:

THE BLOCK FILE CONTAINS THE FOLLOWING BLOCKS 1. BLK-1
2. EVNT-TBL-FT
3. TRANS-EQNS

Procedure Call

A call of the Block Status procedure has the form:

BLKSTAT.

A call of BLKSTAT never has parsmeters.

Processina Achieved

Does not apply.

Printed Output

If there are no blocks in the block file, the message

THE BLOCK FILE IS EMPTY

is printed. Otherwise, a list of the blocks in the block file is printed in the form:

THE BLOCK FILE CONTAINS THE FOLLOWING BLOCKS 1. bg
2. b2
. .

. .

. .

n. bn
Example

Consider SETS user program:

PROGRAMS BLKSTAT*EX.
BLKSTAT.
RDBLK (GIVEN COND*EQNS).
BLKSTAT.
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The first statement in the SETS user program is a call of BLKSTAT which shows
the block file contains four blocks when execution of BLKSTAT-EX begins. The;

printed output produced by this call of BLKSTAT is as follows:

PLKSTAT.

!
THE BLOCK FILE CONTAINS THE FOLLOWING BLOCKS 1. M00EL 1

2. M00EL 2 ;

3. M00EL 3
i 4. POWER FAILS

STATEMENT EXECUTION REQUIRED .020 SECONOS FOR BLKSTAT

The second statement in BLKSTAT-EX reads equation block GIVEN-COND-EQNS
and adds it to the block file. Then, another call of BLKSTAT shows there are five
blocks in the block file. The output produced by these two procedures is as follows:

RDBLK (GIVEN CONO EQNS). i

BLOCKS GIVEN CONO EQNS.

.

AUX POWER = OMEGA. .,

1 STAND BY a /0MEGA.

| EQUATION BLOCK GIVEN COND EQNS
( HAS BEEN ADDED TO THE BLOCK FILE

STATEMENT EXECUTION REQUIRED .022 SECONOS FOR RDBLK

j BLKSTAT.

THE BLOCK FILE CONTAINS THE FOLLOWING BLOCKS 1. M00EL 1
2. MODEL 2
3. M00EL 3
4. POWER FAILS
5. GIVEN COND EQNS

STATEMENT EXECUTION REQUIRED 020 SECONOS FOR BLKSTAT

:

l

j
,

,

$

i

$

!

l

!

j
4

*
.

1 .
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4.2.4 Delete Block

The Delete Block procedure is used to delete blocks from the block file. For
example, suppose the block file contains blocks:

BLK-1
EVNT-T BL-F T
TRANS-EQNS

Execution of procedure call statement

DLT BLK (EVNT-TBL-FT)

deletes fault tree block EVNT-TBL-FT from the block file and leaves blocks
BLK-! and TRANS-EQNS in the block file.

Procedure Call

A call of the Delete Block procedure has one of the forms:

a. DLTBLK.

b. DLTBLK (b g,b ,...,b )-2 n

Parameters b , !=1,2,... n, specify blocks to be deleted from the block file.i

Processina Achleved

The specified blocks are deleted from the block file. If the parameter part of a
DLTBLK call is empty (form a), every block is deleted from the block file; but if
the parameter part is not empty (form b), only the blocks specified in the call are
deleted from the block file. If the block file does not contain a block for a
parameter specified in a DLTBLK call, the parameter has no effect and processing
continues with the next parameter.

.

A call of DLTBLK without parameters must be used with care; it causes every
block in the block file to be deleted.

Printed Output

A DLTBLK call produces only the standard printed output for a procedure call
statement.

Example

Consider SETS user program:

PROGRAMS DLfBLK+EX. *

BLKSTAT.
DLT8LK (M00EL 2, POWER FAILS).
BLKSTAT.
OLTBLK.
BLKSTAT.
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The first statement in the SETS user program is a call of BLKSTAT which shows
the block file contains five blocks when execution of DLTBLK-EX begins. Part of
the printed output produced by this call of BLKST AT is as follows:

THE BLOCK FILE CONTAINS THE FOLLOWING BLOCKS 1. M00EL 1
2. M00EL 2

;

3. M00EL-3

I 4. POWER FAILS
5. GIVEN COND EONS

The second statement in the SETS user program is a DLTBLK call which deletes
two blocks, MODEL-2 and POWER-FAILS. The output produced by the DLTBLK
call is as follows:

DLTBLK (M00EL 2, POWER FAILS).

STATEMENT EXECUTION REQUIRED .028 SECONDS FOR DLTBLK

Another call of BLKSTAT shows three blocks remain in the block file. Part of the
output for this call of BLKSTAT is as follows:

THE BLOCK FILE CONTAINS THE FOLLOWING BLOCKS 1. M00EL-1
2. HODEL 3

? ,. GIVEN COND EQNS

The last two statements in the SETS user program are a DLTBLK call without
parameters and another call of BLKSTAT. The DLTBLK call deletes every block
from the block file, and the BLKSTAT call shows the block file is empty. The
printed output produced by these procedures is as follows:

DLTBLK.

STATEMENT EXECUTION REQUIRED .004 SECONDS FOR DLT8LK

BLKSTAT.

THE BLOCK FILE !s EMPTY ,

STATEMENT EXECUTION REQUIRED .002 SECONDS FOR BLKSTAT

I

106

-

.- _ _ _ _ _ _ _ _ _ _ _



_ _ _ _ _ .

FRMBLK

4.2.5 Form Block

The Form Block procedure is used to create an equation block and enter it into the
block file. The new block is comprised of some or all of the equations from the
equation file. For example, suppose the equation file contains two equations:

A=X"Y
C=Y"/Z

Execution of procedure call statement

FRMBLK (ALL-EQNS)

forms an equation block named ALL-EQNS and adds it to the block file. The new
block contains every equation in the equation file, i.e., the equations for A and C.

Procedure Call

A call of the Form Block procedure has one of the forms:
1

a. FRMBLK (eb).

b. FRMSLK (eb" O). 1

Parameter eb is the name of a new equation block which contains some or all of
the equations from the equation file.

l

Option O specifies ways to select a subset of the equations in the equation file for
inclusion in the block.

Processina Achieved

A new equation block is formed from equations in the equation file and entered
into the block file. Unless an option is specified (see this procedure Options), the

|block contains every equation in the equation file at the time the block is formed. '

The equation file is not changed when the block is formed and added to the block
,file.
!

If the equation file is empty, a SETS user program error occurs (see APPENDIX A.
Section 3.3, Numbered Errors, error 11).

Options

If the FRMBLK call contains an option (form b), the new block contains a subset of
the equations in the equation file. Options that can occur in a FRMBLK call are
the only option and the except option. A FRMBLK call can contain only one option.

An only option has the form: |

ONLY$ e t,e2,....er
|
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The only option identifies equations in the equation file to be included in the new
block. When an only option is used, the new block cannot have an equation that is
not specified in the option. If a variable does not have an equation in the equation

,

file, its occurrence in an only option has no effect. A SETS user program error
occurs if none of the variables in an only option have equations in the equation file
(see APPENDIX A, Section 3.3,' Numbered Errors, error 11).

,

An except option has the form:

EXCEPT$ e1,e2,....er

The except option identifies equations in the equation file that are not to be
included in the new block. The new block contains all of the equations in the

4

equation file except those specified in the option. If a variable does not have an
equation in the equation file, its occurrence in an except option has no effect. A
SETS user program error occurs if every equation in the equation file is excepted
(see APPENDIX A, Section 3.3, Numbered Errors, error 11).

Printed Output

A FRMBLK call creates equation block eb and enters it into the block file. After
the block is added to the block file, the message

EQUATION BLOCK eb
HAS BEEN ADDED TO THE BLOCK FILE

.

is printed.

Example

Consider SETS user program:

PROGRAM $ FRMBLK EX.
RDBLK (MODEL 1, MODEL-2, MODEL-3).
LDBLK (MODEL-1, MODEL 2, MODEL-3).
FRMBLK (ALL-MODEls).
PRTBLK (ALL-MODELs).
FRMBLK (Y EQNS* ONLY$ Y1, Y2, Y3).
FRMBLK (WITHOUT*Z-EQNS* EXCEPTS Z1, Z2, Z3).
PRTBLK (Y EQNS, WITHOUT Z-EQNS).

The equation file is empty when execution of FRMBLK-EX begins. The first
statement in FRMBLK-EX is a RDBLK call that reads equation blocks MODEL-1,

1 MODEL-2, and MODEL-3 and enters them into the block file. The printed output
) produced by the RDBLK call is as follows:

RDBLK (MODEL-1, MODEL-2, MODEL 3).

BLOCKS MODEL-1.
X1 = Y1*(J1 + K1).
Y1 = 21 + J1.
Z1 = L1 + /(M1 + N1).

EQUATION BLOCK MODEL 1
NAS BEEN ADDED TO THE BLOCK FILE
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BLOCKS MODEL-2.
X2 = Y2*(J2 + /K2).
Y2 = 22 + L2.
22 = J2*/(K2 + L2).

EQUATION BLOCK MODEL-2
HAS BEEN ADDED TO THE BLOCK FILE

BLOCKS M00EL 3.
X3 = J3*/(K3 + L3*(M3 + /K3*N3) + /L3*N3).

EQUATION BLOCK MODEL-3
HAS BEEN ADDED TO THE BLOCK FILE

STATEMENT EXECUTION REQUIRED .038 SECONDS FOR RDBLK

The second statement in the SEIS user program is a call of LDBLK which loads
the equations from MODEL-1, MODEL-2, and MODEL-3 into the equation file.1

The next statement in FRMBLK-EX is a call of FRMBLK without an option. This
call creates equation block ALL-MODELS and adds it to the block file. A call of
PRTBLK shows the block contains every equation in the equation file. The printed
output produced by these three procedures is as follows:

LDBLK (M00EL-1, MODEL-2, MODEL 3).

STATEMENT EXECUTION REQUIRED .007 SECONDS FOR LDBLK

FRMBLK (ALL-MODELS).

EQUATION BLOCK ALL-H00ELS
HAS BEEN ADDED TO THE BLOCK FILE

STATEMENT EXECUTION REQUIRED .018 SECONDS FOR FRMBLK

PRTBLK (ALL MODELS).

* * * * BLOCK EQUATIONS * * * *
(ALL MODELS )

X1 = Y1 * ( J1 + K1 )
1 1

Y1 = Z1 + J1

*
Z1 = L1 + /( M1 + N1 )

1 1

X2 = Y2 * ( J2 + /K2 )
1 1

Y2 = 22 + L2

22 = J2 * /( K2 + L2 )
1 1

X3 = J3 * /( K3 + L3 * ( M3 + /K3 * N3 ) + /L3 * N3 )
1 2 2 1

STATEMENT EXECUTION REQUIRED .018 SECONDS FOR PRTBLK
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The next two statements in the SETS user program are calls of FRMBLK, and each1

call contains an option. The first call has an only option which specifies block
Y-EQNS is to contain only the equations for YI, Y2, and Y3. However, the
equation file does not have an equation for Y3, and the occurrence of this variable
in the option has no effect. The second FRMBLK call has an except option which
specifies block WITHOUT-Z-EQNS is to contain every equation in the equation file
except the equations for Zl, Z2, and Z3. Since the equation file does not have an
equation for Z3, the occurrence of this variable in the option has no effect. The
last statement in the SETS user program is a call of PRTBLK that prints the
equations from blocks Y-EQNS and WITHOUT-Z EQNS. The printed output
produced by the two FRMBLK calls and the PRTBLK call is as follows:

FRM8LK (Y EQNS* ONLYS Y1, Y2, Y3).

EQUATION 8 LOCK Y EONS

] HAS BEEN ADDED TO THE BLOCK FILE

STATEMENT EXECUTION REQUIRED .020 SECONDS FOR FRMBLK

FRMBLK (WITHOUT Z-EQNS* EXCEPTS Z1, 22, Z3).

EQUATION BLOCK WITHOUT Z EQNS
HAS BEEN ADDED TO THE BLOCK FILE

STATEMENT EXECUTION REQUIRED .025 SECONDS FOR FRMBLK

PRTBLK (Y EQNS, WITHOUT-Z EQNS).

* * * * BLOCK EQUATIONS * * * *
(Y ECNS )

Y1 = Z1 + J1

Y2 = Z2 + L2

* * * * BLOCK EQUATIONS * * * *
(WITHOUT-Z-EQNS )

X1 = Y1 * ( J1 + K1 )
1 1

Y1's Z1 + J1
a

X2 = Y2 * ( J2 + /K2 )
1 1

Y2 = 22 + L2

X3 = J3 * /( K3 + L3 * ( M3 + /K3 * N3 ) + /L3 * N3 )
1 2 2 1

STATEMENT EXECUTION REQUIRED .024 SECONDS FOR PRTBLK
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4.2.6 Load Block

The Load Block procedure is used to load equations from blocks in the block file
into the equation file. Parameters in the call specify the blocks to be loaded. For
example, suppose the equation file contains two equations

A=X"Y
C=Y"/Z

and the block file contairs block Bl.M-1 which contains equations:

A=B+C
C=C"(D+E)

Execution of procedurg call statement

LDBLK (BLK-1)

loads the equations in block BLK-1, i.e., the equations for A and B, into the
equation file. After BLK-1 is loaded, the equation file contains three equations:

A=B+C
B=C"(D +E)
C=Y*/Z

Procedure Call

A call of the Load Block procedure has the form: -

LDBLK (b ,b ,....b )-t 2 n

Parameters b , i=1,2,....n, specify blocks whose equations are to be loaded into thei
equation file. There must be at least one block to be loaded, (111).

Processina Achieved

Equations from blocks in the block file are loaded into the equation file.
Parameters bj, i=1,2....n, are processed one at a time from left to right. As each
parameter, b , is encountered, the corresponding block is located in the block file.i
If the block file does not contain block b , a SETS user program error occurs (seei
APPENDIX A Section 3.3, Numbered Errors, error 37). Otherwise, the equations
in block b are loaded into the equation file.i

To know what equations are in the equation file after block bj is loaded, the
contents of b and the contents of the equation file before b is loaded must bei i
known. If b does not have an equation for X and the equation file does, loading bii
does not change the equation for X in the equation file. If b has an equation for X,i
it will be the equation for X in the equation file after b is loaded. In the latteri
case, if the equation file has an equation for X before bj is loaded, it is replaced by
the equation for X from b .i

I11
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Printed Output

A LDBLK call produces only the standard printed output for a procedure call
statement.

Example

Consider SETS user program:

PROGRAMS LDBLK-EX.
BLKSTAT.
PRTBLK (MODEL 1, M00EL-3).
Y1=/Z1 + Z1*/J1.
Y3=/Z3 + Z3*/J3.
Z1=0MEGA.
23=0MEGA.
PRTEQN (Y1, Y3, Z1, Z3). .
LDBLK (MODEL-1, M00EL-3).
PRTEQN (X1, Y1,1Z1, X3, Y3, Z3).

The equation file is empty when execution of LDBLK-EX begins. The first
statement in the SETS user program is a call of BLKSTAT which establishes the
block file contains six blocks when execution of LDBLK-EX begins. Part of the
printed output produced by the BLKSTAT call is as follows:

THE dLOCK FILE CONTAINS THE FOLLOWING BLOCKS 1. M00EL 1
2. MODEL 2
3. MODEL-3
4. ALL MODELS
5. Y-EQNS
6. WITHOUT-Z EQNS

,

The second statement in LDBLK-EX prints the equations from two of the blocks in
the block file, MODEL-1 and MODEL-3. The printed output produced by this
PRTBLK call is as follows:

PRTBLK (M00EL 1, M00EL 3).

* * * * BLOCK EQUATIONS * * * *
(H00EL-1 )

X1 = Y1 * ( J1 + K1 )
1 1

Y1 = Z1 + J1

Z1 = L1 + /( M1 + N1 )
1 1

* * * * BLOCK EQUATIONS * * * *
(M00EL-3 )

X3 = J3 * /( K3 + L3 * ( M3 + /K3 * N3 ) + /L3 * N3 )
1 2 2 1

STATEMENT EXECUTION REQUIRED .012 SECONDS FOR PRTBLK
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Four equation statements are used to establish equations for YI, Y3, Zl, and Z3.
The sixth statement in the SETS user program is a call of PRTEQN which shows the
equation file contains these equations. The printed output produced by this call of
PRTEQN is as follows:

PRTEQN (Y1, Y3, Z1, Z3).

Y1 = /Z1 + Z1 * /J1

Y3 = /Z3 + Z3 * /J3

! Z1 = OMEGA
I
f

Z3 = OMEGA

STATEMENT EXECUTION REQUIRED .006 SECONDS FOR PRTEQN

The next statement in the SETS user program is a call of LDBLK which loads the
equations from equation blocks MODEL-1 and MODEL-3 into the equation file.
The equation file contains equations for YI, Y3, Zl, and Z3 when MODEL-1, which
contains equations for XI, YI, and Zl, is loaded. The equation for XI from
MODEL-1 is added to the equation file; and the equations for Y1 and 21 from
MODEL-1 replace the existing equations for these variables in the equation file.
After MODEL-1 is loaded, the equation file has equations for XI, YI,21, Y3, and
Z3. The equations for Y3 and Z3 are not changed by loading block MODEL-1.
Equation block MODEL-3 contains only one equation. When MODEL-3 is loaded,
the equation for X3 is added to the equation file.

The final statement in LDBLK-EX is a PRTEQN call which shows the equation file
has equations for XI, Yl, Zl, X3, Y3, and Z3. Loading blocks MODEL-1 and
MODEL-3 adds equations for XI and X3; replaces equations for Y1 and Zl: and
does not change equations for Y3 and Z3. The printed output produced by the
LDBLK and PRTEQN calls is as follows:

LDBLK (MODEL-1, M00EL 3).

STATEMENT EXECUTION REQUIRED .019 SECONDS FOR LDBLK

PRTEQN (X1, Y1, Z1, X3, Y3, Z3).

X1 = Y1 * ( J1 + K1 )
1 1

Y1 = Z1 + J1

21 = L1 + /( M1 + N1 )
1 1

X3 = J3 * /( K3 + L3 * ( M3 + /K3 * N3 ) + /L3 * N3 )
1 2 2 1

Y3 = /Z3 + Z3 * /J3

23 = OMEGA

STATEMENT EXECUTION REQUIRED .008 SECONDS FOR PRTEQN
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4.3 Value Block Procedures

Procedures that process value blocks do not use or change the equation file or the
block file. Interactions between value block procedures and the value block file
are shown in Figure 4.7.

/ INPUT
FILE

RDVALBLK

VALUE
BLOCK

FILE

DLTVALBLK

PRTVAL8LK

t

PRINTER
OUTPUT

Figure 4.7 Interactions of value block procedures with the value block file.

Two of the three procedures used to process value blocks change the value block
file. Procedure RDVALBLK reads value blocks from the input file and enters them
into the value block file. If a value block being read and a value block in the file
have the same name, the value block in the file is changed to include the new
variable values. Procedure DLTVALBLK deletes value blocks from the value block
file.

The PRTVALBLK procedure prints value blocks, but it does not change the value
block file.
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4.3.1 Read Value Block

The Read Value Block procedure is used to read value blocks from the input file
and enter them into the value block file. Parameters in the call specify the value
blocks to be read. Variable values are checked as they are read to determine if
they are both well-defined and nonnegative. If there are no errors, the new value
block is added to the value block file. In the event a value block with the same
name already exists in the file, it is changed to include the new variable values.
For example, suppose the value block file does not have a value block named
VLBLK-1, but the input file contains VLBLK-1 in the form:

VALUE BLOCK $ VLBLK-1.
1.0E-2 $ A B, D $

2.6E-4 $ C $

Execution of procedure call statement

RDVALBLK (VLBLK-1)

reads VLBLK-1 from the input file. The header is read first and the name in the
header is compared to the parameter in the call to verify they are the same. Since
the value block file does not contain a value block named VLBLK-1, the message

CREATE VALUE BLOCK VLBLK-1

is printed before variable values in VLBLK-1 are read. Then, values are read and,
since they are well-defined and nonnegative, value block VLBLK-1 is entered into
the value block file. Finally, the message

VALUE BLOCK VLBLK-1
HAS BEEN ADDED TO THE VALUE BLOCK FILE

is printed. Value block VLBLK-1 contains four variable values: A, B, and D have
the value Ix10-2, and C has the value 2.6x10-4

Procedure Call

A call of the Read Value Block procedure has the form:

RDVAI.BLK (vb ,vb ,...,vb )-t 2 n

Parameters vb , i=1,2,...,n, specify value blocks to be read from the input file.
There must be at least one value block to be read. (1 s i).

Processina Achieved

A value block contains one or more variables each having a single nonnegative
value. The input representation of a value block begins with a header of the form

VALUE BLOCK $ vb.

115

.- - -- . . - _ . - . - . . - . - _ _ - - - . - ,. .. . _ - - . . _ - .



RDVALBLK

where vb is the name of the value block. Value assignments follow the header.
Each value assignment has the form:

(number) $ (variable list) $

The number which begins the value assignment is assigned to every variable in the
variable list. If a variable occurs in more than one value assignment, it is assigned
the value from the last value assignment in which it occurs. For example,

VALUE BLOCK $ INIT-COND.
.007 $ W, Y, Z $
1.0 E-2 $ X$
4$ VW$

assigns the value .007 to Y and Z: .01 to X; and 4 to V and W.

A SETS user program error occurs if a value assignment has an empty variable list
(see APPENDIX A. Section 3.3, N_ umbered Errors, error 34).

Complement variables cannot be assigned values. Instead, their values are
determined by the computation type or, for PROBABILITY, from the values of the
corresponding noncomplement variables. Also, variable values are restricted
according to the computation involved. Value block INIT-COND, for example,
cannot he used for PROBABILITY or PRODUCT computations because all of its
values are not s I or > 1 respectively. Complement variable values and value
restrictions are described in Section 4.1.6, Compute Term Value, Processing
Achieved.

Parameters vb , i=1,2,...,n, in a RDVALBLK call are processed one at a time fromi
left to right. As each vb is encountered, the next information in the input file isi
read and processed. The value block header must occur first, and parameter vbi
and the name in the header must be the same. After the header is read, it is
determined if a new value block will be created or an existing value block will be
changed. If the value block file does not have a value block with name vb , a newi
value block will be created. However, if value block vbj already exists in the value
block file, it will be changed to include variable values from value block vb in thei
input file.

If value block vb is being changed, every variable value from value block vb in thei
! value block file is obtained and treated as if they have already been read as part of
|

value block vb in the input file. Once the existing values have been obtained, the
| processing to change a value block is the same as the processing to create a new

value block. Value assignments in vb in the input file are read one at a time and
| i

checked to determine if they are well-defined and nonnegative. Every variable in'

a value assignment is assigned the number in the value assignment as its value. If a
variable already has a value from a previous value assignment, the new value

,

replaces the old value. Thus, the value for a variable will be the number from the!

last value assignment in which the variable occurs. After every value assignment
has been processed, value block vb is entered into the value block file. New vbi| i
replaces old vb in the value block file if value block vb was changed.i i

|

|

|
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Printed Output

As the input representation of value block vbj is read, it is also printed and
becomes part of the printed output produced by RDVALBLK. However, between
the header and the first value assignment, a message is printed. If a new value
block will be created, the message

CREATE VALUE BLOCK vbi
|

j is printed, but if an existing value block will be changed, the message

CHANGE VALUE BLOCK vbi

is printed. Following this message, value assignments are read and printed one at a|

time.

After the value assignments of vb in the input file have been read and checked to
determine if they are well-defined and nonnegative, the message

VALUE BLOCK vbi
HAS BEEN ADDED TO THE VALUE BLOCK FILE

is printed.

Example
7

Consider SETS user program:

PROGRAMS RDVALBLK-EX.
DLTVALBLK.
RDVALBLK (VB PROBS, VB COSTS).
PRTVALBLK (VB PROBS, VB COSTS).
RDVALBLK (VB-PROBS).
PRTVALBLK (VB PROBS).
RDVALBLK (SPECIAL VALUES).
PRTVALBLK (SPECIAL VALUES).

The first statement in the SETS user program is a DLTVALBLK call without
parameters that initializes the value block file and ensures it is empty. The second
statement is a call of RDVALBLK that reads value blocks VB-PROBS and
VB-COSTS and enters them into the value block file. These value blocks are used
in the examples for COMTRMVAL (see Section 4.1.6, Compute Term Value,

' Example, Table 4.5) and TRNTRMVAL (see Section 4.1.7, Truncate on Term Value,
Example). The printed output produced tv the RDVALBLK call is as follows:

RDVALBLK (VB PROBS, VB COSTS).

#
VALUE BLOCKS VB PROSS.
CREATE VALUE BLOCK VB PROBS

7.2 E-3 $ X1, x6, X7 $
3 E-2 $ x2, x5 $
1.0 E 1 $ X4 $

VLLUE BLOCK VB PROBS
HAS BEEN ADDED TO THE VALUE BLOCK FILE
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|

VALUE BLOCKS VB COSTS.
CREATE VALUE BLOCK VB COSTS
17 $ X1 S
2 $ X2 5
5 $ X3 $
2 $ X4 S
7.3 $ X5 $
7.3 $ X6 s
17 $ X7 $

'
VALUE BLOCK VB COSTS
HAS BEEN ADDED TO THE VALUE BLOCK FILE

STATEMENT EXECUTION REQUIRED .021 SECONDS FOR RDVALBLK

i The third statement in RDVALBLK-EX is a call of PRTVALBLK which shows value
blocks VB-PROBS and VB-COSTS are in the value block file. The printed output
for this call of PRTVALBLK is as follows:

PRTVALBLK (VB PROBS, VB COSTS).

,

* * * * VALUE BLOCK TABLE * * * *'

(VB PROBS )

VARIABLE VALUE VARIABLE VALUE

|
l

X1 7.200000000000E-03 X6 7.200000000000E-03

X7 7.200000000000E-03 X2 3.000000000000E 02

X5 3.000000000000E 02 X4 1.000000000000E 01

* * * * VALUE BLOCK TABLE * * * *
(VB COSTS )

! VARIABLE VALUE
i VARIABLE VALUE

| X1 1.700000000000E+01 X2 2.000000000000E+00

X3 5.000000000000E+00 X4 2.000000000000E+00
'

| X5 7.300000000000E+00 X6 7.300000000000E+00

( X7 1.700000000000E+01

!

| STATEMENT EXECUTION REQUIRED .009 SECONDS FOR PRTVALBLK

l

Value block VB-PROBS is incorrect. Variable X3 does not have a value and
variable X6 has the wrong value. The next statement in the SETS user program is
another call of RDVALBLK which changes value block VB-PROBS in the value
block file. The value 7.2x10-5 s added for variable X3, and the value for X6 isi
changed from 7.2x10-3 to 2.7x10-2. A call of PRTVALBLK shows value block

i

118

.. . _ . - _ . . - . - - - - . - -. , --. .. ___ -_- .- .



RDVALBLK

VB-PROBS has been corrected. The printed output produced by the ROVALBLK
and PRTVALBLK calls is as follows:

RDVALBLK (VB PROBS).

VALUE BLOCKS VB PROBS.
CHANGE VALUE BLOCK VB PROBS

7.2 E-3 5 X3 $
2.7 E 2 5 X6 $

VALUE BLOCK VB PROBS
HAS BEEN ADDED TO THE VALUE BLOCK FILE

STATEMENT EXECUTION REQUIRED .020 SECONDS FOR RDVALBLK

PRTVALBLK (VB PROBS).

* * * * VALUE BLOCK TABLE * * * *
(VB PROBS )

VARIABLE VALUE VARIABLE VALUE

X1 7.200000000000E 03 X6 2.700000000000E 02
X7 7.200000000000E 03 X2 3.000000000000E 02
X5 3.000000000000E 02 X4 1.000000000000E 01
X3 7.200000000000E 03

STATEMENT EXECUTION REQUIRED .006 SECONOS FOR PRTVALBLK

The last two statements in RDVALBLK-EX are calls of RDVALBLK and
PRTVALBLK which read and ptint value block SPECIAL-VALUES. This value
block contains numbers for which d +d = 14, and numbers with a very small and ai t
very large exponent. The output for these two procedures is as follows:

RDVALBLK (SPECIAL-VALUES).

VALUE BLOCKS SPECIAL-VALUES.
CREATE VALUE BLOCK SPECIAL-VALUES

11111111111111 $ V1 $
.22222222222222 $ V2 $i

! 3333333.4444444 $ v3 5
.55555555555 E-279 $ V4 5
-f '-I'-I' '' '-f '-f- E 308 $ V5 $

a

VALUE BLOCK SPECIAL-VALUES
HAS BEEN ADDED TO THE VALUE BLOCK FILE

STATEMENT EXECUTION REQUIRED .015 SECONOS FOR RDVALBLK
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PRTVALBLK (SPECIAL-VALUES).

* * * * VALUE BLOCK TABLE * * * *
(SPECIAL VALUES }

VARIABLE VALUE VARIABLE VALUE

V1 1.111111111111E+13 V2 2.222222222222E-01

V3 3.333333444444E+06 V4 5.555555555500-280

V5 6. N 0+319

STATEMENT EXECUTION REQUIRED .006 SECONDS FOR PRTVALBLK

l
l

i

r

!

I

i
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4.3.2 Print Value Block

The Print Value Block procedure is used to print value blocks stored in the value
block file. Parameters in the call specify value blocks to be printed. For example,
suppose the value block file contains value block VLBLK-1 which contains variable
values:

A = 1.0x 10-2
B =1.0x 10-2
C =2.6x 10 -4
D = 1.0x 10-2

Execution of procedure call statement

PRTVALBLK (VLBLK-1)

causes a table of the variable values in VLBLK-1 to be printed in the form:

" " " " VALUE BLOCK TABLE " * " "
(VLBLK-1 )

VARIABLE VALUE VARIABLE VALUE

A 1.000000000000E-02 B 1.000000000000E-02
D 1.000000000000E-02 C 2.600000000000E-04

Procedure Call

A call of the Print Value Block procedure has the form:

PRTVALBLK (vb ,vb ,...,vbn)-t 2

Parameters vb , i=1,2,...,n, specify value blocks to be printed. There must be ati
least one value block to b~e printed, (1 <;i).

Processing Achieved

Does not apply.

Printed Output

If the value block file does not contain a value block for parameter vb , a SETSi
user program error occurs (see APPENDIX A Section 3.3, Numbered Errors, error
37).

If the value block file contains a value block for parameter vbj, the variables from
the value block are printed with their values. A title of the form:

" " * " VALUE BLOCK TABLE " * " "
(vbi )

is printed first. Then the variables and their values are printed in two columns.
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Example

Consider SETS user program:

PROGRAMS PRTVALBLK EX.
DLTVALBLK..

RDVALBLK (FAIL PROB, REPAIR COST).
PRTVALBLK (FAIL-PROB, REPAIR COST).

The first statement in the SETS user program is a DLTVALBLK call that initializes
the value block file. Then, a call of RDVALBLK reads value blocks F AIL-PROB
and REPAIR-COST and enters them into the value block file. These value blocks
are used in the example for GENFTEQN (see Section 4.4.3, Generate Fault Tree
Equation, Example). The printed output produced by the RDVALBLK call is as
follows:

RDVALBLK (FAIL PROB, REPAIR COST).
.

VALUE BLOCK $ FAIL PROB.
CREATE VALUE BLOCK FAIL-PROB

.1 E-3$ E7, Eli, E24$

.1 E-2$ E8, E16$

.5 E 2$ E20$

.75 E 2$ E10, E17, E34$

.1 E-1$ E19, E33$

.25 E 1$ E15, E22, E28$

.5 E-1$ E9, E12, E14, E21, E23, E26, E30, E32$

.7 E 1$ E3, E5, E13, E29, E31$

.75 E 1$ E2, E18$

.8 E 15 E1, E6, E27$

.9 E-1$ E4, E25$

VALUE BLOCK FAIL-PROB
HAS BEEN ADDED TO THE VALUE BLOCK FILE

VALUE BLOCKS REPAIR COST.
CREATE VALUE BLOCK REPAIR COST

25$ E3, E9, E24, E32$
50$ E1, E7, E11, E15, E21, E29$
80$ ES, E8, E13, E19, E26, E31, E34$

100$ E6, E14, E25, E28, E30, E33$
140$ E2, E10, E23$
210$ E4, E12 E17, E27$
300$ E16, E18, E20, E22$

VALUE BLOCK REPAIR COST
HAS BEEN ADDED TO THE VALUE BLOCK FILE

STATEMENT EXECUTION REQUIRED .029 SECONDS FOR RDVALBLK
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The last statement in the SETS user program is a call of PRTVALBLK which prints
the variables and their values from value blocks FAIL-PROB and REPAIR-COST.
The printed output for this procedure is as follows:

PRTVALBLK (FAIL PROB, REPAIR-COST).

* * * * VALUE BLOCK TABLE * * * *
(FAIL PROB )

VARIABLE VALUE VARIABLE VALUE

E7 1.000000000000E 04 E11 1.000000000000E 04
E24 1.000000000000E-04 E8 1.000000000000E 03
E16 1.000000000000E-03 E20 5.000000000000E 03
E10 7.500000000000E-03 E17 7.500000000000E 03
E34 7.500000000000E-03 E19 1.000000000000E 02
E33 1.000000000000E-02 E15 2.500000000000E 02
E22 2.500000000000E 02 E28 2.500000000000E 02
E9 5.000000000000E 02 E12 5.000000000000E 02
E14 5.000000000000E 02 E21 5.000000000000E-02
E23 5.000000000000E-02 E26 5.000000000000E-02
E30 5.000000000000E 02 E32 5.000000000000E 02
E3 7.000000000000E 02 E5 7.000000000000E 02
E13 7.000000000000E-02 E29 7.000000000000E 02
E31 7.000000000000E 02 E2 7.500000000000E 02
E18 7.500000000000E 02 E1 8.000000000000E-02
E6 8.000000000000E-02 E27 8.000000000000E 02
E4 9.000000000000E 02 E25 9.000000000000E-02

* * * * VALUE BLOCK TABLE * * * *
(REPAIR COST )

VARIABLE VALUE VARIABLE VALUE

E3 2.500000000000E+01 E9 2.500000000000E+01
E24 2.500000000000E+01 E32 2.500000000000E+01
E1 5.000000000000E+01 E7 5.000000000000E+01
E11 5.000000000000E+01 E15 5.000000000000E+01
E21 5.000000000000E+01 E29 5.000000000000E+01
E5 8.000000000000E+01 E8 8.000000000000E+01
E13 8.000000000000E+01 E19 8.000000000000E+01
E26 8.000000000000E+01 E31 8.000000000000E+01
E34 8.000000000000E+01 E6 1.000000000000E+02
E14 1.000000000000E+02 E25 1.000000000000E+02
E28 1.000000000000E+02 E30 1.000000000000E+02
E33 1.000000000000E+02 E2 1.400000000000E+02
E10 1.400000000000E+02 E23 1.400000000000E+02
E4 2.100000000000E+02 E12 2.100000000000E+02
E17 2.100000000000E+02 E27 2.100000000000E+02
E16 3.000000000000E+02 E18 3.000000000000E+02
E20 3.000000000000E+02 E22 3.000000000000E+02

, STATEMENT EXECUTION REQUIRED .019 SECONDS FOR PRTVALBLK
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DLTVALBLK;

4.3.3 Delete Value Block

The Delete Value Block procedure is used to delete value blocks from the value
block file. For example, suppose the value block file contains value blocks:

VLBLK-1
INIT-COND

,

Execution of procedure call statement
.

DLTVALBLK (INil-COND)

deletes INIT-COND from the value block file and leaves value block VLBLK-1 in
the file.

Procedure Call
1
" A call of the Delete Value Block procedure has one of the forms:

a. DLTVALBLK.

b. DLTVALBLK (vb vb ,...,vb )-
'

t 2 n

Parameters vb , i=1,2...,n, specify value blocks to be deleted from the value blocki
file.

Processing Achieved

The specified value blocks are deleted from the value block file. If the parameter
part of a DLTVALBLK call is empty (form a), every value block is deleted from the

,
' value block file; but if the parameter part is not empty (form b), only the value

blocks specified in the call are deleted from the value block file. If the value block'

file does not contain a value block for a parameter specified in a DLTVALBLK call,
the parameter has no effect and processing continues with the next parameter.

A call of DLTVALBLK without parameters must be used with care; it causes every
value block in the value block file to be deleted.

Printed Output

* A DLTVALBLK call produces only the standard printed output for a procedure call
statement.

,

Example

Consider SETS user program:

PROGRAMS DLTVALBLK EX.*

PRTVALBLK (FAIL PROB).
DLTVALBLK.
PRTVALBLK (FAIL-PROB).

,

|
,
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i

The value block file contains value blocks FAIL-PROB and REPAIR-COST when
execution of DLTVALBLK-EX begins. The first statement in DLTVALBLK-EX is a
call of PRTVALBLK which shows value block FAIL-PROB is in the value block
file. (PRTVALBLK is used to show the existence of value block FAIL-PROB
because there is no status procedure for the value block file.) The output for this
call of PRTVALBLK is as follows:

PRTVALBLK (FAIL PROB).

* * * * VALUE BLOCK TABLE * * * *
(FAIL-PROB )

VARIABLE VALUE VARIABLE VALUE

'l

E7 1.000000000000E-04 E11 1.000000000000E 04
E24 1.000000000000E 04 E8 1.000000000000E-03
E16 1.000000000000E 03 E20 5.000000000000E*03
E10 7.500000000000E-03 E17 7.500000000000E-03
E34 7.500000000000E-03 E19 1.000000000000E-02
E33 1.000000000000E 02 E15 2.500000000000E-02
E22 2.500000000000E 02 E28 2.500000000000E 02
E9 5.000000000000E-02 E12 5.000000000000E 02
E14 5.000000000000E-02 E21 5.000000000000E-02
E23 5.000000000000E-02 E26 5.000000000000E-02
E30 5.000000000000E-02 E32 5.000000000000E-02
E3 7.000000000000E-02 E5 7.000000000000E-02
E13 7.000000000000E 02 E29 7.000000000000E 02
E31 7.000000000000E 02 E2 7.500000000000E-02
E18 7.500000000000E 02 E1 8.000000000000E-02
E6 8.000000000000E 02 E27 8.000000000000E 02
E4 9.000000000000E 02 E25 9.000000000000E 02

i

STATEMENT EXECUTION REQUIRED .009 SECONDS FOR PRTVALBLK

The next statement in the SETS user program is a call of DLTVALBLK without
parameters which deletes every value block from the value block file. Then,
another call of PRTVALBLK produces SETS user program error 37. Although this
does not show the value block file is empty, it does show value block FAIL-PROB
in not in the value block file. The printed output produced by these two procedure
calls is as follows:

DLTVALBLK.

STATEMENT EXECUTION REQUIRED .006 SECONDS FOR DLTVALBLK

!

PRTVALBLK (FAIL PROB).

****** ERROR NUMBER 37, FAIL * PROB

STATEMENT EXECUTION REQUIRED .002 SECONDS FOR PRTVALBLK
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4.4 Fault Tree Procedures

The fault tree procedures do not use or change the equation file or the value block
file. Interactions between fault tree procedures and the block file are shown in
Figure 4.8.

/ INPUTFILE

FRMNEWFT
RDFT _

- I

GENFTEON

k

BLOCK SETS User
FILE Program

Segment

Figure 4.8 Interactions of fault tree procedures with the block file.

Two of the three fault tree procedures, RDFT and FRMNEWFT, change the block
file by entering fault tree blocks into the file. Fault trees entered by RDFT are
read from the input file. Fault trees entered by FRMNEWFT are created from
fault trees in the block file. Fault tree blocks are deleted from the block file by
DLTBLK (see Section 4.2.4, Delete Block).

Procedure GENFTEQN produces a SETS user program segment which contains calls
of several of the other procedures. Only the block file is used to produce the
segment. However, execution of the segment uses and changes the equation file
and the block file. The~ value block file is never changed by execution of the
segment, but it may be used by calls in the segment.

Fault trees for use with SETS are defined in Reference 27. These fault trees can
have complement events, single-input intermediate events, and more than one top
event. The latter two characteristics, single-input intermediate events and
multiple top events, are important for the processing achieved by FRMNEWFT and
GENFTEQN.

Fault trees used with SETS can also have similar trees. A similar tree is a way to
model identical systems only once. Copies of the similar tree, with event names
prefixed differently for each system, represent the identical systems in the fault
tree. However, fault trees with similar trees cannot be processed by FRMNEWFT
or GENFTEQN.

127



.__ _. _ - __. -

Fault trees in this manual are plotted, i.e., drawn, using the Fault Tree Drawing
(FTO) program (Ref. 26). Fault trees are separated at multiple-output
intermediate events for plotting. Multiple-output intermediate events are plotted
as tops of separata trees, and transfer symbols (triangles) show where the events
are used as inputs to other intermediate events. Transfer symbols are not used for
multiple-output primary events. Instead, each multiple-output primary event is
drawn everywhere it is used as an input to an intermediate event. An integer
representing the number of uses of the primary event is printed in its symbol.

Fault trees can be plotted with descriptions that appear in boxes above primary and
Intermediate event symbols. In this manual, descriptions are not important, and
example fault trees are plotted without descriptions to save space.

4

I

.

.

4

E
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4.4.1 Read Fault Tree

The Read Fault Tree procedure is used to read fault trees from the input file and
enter them into the block file. Parameters in the call specify the fault trees to be
read. As each fault tree is read, it is checked for errors and, if there are no errors,
it is tested for cycles. If there are no errors and no cycles, a fault tree block is
created and added to the block file. For example, suppose FT-1 and its computer
input representation are as shown in Figure 4.9.

FAULT TREE $ FT-1.
COMMENT $ INTERMEDIATE EVENTS $

OC$ Gl. IN$ G2, G3.'

_

AG$ G2. IN$ A, G4. OUT$ Gl.

| OG$ G4. IN$ B, C. OUT$ G2.

COMMENT $ PRIMARY EVENTS $
BE$ A. OUT$ G2.
BE$ B. OUT$ G4.

|| BE$ C. OUT$ G4.
DE$ G3. OUT$ Gl.

I 4

.-.

Figure 4.9 Fault tree FT-1.

Execution of procedure call statement
,

RDFT (FT-1)

reads the input representation of FT-1. Since there are no errors in the definition
of FT-1 and it does not contain cycles, fault tree block FT-1 is created and
entered into the block file. The printed output for this call of RDFT includes
printing the input representation of FT-1 as it is read, the message

THERE ARE NO CYCLES IN FT-1

which occurs after the fault tree has been tested for cycles, and the message

FAULT TREE BLOCK FT-1
HAS BEEN ADDED TO THE BLOCK FILE

which occurs after the fault tree block has been added to the block file.
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l

Procedure Call

A call of the Read Fault Tree procedure has the form:

RDFT (ft ,ft ,....ft )-1 2 n

Parameters, ft , i=1,2,...,n, specify the fault trees to be read.i

Processina Achieved

A graphic and a computer input representation of a fault tree for use with SETS
are defined in Reference 27. A summary description of these representations is
included here.

A fault troo is comprised of primary and intermediate events and their inputs and
outputs. Primary events are elementary; they are not defined as functions of other
events in the fault tree. Intermediate events are logical combinations of primary
events and other intermediate events in the fault tree. Cates specify the logical
combinations of input events that define intermediate (output) events.

There are five different types of primary events that can be specified; but the
basic event, developed event, and external event are the ones used most
frequently. The graphic and input representations for these three primary events
are as follows:

Basic Event Developed Event External Event

8 C8

BE$ DE$ EE$

There are six different gate types that can be specified and three of them receive
frequent use. The graphic and input representations for the AND gate, OR gate,
and SPECIAL gate are as follows-

1

AND Gate OR Gate SPECIAL Gate
1
1

Gl G2 | G31

} -

Il 1

AG$ OG$ SG$

Each entity in the input representation of a fault tree is terminated by a delimiter
such as a dollar sign ($), period (.), or comma (,). Entities terminated by dollar
signs, such as BE, OG, IN and OUT, have a predetermined meaning. Fault tree and
event names are terminated by commas or periods. Names are chosen by the user.
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Names contain up to sixteen characters selected from the digits (0-9), the capital
letters of the alphabet (A-Z), and the minus sign (-) used as a hyphen. Spaces do
not have any meaning in the input representation of a fault tree: they can be used
freely to enhance the appearance of the input.

The input representation of a fault tree begins with a fault tree header of the form

FAULT TREE $ ft.

where ft is the fault tree name.

Event definitions follow the fault tree header. They can occur in any order but
there must be one, and only one, for each event in the fault tree.

A basic event definition has the form

BE$ pe. OUT$ let,ie2. le -s

Definitions for other types of primary events are similar. For a developed event or
an external event, BE is replaced by DE or EE, respectively. Outputs, lek.
k=1,2,....s, must be all of the intermediate events in the fault tree that have event
pe as an input. A primary event must have at least one output, (11 k).

A gate defines an intermediate event as a function of its input events. An
intermediate event definition for an event defined by an AND gate has the form

AG$ le. IN$ f g.f . afm. OUT$ ie1,ie2,....le -2 s

The definition for an intermediate event defined by an OR gate is similar but AG is
replaced by OG.

The definition for an event defined by a SPECIAL gate has the form

SG$ le=< logic expression). IN$ f ,f . fm. OUT$ let.ie2 le -t2 s

The logic expression defines intermediate event le as a function of inputs fj,
| j=1,2,....m. The logic expression can be any legitimate Boolean expression, but it
I must contain each fj and every variable in the expression must be an fj. (A

SPECIAL gate serves as a NOT gate when le = /f .)i

Intermediate event inputs, f
events. Outputs, iek, k=1,2,..j, j=1,2,....m. can be either primary or intermediate..s, must be all of the intermediate events in the fault
tree that have event le as an input. An intermediate event must have at least one
input, (1 s }). If an intermediate event does not have any outputs, it defines a top
event of the fault tree and output declaration

OUT$ le1,le2. les

does not occur in the event definition.

Parameters, ftj, !=1,2,...,n, in a RDFT call are processed one at a time from left to
right. As each ftg is encountered, the next information in the input file is read and
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!

processed. The fault tree header must occur first and parameter ft and the namei
in the header must be the same.

Each fault tree is thoroughly checked to verify that it is well defined. As each'

event definition is read and processed, it is checked for inconsistencies that can be;

determined from the definition alone. For example, if a primary event has no
outputs or an intermediate event has no inputs, an error is detected. Errors

i detected during this phase of testing cause numbered SETS user program errors to
occur (see APPENDIX A, Section 3.3, Numbered Errors).

After every event has been read and checked for errors, each event is checked to
ensure that it is consistent with the events related to it by inputs and outputs.-

During this second phase of testing, special error messages (see APPENDIX A,
j Section 3.2, Special Fault Tree Errors) occur when inconsistencies between two

events are detected.

A fault tree is checked for inconsistencies between an event and events related to
it by inputs and oatputs whether or not errors'were detected in individual event
definitions. If errors occur in individual events, the check for consistency between
eventa cannot be complete, but it does provide as much information as possible

! about errors in the fault tree during a single RDFT call.

I Once a fault tree can be read without error, it is tested to determine whether or

not it contains cycles. (A cycle in a fault tree produces an unending sequence of
: substitutions as described in Section 4.1.4, Substitute in Equation, Processina

Achieved.) If there are no cycles, a fault tree block is created and added to the
block file.

Printed Output

As the input representation of fault tree ft is read, it is also printed and becomesi
part of the output produced by RDFT. After the fault tree is read and checked for
errors, it is examined to determine whether or not it contains intermediate eventsi

i which, by comparing only their gate types and inputs, can be determined to be
i equivalent. Intermediate events are equivalent if they are defined by the same

type of gate, the gate type is not SPECIAL, and their inputs agree in number and'

! name. Equivalent events are listed as a group and, if there is more than one group,
each group is listed. For example, if fault tree fti has equivalent events, Ej.

| j=1,2,....m, they are listed after the input representation of the fault tree has been
printed. The list has the form:

THE FOLLOWING EVENTS ARE EQUIVALENT
,

;

: 1. Ei
! 2. E2

. .

|
. .

. .

m. Em,

If a fault tree does not have equivalent events, no message is printed.

i

|
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After the fault tree is examined for equivalent events, it is tested to determine if
it contains cycles. If the fault tree contains cycles, a SETS user program error will
occur (see APPENDIX A, Section 3.3, Numbered errors, error 48). If there are no
cycles, the message

THERE ARE NO CYCLES IN ft1

is printed. Finally, a fault tree block having the name ft is created and added to
1

the block file, and the message

FAULT TREE BLOCK fti
HAS BEEN ADDED TO THE BLOCK FILE

is printed.

Exainole

Consider SETS user program:

PROGRAMS RDFT EX.
DLTSLK.
COMMENTS G1 AND G2 ARE EQUIVALENT,

G5, G8, AND G9 ARE EQUIVALENT.S
RDFT (EQUIV EVNTS).
RDFT (FT 3, FT-4).
PRT8LK( FT-3).

The first statement in the SETS user program is a DLTBLK call without parameters
which initializes the block file. The second statement is a call of RDFT which
reads fault tree EQUIV-EVNTS, shown in Figure 4.10.

R R s' '
_

|| ||

4

2 2

||

3

3 3
- -

1 E4

2 2

3 3

3 3 3 3

Figure 4.10 Fault tree EQUIV-EVNTS.
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Fault tree EQUIV-EVNTS has two groups of events which, considering only gate
types and inputs of the events, are determined to be equivalent: Gl=G2 and
G5=G8=G9. (Events G6 and G7 also happen to be equivalent but this cannot be
ascertained from the gate types and inputs of G6 and G7 alone.) The printed
output produced by this call of RDFT is as follows:

RDFT (EQUIV EVNTS).

FAULT TREE $ EQUIV EVNTS.
AG$ G1. INS E1, G3.
AG$ G2. IN$ G3, E1.
OGS G3. INS G4, G5. OUT$ G1, G2.
AGS G4. INS G6, G7. OUTS G3.
OGS GS. INS E2, E3. OUTS G3.
OG$ G6. INS G8, E4. OUTS G4.
OGS G7. INS E4, G9. OUTS G4.
OG$ G8. IN$ E2, E3. OUTS G6.
OGS G9. INS E2, E3. OUTS G7.
BES E1. DUTS G1, G2.
BES E2. OUTS G5, G8, G9.
BES E3. DUTS G5, C8, C9.
BES E4. OUTS C6, G7.

THE FOLLOWING EVENTS ARE EQUIVALENT

1. G1

2. G2

THE FOLLOWING EVENTS ARE EQUIVALENT

1. G5

2. G8
3. G9

THERE ARE NO CYCLES IN EQUIV-EVNTS

FAULT TREE BLOCK EQUIV EVNTS
HAS BEEN ADDED TO THE BLOCK FILE

STATEMENT EXECUTION REQUIRED .031 SECONDS FOR RDFT

The third statement in SETS user program RDFT-EX is used to read two fault
trees. Fault trees FT-3 and FT-4 are used here to illustrate the Read Fault Tree
procedure and they are also used in the description of the Form New Fault Tree
procedure (see Section 4.4.2, Form New Fault Tree). Fault trees FT-3 and FT-4
are shown in Figure 4.11.

|
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FT-3 F T-4

-

|| || ||

h
=X5*/G90

Xi G6 "G70 '

V -

||
| |

Geo u x o

|| ||

' "
2

Figure 4.11 Fault trees FT-3 and FT-4.

The printed output produced by the RDFT call which reads FT-3 and FT-4 is as
follows:

RDFT (FT-3, FT 4).

FAULT TREES FT-3.
OGS G10. IN$ G20, G30.
AG$ G20. INS X1, G40. OUTS G10.
AGS G30. INS G60, 370. OUTS G10.
OG$ G60. IN$ G80, X4 OUTS G30.
SGS G70=X5*/G90. IN$ G90, X5. OUT$ G30.
AGS G80. IN$ X1, X3. OUTS G60.
OGS G90. IN$ X7, X3. OUTS G70.
BEs X1. OUTS G20, G80.
DES X3. OUTS G80, C90.
BES X4 OUTS G60.
BES X5. OUTS G70.
EES X7. OUTS G90.
des G40. OUTS G20.

THERE ARE NO CYCLES IN FT-3

FAULT TREE BLOCK FT 3
'

HAS BEEN ADDED TO THE BLOCK FILE
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FAULT TREES FT 4.
OGS G40. INS X6, G50.
BE$ X6. OUTS G40.
AGS G50. INS X2, C60. OUTS C40.
BES X2. OUTS G50.
OGS C60. IN$ X4, C80. OUTS G50.
BES X4. OUTS G60.
AGS G80. IN$ X3, X1. OUTS C60.
DES X3. OUTS G80.
BES X1. OUTS G80.

THERE ARE NO CYCLES IN FT-4

FAULT TREE BLOCK FT-4
HAS BEEN ADDED TO THE BLOCK FILE

STATEMENT EXECUTION REQUIRED .060 SECONOS FOR RDFT

The final statement in the SETS user program is a call of PR1BLK which displays
fault tree FT-3. A Fault Tree Event Table is printed first, and then the equations
for the intermediate events are printed. The printed output produced by the
PRTBLK call for FT-3 is as follows:

PRTBLK (FT-3).

* * * * FAULT TREE EVENT TABLE * * * *
(FT 3 )

P

G S S P

EVENT NAME TYPE RANK RELATIONSHIPS PREFIX S O T T

X
~

2 G10 OG 2 IN , C20
IN , G30

3 G20 AG 3 IN , X1
IN , G40
OUT, G10

4 G30 AG 3 IN , G60
IN , G70
OUT, G10

5 X1 BE 2 OUT, G20
OUT, G80

6 G40 DE 1 OUT, G20

7 G60 OG 3 IN , G80
IN , X4
OUT, G30

8 G70 SG 3 IN , X5
IN , C90
OUT, G30

9 G80 AG 3 IN , X1
IN , X3
OUT, G60

10 X4 BE 1 OUT, G60

11 X5 BE 1 OUT, G70
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12 G90 OG 3 IN , X3
IN ,X7
OUT, G70

13 X3 DE 2 OUT, G80
OUT, G90

14 X7 EE 1 OUT, G90

* * * * BLOCK EQUATIONS * * * *
(FT-3 )

G10 = G20 + G30

G20 = X1 * G40

G30 = G60 * G70

G60 = G80 + X4

G70 = X5 * /G90

G80 = X1 * X3

G90 = X3 + X7

STATEMENT EXECUTION REQUIRED .028 SECONDS FOR PRTBLK

.
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4.4.2 Form New Fault Tree

The Form New Fault Tree procedure is used to create one or two new fault trees
from existing fault trees. Parameters in the procedure call specify fault trees in
the block file that are merged into a single fault tree. The merged fault tree is
then modified in accordance with options specified in the call. A parameter
determines whether or not the merged, modified fault tree will be restructured,
and whether one or two fault trees will be created. Each final fault tree is tested
for cycles and, if there are no cycles, a fault tree block is created and entered into
the block file. For example, suppose the block file contains fault trees FT-1 and
FT-2 as shown in Figure 4.12.

FT-1 i F T-2 3

_

||

G G4

_

||

A 4 i C

_

c

Figure 4.12 Fault trees FT-1 and FT-2.

Execution of procedure call statement

FRMNEWFT (FORMi$ FT-1, FT-2/ NEW-FT)

merges fault trees FT-1 and FT-2 into a single fault tree. Developed event G3 in
FT-1 is replaced by fault tree FT-2 because the top event of FT-2 is G3 and, by
implication, FT-2 is the development of event G3. Also, event G4, which has the
same definition in FT-1 and FT-2, occurs in the merged fault tree with two
outputs, G2 and G3. The merged fault tree is not modified because there are no
options specified in the call. In accordance with parameter FORM 1, the merged
fault tree, without restructuring, is the single fault tree to be created. The
merged fault tree is tested for cycles and, since it does not contain cycles, fault
tree block NEW-FT is created and added to the block file. Fault tree NEW-FT is
shown in Figure 4.13.
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| Figure 4.13 Fault tree NEW-FT.

The printed output produced by this call of FRMNEWFT includes.the following
information:

FAULT TREES MERGED
'T

1. FT-1
2. FT-2;

i
THERE ARE NO DEVELOPED EVENTS IN NEW-FT

THERE ARE NO CYCLES IN NEW-FT

TOP EVENTS OF NEW-FT

j 1. G1
'

FAULT TREE BLOCK NEW-FT
HAS BEEN ADDED TO THE BLOCK FILE-

Procedure Call,

j A call of the Form New Fault Tree procedure has one of the forms:
s

a. FRMNEWFT (FORMI$ ftg,f t ,....ftn/ ft).
~

2

b. FRMNEWFT (FORM 2$ ft ,ft ,... ft / ft).1 2 n

I c. FRMNEWFT (FORM 3$ ft ,ft ,....ft / fts, ft]).1 2 n

d. FRMNEWFT (FORM 3$ (< prefix)) ftg.ft ,....ftn/ fts, ft ).2 t

e. FRMNEWFT (<any a through d parameter form >* 0 /0 /.../Om)-1 2

! Parameters, ft[, !=1,2,...,n, specify the fault trees to be merged. There must be at
least one fault tree to be merged,(11n).

,

!40
i

'
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!

Parameters FORMI and FORM 2 indicate one new fault tree will be created. For
FORM 1, the new fault tree is the merged fault tree modified by options specified
in the call. For FORM 2, the merged, modified fault tree is restructured to form
the new fault tree. Single-input events defined by AND, OR, or EXACTLY ONE
gates are removed, and single-output events defined by AND or OR gates are
coalesced with their output events if they too are defined by AND or OR gates,
respectively. The inputs of a coalesced event are the union of the inputs of the
events coalesced.

Parameter FORM 3 indicates two new fault trees will be created. The merged,
modified fault tree is restructured and then separated into its stem and a

collection of independent subtrees. The restructuring for FORM 3 includes the
restructuring described for FORM 2. In addition, two or more multiple-output

events having the same outputs are combined into one event if the multiple-output
events and all of their outputs are defined by AND gates or they are all defined by
OR gates. As before, the inputs of a combined event are the union of the inputa of
the events combined. Before the restructured fault tree is separated, independent

i

| subtrees that produce an equivalent fault tree with a smaller stem are also
created. Then, the fault tree is separated into its stem and a collection of
independent subtrees to form the two fault trees. If a prefix occurs with
parameter FORM 3 (form d), it replaces the standard prefix used to generate new
event names required when creating independent subtrees.

Parameter ft (forms a and b) is the name of the new fault tree if a single fault tree
is created. Parameters fts and ft (forms c and d) are the names of the two newi
fault trees if a stem and collection of independent subtrees are created.

Parameters, Oj, j=1,2,...,m, represent options for modifying the merged fault tree.

Processina Achieved

Processing achieved by the Form New Fault Tree procedure involves merging fault
trees, restructuring a fault tree, and creating independent subtrees. A general
description of these techniques is presented first, and then their use in a call of
FRMNEWF T is described.-

MERGING FAULT TREES

Two fault trees are merged into a single fault tree by merging the events in the
two fault trees. Two cases arise:

1. An event in one fault tree has a name different from every event name in
the other fault tree.

2. An event in one fault tree has the same name as an event in the other fault
tree.

For case 1, the merged fault tree contains an event with the different name, and it
will have the same definition in the merged fault tree as it has in the original fault
tree in which it occurs.
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For case 2, two events having the same name are combined into a single event in
the merged fault tree. Combining two events can produce an event with duplicate
outputs except that, whenever duplicates occur, only one occurrence of the event

,

i

is retained, i.e., only distinct outputs are retained. Two events with the same
name are combined if they satisfy one of the following conditions:

a. Both events are primary events of the same type. The merged fault tree
contains a primary event having the same name and type as the original
events, and its outputs are the distinct outputs from both original events.

b. Both events are intermediate events having the same gate type and inputs,
and the cate type is not SPECIAL. The merged fault tree contains an
intermediate event having the same name, gate type, and inputs as the
original events. Its outputs are all distinct outputs from both original

events.

c. One event is a developed event and the other event is an intermediate
event. The merged fault tree contains an intermediate event having the
same name as the original events and the same gate type and inputs as the
original intermediate event. Its outputs are all distinct outputs from both
original events.

Two intermediate events defined by SPECIAL gates cannot be merged (see case
2b). However, they can be merged if one of them is changed to a developed event
and the other one remains unchanged (see case 2c).

If two events have the same name, but do not satisfy 2a,2b, or 2c, the events and,
therefore, the fault trees cannot be merged. A SETS user program error will occur
if two events have the same name but cannot be merged (see APPENDIX A.
Section 3.3, Numbered Errors, error 55).

Fault trees FT-3 and FT-4, shown first in Figure 4.11 and here in Figure 4.14, can
be merged into a single fault tree.

Events XI, X3 and X4 are examples of Case 2a. Each of these events is a primary
event in the mqed fault tree. Event X3 is a developed event with outputs G80
and G90. Events XI and X4 are basic events; XI has outputs G20 and G80, and X4
has output G60.

Events G60 and G80 are examples of Case 2b. The merged fault tree contains G60
defined by an OR gate with inputs X4 and G80 and outputs G30 and G50. The
merged fault tree also contains G80 defined by an AND gate with inputs XI and
X3 and output G60.

Event G40 is an example of Case 2c. The merged fault tree contains G40 defined
by an OR gate with inputs X6 and G50 and output G20. The merged fault tree does
not contain developed event G40.

The remaining events in FT-3 and FT-4 are examples of Case 1. The merged fault
tree contains each of them defined the same as they are defined in either FT-3 or
FT-4. The merged fault tree is shown in Figure 4.15.
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Figure 4.14 Fault trees FT-3 and FT-4.
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Figure 4.15 Fault tree FT-3-AND-4.

143

. = _ , - - . __ . - . . - _ _ . _ _ _ .



- - _ - . . . _ _ - _ .

FRMNEWFT

i

!

RESTRUCTURING A FAULT TREE

Restructuring a fault tree causes unnecessary events to be removed from the fault
tree. However, restructuring is most important because it can lead to the creation
of independent subtrees which cannot be formed unless the fault tree is

3 restructured. Restructuring produces a fault tree that is different from the
original fault tree, but one which has the same top events as the original fault
tree. Furthermore, the minimal cut set equations for the top events of the
restructured fault tree are equivalent to the minimal cut set equations fur the
corresponding top events of the original fault tree.

.

There are three ways a fault tree is restructured:
!

1. Single-input intermediate events which have at least one output, i.e., they
are not top events, and are defined by AND, OR, or EXACTLY ONE gates
are removed from the fault tree.;

*

2. Single-output intermediate events defined by AND or OR gates are |

coalesced with their output events if the output events are also defined by
AND or OR gates, respectively.

3. Two or more multiple-output intermediate events having the same outputs
are combined into one event if the multiple-output events and their-

, outputs are all defined by AND gates or they are all defined by OR gates.

Each of these three ways of restructuring a fault tree causes events to be removed
from the fault tree. An event is removed by deleting the event and changing the
inputs and outputs of the events related to it. These changes can cause repeated
inputs or outputs in the remaining events except that, whenever this happens, only

,

one occurrence of the repeated event is retained.|

A generalized intermediate event, Y, having outputs XI, i=1,2,....N. and inputs Zk,
k=1,2,....S, is used to illustrate the three ways a fault tree is restructured. In the
general representation, all of the inputs and outputs of Y are shown. For each Xi ;

and Zk, only the input and output relationships with Y are shown; these events cani

have additional inputs and outputs consistent with their definitions. Also, every
event is depicted as an intermediate event defined by an OR gate. Events Y and
XI, i=1,2,... N. are always intermediate events, but they can be defined by s ne
gate types other than the OR gate. The gate types allowed for these events are
specified in the descriptions of event configurations that can be restructured.
Events Zk, k=1,2,...,S, are not restricted; they can be any primary event or an
intermediate event defined by any gate type. Generalized event Y is shown in
Figure 4.16. (A specific example showing the three ways of restructuring a fault
tree is presented at the end of the section entitled " CREATING INDEPENDENT

|

| SUBTREES" so the creation of independent subtrees after restructuring can also be
shown.)

i

I

l
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Figure 4.16 Generalized intermediate event Y.

Sinole-Input Events that can be Removed
,
,

If event Y has a single input (S=1), at least one output (1.<_ N), and is defined by an
AND, OR, or EXACTLY ONE gate, Y can be removed from the fault tree. Each XI
can be defined by any type of gate. Single-input event Y, which can be removed
from the fault tree, is shown in Figure 4.17.

|
i

: 55 B y- -

XN

j Figure 4.17 Single-input event Y which can be removed.

!

Chances to Remove Sinole-Input Event Y

1. Delete Y from the fault tree.

2. For each XI, !=1,2,....N. replace input Y by Zl.

3. For Zl, replace output Y by XI, i=1,2,....N.

The fault tree representation after single-input event Y has been removed is shown
in Figure 4.18.

|
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5 5. B 9
in

Figure 4.18 After removal of single-input event Y.

Events that can be Coalesced

If event Y has a single output (N=1), and Y and its output event, XI, are both
defined by AND gates or they are both defined by OR gates, Y can be coalesced
with XI. (Event Y could be coalesced with each of its outputs if it has more than
one; but coalescing is not done when 1 < N because it can produce undesirable
results.) Single-output event Y, which can be coalesced with XI, is shown in
Figure 4.19.

. . .

Figure 4.19 Event Y which can be coalesced with XI.i

Chances to Coalesce Y with XI
,

1. Delete Y from the fault tree.

2. For XI, replace input Y by Zk, k=1,2,... S.

3. For each Zk, k=1,2,...,S, replace output Y by XI.

The fault tree representation af*er Y has been coalesced with XI is shown in
Figure 4.20.

|
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Figure 4.20 After coalescing Y with XI.

Events that can be Combined

Consider events Yj, j=1,2,....M, which have the same outputs, Xi, i=1,2,...,N, and
inputs Z1-kl, kl=1,2,... Sl; Z2-k2, k2=1,2,... S2; . . .; and ZM-kM, kM=1,2 ... SM,
respectively. If each YJ has two or more outputs (2 < N) and the YJ and Xi events

_

are all defined by AND gates or they are all defined by OR gates, all but one of the
YJ events can be combined with the remaining event. (If N=1, each YJ can be
coalesced with its output event.) Multiple-output events Yj, j=2,3,...,M, which can
be combined with Yl, are shown in Figure 4.21.

Chanaes to Combine Events Yl. i=2,3.....M. with Y1

For j=2,3,...,M, do the following steps:
-'

.

1. Delete Y) from the fault tree.

2. For each XI, i=1,2,...,N, remove input Y}.

3. For each Zj-k), kj=1,2,....SJ, replace output YJ by Yl.

4. Add inputs Zj-k), kj=1,2,...,SJ, to Yl.

The fault tree representation after events YJ, j=2,3...,M, have been combined with
Y1 is shown in Figure 4.22.

With one exception, each way of restructuring a fault tree can create a
single-input event that can be removed, a single-output event that can be
coalesced with its output, or a multiple-output event that can be combined with
other multiple-output events. The exception is that coalescing an event with its
output cannot create a single-input event that can be removed.

Restructuring a fault tree begins with the removal of single-input events --
including those created as others are removed. Then, single-output events are
coalesced with their output events -- including those created as others are
coalesced. At this stage in the process, the fault tree does not contain any
single-input events that can be removed or single-output events that can be
coalesced. If only these two ways of restructuring a fault tree are used, the
processing is complete.
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The third way of restructuring a fault tree occurs after events have been
coalesced. Multiple-output events having the same outputs are combined into one
event -- including those created as others are combined. However, combining
multiple-output events can create both single-input events that can be removed
and single-output events that can be coalesced. If all three ways of restructuring
are used, they must be repeated until an iteration occurs during which the fault
tree does not contain any multiple-output events that can be combined.

.
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_ CREATING INDEPENDENT SUBTREES

A fault tree is comprised of primary and intermediate events and the inputs and
outputs that relate them to each other. From a modeling perspective, a fault tree
is comprised of the events, inputs, and outputs used to develop its top events. A
subtree is a subset of a fault tree, i.e., a fault tree all of whose events, inputs and
outputs belong to the given fault tree. Any set of intermediate events, le ,
i=1,2,...,n, of a fault tree determines a subtree, S(iet.ie2,....ie ). The subtree isn
comprised of the events, inputs, and outputs used to develop the specified
intermediate events. Top events of the subtree are a subset of intermediate events
lei, i= 1,2,... n. For example, S(C2,G3), circumscribed by a dashed line in Figure
4.23, is a subtree uf fault tree IST-FT and has top events G2 and G3. Subtree
S(G4,G7,G9), also circumscribed by a dashed line, has top events G4 and G7.
(Events G4 and G7 determine the same subtree as events G4, G7, and G9.)
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Figure 4.23 Fault tree IST-FT.

A subtree is proper if it is not the entire fault tree. A subtree is independent,

meaning it is independent of the rest of the fault tree, if none of the primary
events in the subtree are used to develop intermediate events in the rest of the
fault tree. In Figure 4.23, S(G2,G3) is a proper subtree of IST-FT; but it is not an
independent subtree because one of its primary events, B, is used to develop events
GI and G4 in the remainder of the fault tree. Subtree S(G4,G7,G9) is both
independent and proper.
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A sinole-top subtree is a subtree that has one top event. A laraest single-top
subtree is a single-top subtree that is not contained in another single-top subtree.,-
Largest, single-top, independent, proper subtrees, hereafter referred to as LSIP
subtrees, are of special interest.

Separating a fault tree into its stem and collection of LSIP subtrees is part of an
efficient technique for finding minimal cut sets for top events of the fault tree

i (Ref. 2). The stem of a fault tree is the fault tree that remains after every LSIP
subtree has been removed and replaced by a developed event having the same name
as the top event of the removed subtree. The collection of LSIP subtrees of a fault

i tree is the fault tree determined by the top events of the LSIP subtrees. The,

collection of LSIP subtrees fault tree is a collection of dis}oint subtrees, i.e.,
pairwise, they have no event in common. For example, S(G2) and S(G8) are the
LSIP subtrees of IST-FT. (Subtree S(G9) is single-top, independent, and proper, but
it is not largest since it is contained in S(G8). Thus, S(G2,G8) is the collection of
LSIP subtrees of IST-FT. The stem of IST-FT is shown in Figure 4.24.

i

.
II

I I
G3 G4

|

i

|I

A G7 8 C

I 2

e n

I 2

Figure 4.24 Stem of fault tree IST-FT.

The efficiency of the technique for finding minimal cut set equations by separating
a fault tree into its stem and collection of LSIP subtrees can be improved by
decreasing the size of the stem. This corresponds to creating a new, but
equivalent, fault tree with a smaller stem and more or bigger LSIP subtrees. A
new event, which changes the fault tree and is the top event of a new LSIP subtree
can be created from event X if two conditions are satisfied:

1. Event X is defined by an AND or OR gate.

2. At least two, but not all, of the inputs of X are either single-output
primary events or single-output top events of LSIP subtrees.

!

.

k
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Event X is changed and new event IST-X is created as follows:

1. Remove inputs of X that are single-output primary events or single-output
top events of LSIP subtrees.

- 2. Add event lST-X as an input of X.

3. Define event IST-X. Event IST-X has the same gate type as X. Its inputs
are the inputs removed from X and its output is X.

Changing event X and creating event IST-X according to the above rules does not
alter the minimal cut set equations for top events of the fault tree. The equation
for original event X is equivalent to the equation produced by substitutions
beginning with changed event X and carried through created event IST-X.

For example, event G4 in Figure 4.23 is defined by an OR gate and has inputs B,
G8, and C. Event G8 is the top event of LSIP subtree S(G8), and G8 and primary
event C each have one output. Thus, a new event, IST-G4, can be created. It is

: defined by an OR gate, and it has inputs G8 and C and output G4. Creating IST-G4
; produces a fault tree slightly different from IST-FT but equivalent to it. LSIP

subtree S(IST-G4) in the new fault tree is larger than LSIP subtree S(G8) in!

| IST-FT. Equation
.!

j G4 = 8 + G8 + C
'

for event G4 before it is changed is equivalent to equation

G4 = B + IST G4 = B + (G8 + C)

for changed event G4 with substitution through created event IST-G4. Subtree'

| S(G4) with created OR gate IST-G4 is shown in Figure 4.25.

|
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Figure 4.25 Subtree S(G4) with created event IST-G4.
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Creating a new LSIP subtree produces a new fault tree which is slightly different
from the original fault tree. If the inputs of the top event of the created subtree
are all primary events, the new fault tree has one more LSIP subtree than the
original fault tree. If there are any LSIP subtrees of the original fault tree among
the inputs of the top event of the created subtree, they are contained in the larger
created subtree. In the latter case, the new fault tree has no more LSIP subtrees
than the original fault tree, and it can have fewer. However, in both cases, the
creation of an additional or larger LSIP subtree makes the stem of the new fault
tree smaller than the stem of the original fault tree.

Restructuring a fault tree can result in the creation of LSIP subtrees that cannot
be formed without restructuring the fault tree. Consider fault tree
CREATE-IND-ST in Figure 4.26. Event G4 is a single-input event that can be
removed; event G5 can be coalesced with its output event G3; and one of the
multiple-output events G6 or G7 can be combined with the other one. Fault tree
CREATE-IND-ST contains only one LSIP subtree, S(G4), and no additional or larger
LSIP subtrees can be created in its stem. However, removing G4, coalescing G5
with G3, and combining G7 with G6 leads to the creation of LSIP subtrees S(IST-1),
S(IST-2), and S(IST-3), respectively. The fault tree with the created LSIP subtrees
is shown in Figure 4.27.

GI
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,
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G6 G4 A 8 G5
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C G6 | G7 1 0

/\

\ C6 \ G7
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G5 GS

C F H
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i

Figure 4.26 Fault tree CREATE-IND-ST.
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Figure 4.27 Fault tree produced from CREATE-IND-ST by removing G4,
coalescing G5 with G3, combining G7 with G6, and creating
three LSIP subtrees.

|

The processing achieved by a call of FRMNEWFT using the techniques of merging
fault trees, restructuring a fault tree, and creating independent subtrees can now
be described.

The Form New Fault Tree procedure creates a new fault tree by merging existing
fault trees. If the block file does not contain a fault tree for every ft specified ini
the call, the merging process will not be completed and a SETS user program error
will occur (see APPENDIX A, Section 3.3, Numbered Errors, error 37). However, a

| merged fault tree will be produced if fault trees exist for every ft and no errorsi
' are detected when the fault trees are merged.

Fault trees specified by parameters, ft[ i=1,2,...,n, in a FRMNEWFT call are
merged into a single fault tree. If only one fault tree is specified in the call (n=1),
the " merged" fault tree is ft . Two or more fault trees are merged into a single1
fault tree by merging pairs of fault trees as described in the section entitled
" MERGING FAULT TREES". First, ft1andft2 are merged into a single fault tree,
then this fault tree and ft3 are merged into a single fault tree, etc., until the fault
tree produced by merging fti through ftn-1 is finally merged with ftn. The fault
tree obtained by merging n fault trees,1 < n, is the same regardless of the order in
which the fault trees are merged.

After the merged fault tree has been obtained it is modified by any options in the
procedure call (see this procedure, Options).

Parameters FORM 1, FORM 2, and FORM 3 determine whether or not the merged,
modified fault tree will be restructured and how many fault trees will be created.
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One new fault tree is created for parameters FORMI and FORM 2. For FORMI, it
is the merged, modified fault tree without any restructuring. For FORM 2,it is the
merged, modified fault tree restructured in two of the three ways described in the,

section entitled " RESTRUCTURING A FAULT TREE." Single-input events defined
by AND, OR, or EXACTLY ONE gates are removed, and single-output events
defined by AND or OR gates are coalesced with their output events if the outputs
are also defined by AND or OR gates, respectively.

Two new fault trees are created for parameter FORM 3. The merged, modified
fault tree is restructured in all of the ways described in the section entitled
" RESTRUCTURING A FAULT TREE." Restructuring for FORM 3 includes the
restructuring described for FORM 2. In addition, multiple-output intermediate

events having the same outputs are combined into one event if the multiple-output
events and their outputs are all defined by AND gates or they are all defined by OR
gates.

After the fault tree is restructured, an attempt is made to create an equivalent
fault tree which has more or bigger LSIP subtrees and thereby decrease the size of
the stem. First, the stem and LSIP subtrees of the restructured fault tree are
identified. Then, looking only in the stem, an attempt is made to find an event
that can be changed to create a new LSIP subtree using the method described in
the section entitled " CREATING INDEPENDENT SUBTREES." After each new
subtree is created and looking only in the steadily diminishing stem, the search to
find another event that can be changed to create a new LSIP subtree continues.
The process terminates when a fault tree has been produced that has a stem in
which no additional or larger LSIP subtrees can be created.

A new name is created for the top event of each created subtree. It begins with a
standard prefix, IST , and is followed by an integer which begins with I for each
call of FRMNEWFT. However, the standard prefix can be replaced by a prefix
specified in the procedure call (form d). Using the standard prefix, created names
are IST-1, IST-2, etc., except when a created name is the same as a name already
in the fault tree. When this happens, the created name having the next higher
integer is formed until a distinct name is produced.

After attempts to create additional or larger LSIP subtrees in the restructured
fault tree are complete, the resulting fault tree is separated into its stem and i

'collection of LSIP subtrees. The stem fault tree is produced first. If the stem is
empty, it means the fault tree is two or more LSIP subtrees which should be
analyzed separately. Otherwise, the stem fault tree is formed. After the stem

; fault tree has been added to the block file, the collection of LSIP subtrees isi

formed by retaining these subtrees and deleting the rest of the fault tree. If the
collection of LSIP subtrees is empty, it means the fault tree cannot be analyzed by
separating it in this particular way.

A SETS user program error will occur if either the stem fault tree or the collection
of LSIP subtrees fault tree is empty (see APPENDIX A, Section 3.3, Numbered
Errors, error 11). If the stem is empty, the block file will not be changed. If the
stem is not empty and the collection of LSIP subtrees is empty, the stem fault tree
will be added to the block file before the error occurs.

i
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Hence, for parameter FORM 3, fault trees ft , i=1,2,... n, are merged into a singlei
fault tree and modified by options specified in the call. The merged, modified fault
tree is restructured and more or bigger LSIP subtrees which decrease the size of
the stem are created. Then, the resulting fault tree is separated into its stem and
collection of LSIP subtrees.

Each final fault tree, one for FORMI and FORM 2 and two for FORM 3, is checked
to determine if it contains cycles (unending sequences of substitutions). If a fault
tree contains a cycle, a SETS user program error will occur (see APPENDIX A,
Section 3.3, Numbered Errors, error 48); otherwise, fault tree block ft for FORMI
and FORM 2, or fts and fty for FORM 3 will be created and added to the block file.

Options

Options in a call of FRMNEWFT (form e) specify fault tree changes that are made
after the merged fault tree has been produced and before parameter FORMI,
FORM 2, or FORM 3 is processed. Options provide ways to identify and retain a
particular subtree of a fault tree, alter a fault tree by setting specified primary
events to constants, change event names, and change primary and intermediate
event types.

Options that can occur in a FRMNEWFT call are the top option, the trim option,
the omega option, the phi option, the name option and the type option. Any
combination of options can occur and they can occur in any order. Moreover, there
can be more than one occurrence of the same kind of option. However, options are
executed one at a time in the left-to-right order of their occurrence in the call. A
new fault tree exists after each option is executed and it is this fault tree to which
the next option applies.

At least one event must be specified in each FRMNEWFT option and, for the name
option, at least one pair of events must be specified. Ari event not in the fault tree
can be specified in an option, but the event does not cause any changes in the fault
tree. Also, repeating an event in an option has no effect except in the name option
whose elements cause name changes to occur as each element is encountered when
processing the option from left to right. The constant OMEGA cannot occur in an
option in FRMNEWFT.,

I
Every FRMNEWFT option except the name option requires identification and

;
' separation of a subtree from the remainder uf the fault tree so that the subtree

can be retained and the remainder of the fault tree can be deleted. A subtree is
separated from the remainder of the fault tree by removing outputs from events in
the subtree to events not in the subtree. Consider merged fault tree FT-3-AND-4,
which appears first in Figure 4.15, and is reproduced in Figure 4.28 because it will
be used to illustrate the FRMNEWFT options. Subtree S(G50) has four events
which have outputs outside of the subtree: XI, X3, G50, and G60. Removing the
outputs from XI to G20, X3 to C90, G50 to G40, and G60 to G30 separates S(G50)
from the remainder of the fault tree.
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Figure 4.28 Fault tree F 1 -3-AND-4.

Retalning a subtree and deleting the remainder of the fault tree produces an empty
fault tree whenever the retained subtree is empty. This can happen for every
option except the name option. If an option produces an empty fault tree, a SETS
user program error is detected (see APPENDIX A. Section 3.3, Numbered Errors,
error 11).

A top option has the form:
1
'

TOP $ let,le2,....ler

A top option identifies a subtree that will be retained. A top option cannot contain
a primary event of the fault tree.

Subtree S(iel,le2,....le ), determined by intermediate events leg, !=1,2....r, isr
identified and separated from the remainder of the fault tree. Then, the remainder
of the fault tree is deleted leaving S(let,le2,....le ) as the new fault tree. Topr
events of the new fault tree are a subset of events lei, !=1,2,....r.

Consider fault tree FT-3-AND-4 in Figure 4.28. Top option

TOP $ G30

determines subtree S(G30) having top event G30. Events XI, G30, and G60 all have
one output to an event outside of S(G30). Removal of these outputs separates
S(G30) from the rest of the fault tree which is deleted. The fault tree produced by
this option S(G30), is shown in Figure 4.29.
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Figure 4.29 Fault tree defined by LOP $ G30 from fault tree FT-3-AND-4.

A trim option has the form:

TRIM $ f ,f ft 2 r

A trim option identifies a subtree to be retained. An input of an intermediate
event defined by a SPECIAL gate cannot be specified in a trim option. (If inputs of
an intermediate event defined by a SPECIAL gate were trimmed, the logic
expression for the event would have to be changed so it does not depend on the
trimmed inputs. Currently, this is not done.)

Imagine fault tree, ft', created from original fault tree, ft, by removing every
output of each event specified in the trim option. Removing every output of a
primary event produces an event that is deleted because a primary event must have
at least one output. Removing every output of an intermediate event that has at
least one output, produces a top event of ft' that is not a top event of ft. Also, if
an intermediate event has at least one output and all of its inputs are removed
because they are also outputs of events specified in a trim option, the event is
changed to a developed event having the same name as the intermediate event. An
intermediate event is deleted if it has no outputs and all of its inputs are removed.
The subtree retained by a trim option is the subtree of ft' determined by top events
of ft' that are not specified in the trim option.

Consider fault tree FT-3-AND-4 in Figure 4.28. Trim option

TRIM $ X2, G60

defines fault tree FT-3-AND-4' in which outputs of X2 and G60 have been
removed. Event X2 is deleted because it is a primary event and all of its outputs
have been removed. Also, intermediate event G50 in FT-3-AND-4 is a developed
event in FT-3-AND-4' because all of its inputs have been removed. Events G10
and G60 are top events of FT-3-AND-4', but only G10 is not specified in the trim
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option. Thus, as shown circumscribed by a dashed line in Figure 4.30, subtree
S(G10) of fault tree FT-3-AND-4' is retained as the new fault tree.
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Figure 4.30 Fault tree FT-3-AND-4' and subtree S(G10) defined by
TRIM $ X2, G60.

An omega option has the form:

OMEGA $ peg,pe2,... per

An omega option specifies primary events that are set to the constant OMEGA. An ]
'

omega option cannot contain an intermediate event.

After primary events, pei, l=1,2,....r are set to OMEGA, intermediate events that
can be determined to be constant (OMEGA or / OMEGA) as a result of the primary
event settings are identified. Determining that an intermediate event is constant
depends on whether or not any of its inputs are constant and the type of gate which
defines the event.

An intermediate event defined by an OR gate is set to OMEGA if any input is
OMEGA, and it is set to / OMEGA if all of its inputs are / OMEGA.

An intermediate event defined by an AND, PRIORITY AND, or INHIBIT gate is set
to / OMEGA if any input is / OMEGA, and it is set to OMEGA if all of its inputs are
OMEGA.
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Two cases arise for an intermediate event defined by an EXACTLY ONE gate:

1. Allinputs are constant.

If exactly one input is OMEGA, the intermediate event is set to OMEGA;
but, if there is not exactly one input that is OMEGA, the intermediate
event is set to / OMEGA.

2. Some, but not all, inputs are constant.

If exactly one of the constant inputs is OMEGA, the EXACTLY ONE gate
is changed to a SPECIAL gate whose logic expression is a product of
complements of inputs that are not constant. If more than one constant
input is OMEGA, the intermediate event is set to / OMEGA.

If any inputs of an intermediate event defined by a SPECIAL gate are constant, the
logic expression which defines the event is expanded, simplified, and factored using
the reduction process described in Section 4.1.5, Reduce Equation. If the
expression reduces to OMEGA or / OMEGA, the event is set to this constant;
otherwise, the reduced expression replaces the logic expression which defines the
event.

After every intermediate event in the fault tree that can be determined to be
constant has been set to OMEGA or / OMEGA, constant events are trimmed from
the fault tree. This means all primary and intermediate events set to OMEGA or
/ OMEGA are treated as if they had been specified in a trim option. (A constant
input of an Intermediate event defined by a SPECIAL gate can be trimmed in this
situation because the logic expression for the event has been correctly reduced.)

Consider fault tree FT-3-AND-4 in Figure 4.28. Omega option

OMEGA $ XI, X3

causes primary events XI and X3 to be set to OMEGA. Intermediate events G60,
G80, and G90 are determined to be OMEGA; and events G30 and G70 are
determined to be / OMEGA. Fault tree FT-3-AND-4' is created from FT-3-AND-4
by removing all outputs of events XI, X3, G60, C80, G90, G30 and G70 as if the
events had been specified in a trim option.

Events XI X3, G30, and G80 are not in FT-3-AND-4'; they are deleted because all
of their 1rputs and outputs are removed during the trim process. The new fault
tree has top events GIO, G60, G70, and G90, but only GIO is not specified in the
trim option. Subtree S(C10) of fault tree FT-3-AND-4', circumscribed by a dashad
line in Figure 4.31, is the fault tree created by this option.

A phi option has the form:

PHI $ peg,pe2,....per

A phi option specifies primary events that are set to the constant / OMEGA. A phi
option cannot contain an intermediate event.
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Figure 4.31 Fault tree FT-3-AND-4' and subt[ee S(G10) defined by
OMEGA $ XI, X3.

A phi option is processed the same way an omega option is processed except that
primary events, pet, i=1,2,...,r, are set to / OMEGA instead of OMEGA. Consider
fault tree FT-3-AND-4 in Figure 4.28. Phi option

PHI $ X3, X7

causes primary events X3 and X7 to be set to / OMEGA. Intermediate events G80
and G90 are determined to be / OMEGA. Fault tree FT-3-AND-4' is created from
FT-3-AND-4 by removing all outputs of events X3, X7, G80, and G90 as if they
had been specified in a trim option. Events X3, X7, and G90 are not in the new
fault tree; they are deleted because all of their inputs and outputs are removed
during the trim process. The new fault tree has top events G10 and G80, but only
GIO is not specified in the trim option. Subtree S(GIO) of fault tree FT-3-AND-4',
circumscribed by a dashed line in Figure 4.32, is the fault tree created by this
option.

l
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Figure 4.32 Fault tree FT-3-AND-4' and subtree S(C10) defined by PHl$ X3, X7.

A name option has the form:

NAME$ f g =f ',f f 'a f :fr*t 2 2 r

A name option changes event names in a fault tree. Event name ft is changed to
f ', event name f2 s changed to f ', etc., until event name f is changed to fr'-i 2 rt
Each name change takes place as the old and new name pair for the change is
encountered when processing the option from left to right. An error is detected if

* the fault tree already has an event with the same name as a new name specified in
the option (see APPENDIX A. Section 3.3, Numbered Errors, error 15).

Conalder fault tree FT-3-AND-4 in Figure 4.28. Name option

NAME$ X3= AUX-POWER, X7= POWER

causes the names of primary events X3 and X7 to be changed to AUX-POWER and
POWER, respectively. The fault tree created by this option is shown in Figure 4.33.
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Figure 4.33 Fault tree defined by NAME$ X3= AUX-POWER, X7= POWER

from fault tree FT-3-AND-4.

A type option has the form:

(type)$ f .f f12 r

A type option identifies events whose types.will be changed to the type specified in
the option. Primary events can be changed to another type of primary event.
Intermediate events can b'e changed to a type of primary event or to another type
of intermediate event. However, a primary event cannot be changed to an
intermediate event, and no event can be changed to an intermediate event defined
by a SPECIAL gate.

A type option can be used to change any event to a primary event. The type of
events f , !=1,2,....r. will be set to the primary event type specified by (type > int
the option. Choosing primary event type BE, EE, DE, UE, or CE for (type >
changes the events specified in the option to basic, external, developed,
undeveloped, or conditioning events, respectively.

A primary event is changed to another type of primary event simply by changing
the type of the event to the type specified in the option. Changing an intermediate
event to a primary event is achieved by removing all inputs of the intermediate
event and replacing its gate type by the primary event type specified in the
option. Removing all inputs of every intermediate event specified in the option
can produce events without any outputs. (If every output of event X is an input of
an intermediate event specified in the option, removing inputs of the intermediate

164

_ . _ _ _ _ . . _ . _ _ . _ _ _ _ __ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _

FRMNEWFT

.

events leaves X without any outputs.) Primary events without outputs are deleted
because primary events must have at least one output. Intermediate events
without outputs are identified and treated as if they had been specified in a trim
option.

A type option can be used to change an intermediate event to another type of
intermediate event. The gate type of intermediate events f , i=1,2,....r will be sett
to the gate type specified by (type > in the option. Choosing gate type AG, OG,
EOG, PAG, or IG (but not SG) for (type > changes the logic which defines the
intermediate event to AND, OR, EXACTLY ONE, PRIORITY AND or INHIBIT,

j

respectively. Changing the logic of an intermediate event is achieved simply by
setting the gate type of the event to the gate type specified in the option.

Consider fault tree FT-3-AND-4 in Figure 4.28. Type option

DE$ X4, G30

changes basic event X4 and intermediate event G30 into developed events. No
! further processing is required for primary event X4. Inputs of intermediate event

|G30 are removed leaving G60 with one output and G70 without any outputs. Thus, !
G70 is the only event treated as if it had been specified in a trim option. Outputs |of G70 have already been removed so the fault tree has top events C10 and G70,

|
t but only G10 is not specified in the trim option. Subtree S(G10) of fault tree ;

FT-3-AND-4', circumscribed by a dashed line in Figure 4.34, is the fault tree |
created by this option. I

Printed Output i

The printed output produced by the Form New Fault Tree procedure begins with
the output produced by merging fault trees ft , i=1,2,...,n. This output consists of ai
list of the fault trees merged and has the form:

FAULT TREES MERGED

1. fti |
2. ft2
. .

. .

. .

n. ftn

Options specified in a FRMNEWFT call are processed after the merged fault tree
has been formed. They are processed one at a time in the left-to-right order that
they appear in the call. The fault tree is modified as each option is processed and
information about the modification is printed. The printed output for every option
begins with a representation of the option and ends with a message indicating the
number of events removed from the fault tree because of the option. This is the
only output produced for the top, trim, name, and type options. For omega and phi
options, a list of constant events is also printed. If an event specified in an option
is not an event in the fault tree, a message indicating the fault tree does not
contain the event is printed. Suppose a top option specifies events A, B, and C,
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Figure 4.34 Fault tree FT-3-AND-4' and subtree S(G10) defined by DE$ X4, G30.

I

and that A and C are in the fault tree, but B is not. If this option does not cause
any events to be removed from the fault tree, the output has the form:

TOP $ A, B, C

THE FAULT TREE DOES NOT CONTAIN B

THERE WERE NO EVENTS REMOVED
BECAUSE OF THIS TOP OPTION
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If the option causes w > 0 events to be removed from the fault tree, the output has
the form:

TOP $ A, B, C

THE FAULT TREE DOES NOT CONTAIN B

THERE WERE w EVENTS REMOVED
BECAUSE OF THIS TOP OPTION

(The name option does not cause events to be removed from the fault tree, so the
form of the output for w > 0 never occurs for this option.)

The list of constant events printed for omega and phi options contains primary
events set to OMEGA or / OMEGA because they were specified in the option and
intermediate events determined to be OMEGA or / OMEGA from the primary event
settings. Suppose primary event A is specified in a phi option and intermediate
events B and C are determined to be OMEGA and / OMEGA, respectively. Suppose
also, that treating these constant events as if they had been specified in a trim
option, which is part of the processing for the omega and phi options, causes w > 0
events to be removed from the fault tree. The printed output for this option has

, the form:
1

PHl$ A

A=/ OMEGA
B= OMEGA
C=/ OMEGA,

THERE WERE w EVENTS REMOVED
BECAUSE OF THIS PHI OPTION

It is possible that an omega or phi option villi produce the message that there were
|. no events removed fron) the fault tree. If none of the events specified in the

option are in the fault tree, none of the fault tree events are constant and no
events are trimmed from the fault tree. Suppose event A in the previous example
is not in the fault tree. The printed output has the form:!

PHl$ A

THE FAULT TREE DOES NOT CONTAIN A

THERE WERE NO EVENTS REMOVED
BECAUSE OF THIS PHI OPTION

The output produced by merging fault trees and applying options occurs for every
cali of FRMNEWFT. Differences in the output arise from the different processing
indicated by parameters FORM 1, FORM 2, and FORM 3.

Parameter FORMI creates a single fault tree, ft, which is the merged, modified
fault tree. It does not require further processing. The rest of the printed output
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i

for FORMI consists of information about ft. Developed event information is
printed first. If ft does not have any developed events, the message

.

THERE ARE NO DEVELOPED EVENTS IN ft

is printed; otherwise, a list of the developed events in the fault tree, D ,J
J=1,2,....m is printed in the form:

DEVELOPED EVENTS IN ft

1. D1
2. D2
. .

. .

. .

m. Dm
<

Next, information about equivalent intermediate events in it is printed. No
message is printed if there are no equivalent events. Otherwise, equivalent
intermediate events are listed as a group. If there is more than one group, each
group is listed. Equivalent events do not cause any changes in the fault tree; they
are simply identified and listed.

After equivalent events have been listed, a message indicating the fault tree does
not contain cycles is printed. (SETS user program error 48 occurs if the fault tree
contains cycles.) Then, top events of the fault tree are listed, and a message
showing fault tree block ft has been added to the block file is printed. Suppose ft
has one group of equivalent events Ej, ]=1,2,....m. and top events T , k=1,2,...,s. Ifk
ft does not contain cycles, the following output is printed:

THE FOLLOWING EVENTS ARE EQUIVALENT
.

1. El
2. E2

.

. .

. .

. .

m. Em

THERE ARE NO CYCLES IN ft

TOP EVENTS OF ft

1. Ti
2. T2
. .

. .

. .

s. Ts

FAULT TREE BLOCK ft
HAS BEEN ADDED TO THE BLOCK FILE
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Developed event information printed for parameter FORMI is also printed for
parameter FORM 2. Printed output about equivalent events, cycles, top events, and
adding the fault tree to the block file is printed for every fault tree created by
FRMNEWFT.

The printed output for parameter FORM 2 differs from the output for FORMI only
by the output produced when the merged, modified fault tree is restructured.
Restructuring occurs after options in the procedure call have been processed and
before developed events are identified and printed. For FORM 2, restructuring
consists of removing certain single-input events and coalescing certain
single-output events with their output events. Each of these ways of restructuring
the fault tree produces printed output. Suppose single-input events Uj, j=1,2,....m.
are removed from the fault tree and events V , k=1,2,....s are coalesced with theirk
respective output events. The printed output has the form:

SINGLE-INPUT EVENTS REMOVED

1. U1
2. U2
. .

. .

. .

m. Um

EVENTS REMOVED BY COALESCING

1. Vi
2. V2
. .

. .

. .

s. Vs

If no single-input events are removed from the fault tree, the message

. NO SINGLE-INPUT EVENTS WERE REMOVED

| Is printed instead of a list of single-input events removed; and if no events are
coalesced, the message

NO EVENTS WERE COALESCED

is printed instead of a list of events removed by coalescing.

Parameter FORM 3 produces two fault trees. The merged, modified fault tree is
restructured and an attempt is made to create independent subtrees which
decrease the size of the stem, before the resulting fault tree is separated into its
stem and collection of LSIP subtrees.

Restructuring for FORM 3 includes all three ways of restructuring a fault tree:
removing single-input events, coalescing events with their outputs, and combining
multiple-output events which have the same outputs. For FORM 3, restructuring is

..
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an iterative process because combining multiple-output events can produce
single-input events that can be removed or events that can be coalesced with their
output events.

A message identifies the beginning of each iteration of the process. It is followed
by information about single-input events removed, events coalesced, and events
combined during that iteration. Single-input events removed and events removed
by coalescing are simply listed for each iteration. Events removed by combining
are listed in groups. A separate message is printed for each group of

,

multiple-output events that are combined; it identifies the event that remains in'

the fault tree and lists the events that are combined with it and then removed from
the fault tree. Suppose single-input events Uj, j=1,2,... m. are removed from the
fault tree and events V , k=1,2,...,s, are coalesced with their output events duringk
the p-th iteration. Suppose also, that multiple-output events WX,g, g= 1,2,....r.
which have the same outputs as event X, and multiple-output events WY,h.
h=1,2,...,q, which have the same outputs as event Y, are combined with events X
and Y, respectively. The printed output for the p-th iteration has the form:

ITERATION p

SINGLE-INPUT EVENTS REMOVED

1. Ui
2. U2
. .

. .

. .

m. Um

EVENTS REMOVED BY COALESCINGi

L

1. Vi
2. V2i

. .

. .

. .

s. Vs

EVENTS REMOVED AFTER BEING
COMBINED WITH EVENT X

1. WX1
W ,22. X.

. .

; . .

. .

r. WX,r
|

|
|
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EVENTS REMOVED AFTER BEING
COMBINED WITH EVENT Y

1. Wy1
W ,22. Y,

. .

. .

. .

q. Wy,q

If, on a particular iteration, no single-input events are removed, the message

NO SINGLE-INPUT EVENTS WERE REMOVED

is printed instead of a ilst of events removed. Similarly, if no events are coalesced
on a particular iteration, the message

NO EVENTS WERE COALESCED

is printed instead of a list of events removed by coalescing. Finally, if no events
are combined on a particular iteration, the message

NO EVENTS WERE COMBINED

is printed instead of groups of events removed by combining. Following the final
iteration, which is an iteration during which no multiple-output events are
combined, the message

ITERATIONS COMPLETED

is printed.

After the fault tree has been restructured, an attempt is made to create LSIP
subtrees that decrease the size of the stem. If no new subtrees can be created, the
message

NO LSIP SUBTREES WERE CREATED

is printed. Otherwise, the top event and its inputs for each created subtree are
listed in the form:

TOP EVENTS AND THEIR INPUTS
FOR CREATED LSIP SUBTREES

IST-1
input I for IST-1
input 2 for IST-1

.

.

'

input KIST-1 for IST-1
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IST-2
input I for IST-2
input 2 for IST-2

.

.

'

IST-2 or IST-2finput k

.

.

.

IST-w
input I for IST-w
input 2 for IST-w

.

.

'

Input KIST-w for IST-w

After the fault tree is restructured and subtrees have been created, stem fault
tree, fts, is formed by deleting every LSIP subtree. Each subtree removed is
replaced by a developed event having the same name as the top event of the
removed subtree. However, all other events in the LSIP subtrees are deleted. The
message

THERE WERE w EVENTS REMOVED
TO FORM THE STEM FAULT TREE fts ;

indicates how many events were removed to form the stem fault tree. Following
this message, the messages for fts about equivalent events, cycles, top events, and
adding the fault tree to the block file are printed.

If fts is empty, the fault tree is two or more LSIP subtrees and a SETS user
program error occurs when an attempt is' made to form fts (see APPENDIX A.
Section 3.3, Numbered Errors, error 11). For this case, neither fts nor ftg will be
added to the block file.

After the stem fault tree is formed, the collection of LSIP subtrees fault tree, ft ,l
is formed. All of the events except those in the LSIP subtrees are removed to form
ft . The messaget

THERE WERE w EVENTS REMOVED
TO FORM THE COLLECTION OF LSIP
SUBTREES FAULT TREE fty ,

indicates how many events were removed to form ftg. Following this message, the
messages for ft; about equivalent events, cycles, top events, and adding the fault
tree to the block file are printed.

.
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If the fault tree does not have any LSIP subtrees, ftg is empty and a SETS user
program error occurs when an attempt is made to form ft1 (see APPENDIX A,
Section 3.3, Numbered Errors, error 11). For this case, fts has already been added
to the block file when the error occurs, but fty will not be added to the block file.

Example
;

Consider SETS user program:

PROGRAMS FRMNEWFT EX.
DLT8LK.
RDFT (SYS 1, SYS-2, ELEC).
FRMNEWFT (FORM 1S SYS 1, SYS 2/ SYS-FORM 1).

FRMNEWFT (FORMIS SYS 1/ TMP SYS-1* DES G3).
RDFT (NEW G3).
FRMNEWFT (FORMIS TMP-SYS 1, NEW-G3/ NEW SYS-1).
FRMNEWFT (FORM 3S(NEW ST-) NEW SYS-1, SYS-2, ELEC/ SYS-STEM, SYS-LS!P).

The first statement in the SETS user program deletes every block from the block
file and initializes the file. The second statement reads fault trees SYS-1, SYS-2,
and ELEC which are shown in Figure 4.35.

(a) SYS-1 i

L-

G2 G3

II II
I I

G4 A M

_

l
G6 K G G8 IPOWER-2 1

_ _

||
I I I

I P06-t I G9 8 GIO GIO C

2 2
V V_

F H

Figure 4.35 Fault trees (a) SYS-1, (b) SYS-2, and (c) ELEC.
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Figure 4.35 Fault trees (a) SYS-1, (b) SYS-2, and (c) ELEC (continued).

The first FRMNEWFT statement merges fault trees SYS-1 and SYS-2 and, in
accordance with parameter FORM 1, produces the single fault tree, SYS-FORMI.
The output from this call of FRMNEWFT shows the merged fault tree contains
developed event POWER-1. This suggests event POWER-1 was not developed, or
its development was omitted from the list of fault trees to be merged. In this
example, fault tree ELEC, having top event POWER-1, was omitted from the call.
The output also shows events AUX and G5 are equivalent. The printed output is as
follows:
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FRMNEWFT (FORM 1S SYS-1, SYS 2/ SYS-FORM 1).

FAULT TREES MERCED

1. SYS-1
2. SYS 2

DEVELOPED EVENTS IN SYS FORM 1

1. POWER 1

THE FOLLOWING EVENTS ARE EQUIVALENT

1. AUX

2. G5

THERE ARE NO CYCLES IN SYS-FORM 1

TOP EVENTS OF SYS FORM 1

1. G1

2. G11

FAULT TREE BLOCK SYS FORM 1
HAS BEEN ADDED TO THE BLOCK FILE

STATEMENT EXECUTION REQUIRED .060 SECONDS FOR FRMNEWFT

Suppose events AUX and G5 were known to be equivalent when SETS user program
FRMNEWFT-EX was written, and event GS should be changed to AUX. The name
option cannot be used to change G5 to AUX because SYS-1 already has event
AUX. The fault tree input can be changed and read again, but FRMNEWFT calls
can also be used to change G5 to AUX. The FRMNEWFT call with option DE$ G3
creates fault tree TMP-SYS-1 having developed event G3. Primary event A and
subtree S(GS) have been trimmed; six primary events (A, B, C, K G10, and
POWER-2) and three intermediate events (GS, G7, and G8) have been removed
from the fault tree. The printed output produced by this FRMNEWFT call is as
follows:

FRMNEWFT (FORMIS SYS-1/ TMP-SYS 1* DES G3).

FAULT TREES MERGED

1. SYS-1

DES G3).

THERE WERE 9 EVENTS REMOVED

BECAUSE OF THIS TYPE OPTION

DEVELOPED EVENTS IN TMP SYS-1

1. G3

2. AUX

3. POWER 1

THERE ARE NO CYCLES IN TMP SYS-1

TOP EVENTS OF TMP SYS 1

1. G1

FAULT TREE BLOCK TMP SYS-1
HAS BEEN ADDED TO THE BLOCK FILE

STATEMENT EXECUTION REQUIRED .046 SECONDS FOR FRMNEWFT

175



FRMNEWFT

i

!
'

The next statement of the SETS user program adds fault tree NEW-G3 to the block
file. This fault tree redefines the G5 input of event G3 as shown in Figure 4.36.

||
I

o

Figure 4.36 Fault tree NEW-G3.

Merging TMP-SYS-1 and NEW-G3 in the next call of FRMNEWFT, creates a new
system-1 fault tree. Subtree S(G5) has been replaced by developed event AUX
which now has two outputs: G2 and G3. Fault tree NEW-SYS-1. Created by this
call of FRMNEWFT, is shown in Figure 4.37.
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Figure 4.37 Fault tree NEW-SYS-1.
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The last statement is a FRMNEWFT call with parameter FORM 3. Fault trees
NEW-SYS-1, SYS-2, and ELEC are merged into a single fault tree. The merged
fault tree is restructured to remove single-input events G4 and G12, coalesce
event G6 with G2 and then POWER-1 with G2, combine events G8 and POWER-2
with G7, and remove single-input event G13 (created when G8 and POWER-2 were
combined with G7). A new LSIP subtree S(NEW-ST-1) is created using the prefix
specified in the call to form the name of its top event. It contains and is bigger
than single-top, independent, proper subtree S(GIO). Two fault trees, SYS-STEM
and SYS-LSIP, are created by this FRMNEWFT call and they are shown in
Figure 4.38.

(a) SYS-STEM i

-

|

G G3

|| ||

Gli \ Ni \ G7

G2 / G2

G N*
g ,3, [- --

1 I

INKI O G K INEW-ST-l 1

2 2 2

(b) SYS-LSIP INEd-ST-t I

-

E

-
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H J

Figure 4.38 Fault trees (a) SYS-STEM and (b) SYS-LSIP.
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The printed output produced by the FRMNEWFT call that creates fault trees
SY!:-STEM and SYS-LSIP is as follows:

FRMMP r (FORM 3S(NEW ST-) NEW SYS-1, SYS 2, ELEC/ SYS STEM, SYS-LSIP).

FAULT TREES MERGED

1. NEW-SYS 1
2. SYS 2
3. ELEC

ITERATION 1 -

SINGLE-INPUT EVENTS REMOVED

1. G4

2. G12

EVENTS REMOVED BY COALESCING

1. G6
2. POWER 1

EVENTS REMOVED AFTER BEING
COM5!NED WITH EVENT G7

. 1. G8
2. POWER 2

ITERATION 2

SINGLE INPUT EVENTS REMOVED

1. G13

NO EVENTS WERE COALESCED

NO EVENTS WERE COMBINED

ITERATIONS COMPLETED

TOP EVENTS AND TMF . INPUTS
FOR CREATED LSIF ,JBTREES

NEW ST 1
|

B

G1D

C
E

! THERE WERE 8 EVENTS REMOVED
TO FORM THE STEM FAULT TREE SYS STEM

THERE ARE NO CYCLES IN SYS STEM

TOP EVENTS OF SYS-STEM

1. G1

2. G11

FAULT TREE BLOCK SYS-STEM
HAS BEEN ADDED TO THE BLOCK FILE

THERE WERE 9 EVENTS REMOVED
TO FORM THE COLLECTION OF LSIP
SUBTREES FAULT TREE SYS-LSIP:

THERE ARE NO CYCLES IN SYS LSIP
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j

TOP EVENTS OF SYS LSIP

1. C9
2. NEW-ST-1

FAULT TREE BLOCK SYS-LSIP
HAS BEEN ADDED TO THE BLOCK FILE

STATEMENT EXECUTION REQUIRED .178 SECONDS FOR FRMNEWFT
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4.4.3 Generate Fault Tree Equation

The Generate Fault Tree Equation procedure is used to obtain minimal cut set
equations for every top event in a fault tree. A SETS user program segment is
generated which, when executed, produces minimal cut set equations for the top
events, creates a block which contains the equations, and enters the block into the
block file. Parameters in the call specify the fault tree to be processed and the
name of the block to be created. Another parameter determines whether a
top-down or a bottom-up method is used to obtain the equations. If parameters for
computing term values occur in the call, truncated minimal cut set equations are
obtained. For example, suppose fault tree NEW-FT, which is first shown in
Figure 4.13 and is reproduced here for convenience, is in the block file.

Gt \ G4

G2
G3

I I
G2 G3 8 C

| || ||
| |

A I G4 I G4 0

/\

Figure 4.39 Fault tree NEW-FT.

Execution of procedure call statement

GENFTEQN (METHODi$ NEW-FT/ GI-MCS-EQN)

produces SETS user program segment:

LDBLK (NEW-FT).
SUBINEQN (G1, Gl* STOP$ G4).
REDUCEQN (GI, Gl).
SUBINEQN (GI, GI).
REDUCEQN (G1, GI).
FRMBLK (GI-MCS-EQN" ONLY$ GI).

This program segment is executed as if it had occurred in the SETS user program in
place of the GENFTEQN call. The equations for all of the intermediate events of
NEW-FT are loaded into the equation file. An equation for G1 that is a function of
primary events and multiple output event G4 is formed and reduced. This equation,

G1 = G4"(A + D)

replaces the original equation for G1 in the equation file. Substituting into the new
equation for G1 without any stops produces an equation for G1 that is a function of
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only primary events. After reduction, although no simplifications occur in this
case, the equaticn

G1 = (B + C)"(A + D)

contains the minimal cut sets for Gl. A block, GI-MCS-EQN, containing only the
minimal cut set equation for G1, is formed and added to the block file. This
top-down approach, determined by parameter METHODI, produces a minimal cut
set equation for G1 in two stages.

Procedure Call

A call of the Generate Fault Tree Equation procedure has one of the forms:

a. GENFTEQN (METHODi$ ft/ eb).

b. GENFTEQN (METHOD 2$ ft/ eb).

c. GENFTEQN (PUNCH $ (parameter form a or b>).

d. GENFTEQN (<any a through c parameter form >"

q t,vb ,q2,vb . .9s,vb )-t 2 s
i

e. GENFTEQN (<any a through c parameter form)"

EXTREME $ q1,vb ,q2,vb . .9s,vbs)-t 2

Parameter ft indicates the fault tree to be processed. A SETS user program
segment is produced which, when executed, generates a minimal cut set equation
for every top event of ft.

Parameter eb is the equation block that is formed by the user program segment; it
contains minimal cut set equations for top events of ft.;

Parameters METHODI and METHOD 7. determine the method that will be used to
generate the minimal cut set equations. METHODI specifies a top-down approach l,

'

i and METHOD 2 specifies a bottom-up approach.
;

Parameter PUNCH causes the SETS user program segment to be punched instead of
executed. After the segment is punched, execution of the SETS user program is
terminated. If parameter PUNCH occurs in a GENFTEQN call, it must be the first

{ parameter in the call.

k iEach parameter pair, qk and vb , k=1,2,....s. specifies a computation. Each qk s
either ck or ek k which contains computation type ck and truncation value I . If ik/l k

i is present. The corresponding vbk specifies the value block that contains the
variable values to be used in the computation specified by qk. If computations are
specified in a GENFTEQN call, TRNTRMVAL calls replace REDUCEQN calls in ther

| SETS user program segment produced. Execution of a user program segment
having TRNTRMVAL calls produces a truncated minimal cut set equation for every
top event of ft. If parameter EXTREME occurs, only minimal cut sets having the;

extreme value for every computation are retained.

|
~

182
,

_. - - - - - . - - - - - . . - - - _ - - _ . - .-.-



GENFTEQN

Processing Achieved

The Generate Fault Tree Equation procedure produces a SETS user program
segment which, when executed, generates minimal cut set equations for top events
of a fault tree. The right-side expression of a minimal cut set equation for any
intermediate event can be generated by forming an expression for the intermediate
event that is a function of only primary events and then reducing it to obtain an
expression which contains all and only minimal cut sets. In GENFTEQN, two
methods are used to generate minimal cut set expressions: top-down and
bottom-up.

TOP-DOWN METHOD

An intermediate event expression that is a function of only primary events can be
built up by a series of substitutions. The expression begins as the intermediate
event, and the first substitution replaces the intermediate event by its equivalent
right-side expression. Then, intermediate events introduced by the first or
subsequent substitutions are replaced by their right-side expressions until only>

primary events remain in the expression. The resulting expression is then reduced
to obtain minimal cut sets. This is a top-down method because the substitutions

begin with the substitution for the intermediate event whose expression is being
built up and proceed with substitutions for intermediate events at successively
lower levels in the subtree for the event. However, there are more efficient ways
to apply the top-down method than to complete all of the substitutions and then
try to reduce the expression in one step.

In GENFTEQN, the top-down method is applied in stages. A stage in the top-down
development of an expression is created by stopping the substitution process at
selected intermediate events. After reduction of the expression at this stage,
substitution is reinitiated -- perhaps with stop points that create another stage in

|- the development of the expression. Ultimately, the substitution process is
! reinitiated without stop points which creates the final stage.
t

| The efficiency of applying the top-down method in stages derives from reducing
the expression at each stage in its development. Subsuming terms are removed by
applying P + P"O = P: terms having complementary variables are removed by
applying P"/P = / OMEGA, P"/ OMEGA = / OMEGA, and P+/ OMEGA = P: ali except
one occurrence of repeated variables in a term are removed by applying P"P = P:
and terms are factored to reduce the number of occurrences of common variables.
Removing terms and variables from an expression at an interim stage of its
development precludes further substitutions for these terms and variables, thus
avoiding the subsequent work required to identify and remove terms and variables
introduced by these substitutions. Suppose

(X + Y)"(X + Z) (4-23)

occurs at some stage in the development of an expression. Continued development
of Exp. 4-23 without reduction involves four two-variable terms: X*X, X"Z, Y"X,
and Y"Z. However, reduction of Exp. 4-23 at this stage by P"P = P and
P + P"Q = P produces

X + Y"Z (4-24)
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which involves only one one-variable term and one two-variable term. The amount
of work saved by substituting into and reducing Exp. 4-24 instead of Exp. 4-23 can
be enormous.

Expressions from coherent fault trees do not have terms that contain
complementary variables. However, removing such terms from expressions
developed from noncoherent fault trees by applying P"/P = / OMEGA, P"/ OMEGA =
/ OMEGA, and P+/ OMEGA = P can also produce huge savings.

Factoring at an interim stage also contributes to the efficiency of developing an
expression in stages. Factoring out a common variable decreases the number of
occurrences of the variable in the expression. Subsequent expansion by the
distributive law requires less work and saves computer time. Suppose

(X"Y) + (X*Z) (4-25)

occurs at some stage in the development of an expression. Continued development
of Exp. 4-25 without factoring means that X must be expanded twice. However,
factoring Exp. 4-25 produces

X"(Y + Z) (4-26)

in which X must be expanded only once.

Stop points for stages can be arbitrarily chosen. However, except for deleting
terms because they contain complementary variables, each way of removing
variables and terms from an expression (i.e., P + P"Q = P, P"P = P, and factoring)
involves repeated occurrences of the same variable; and choosing multiple-output
intermediate events as stop points tends to exploit this characteristic.

In GENFTEQN, stop points for the top-down development of a minimal cut set
equation for top event t are chosen in the following way. Multiple-output
intermediate events in S(t) are identified. Then, starting with event t, every
branch of S(t) is followed until it terminates with a primary event or until a
multiple-output event of S(t) is encountered. Distinct multiple-output events of
S(t) encountered in this way are the stop points for the first stage. Second stage
stop points are determined by repeating this process for every stop point of the
first stage. For each stop point of the first stage, start with the stop point and
follow every branch of its subtree until it terminates with a primary event or until
it encounters a multiple-output event of S(t). The distinct multiple-output e tents
of S(t) encountered following branches of the subtrees for stage I stop point s are
the stop points for the second stage. Stop points for successive stages are found in
a similar way, i.e., by following branches of the subtrees for all stop points of the
previous stage. Ultimately, a stage occurs for which none of the subtrees for the
stop points of that stage contain multiple-output events of S(t). This produces the
final stage which has no stop points.

Fault tree EQN-METHODS, shown in Figure 4.40, has top events G1 and G6.
Consider finding stop points for the top-down development of a minimal cut set
equation for Gl. Events G3, G5, and G10 are multiple-output intermediate events
in S(Gl). (Event G8, a multiple-output event in EQN-METHODS, is a single-output
event in S(GI).) Starting with event G1 and following branches of S(Gl), two
distinct moltiple-output events of S(Gl) are encountered: G3 and G5. These events
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are stop points for stage 1. Stop points for stage 2 are determined by applying the
same procedure, first to G3 and then to GS. Two multiple-output events of S(Gl),
G5 and GIO, are encountered while following branches of S(G3); and event GIO is
encountered again while following branches of S(G5). Thus, distinct stop points for
stage 2 are G5 and GIO. Following branches of S(C10) does not produce any stop
points for the third stage, but following branches of S(GS) produces GIO which is
the only stop point of stage 3. As before, following S(G10) does not encounter any
multiple-output events of S(GI): and the final stage, stage 4, has no stop points.
Thus, stop points for the top-down development of a minimal cut set equation for
G1 in four stages are as follows:

Stage 1 - G3, G5
Stage 2 - G5, GIO
Stage 3 - GIO
Stage 4 - none
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Figure 4.40. Fault tree EQN-METHODS.
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One way to determine stop points for the top-down method has been described.>

This is the way stop points are chosen in GENFTEQN, and it is usually much more
efficient than applying the method in one step. However, difficult problems that
cannot be solved using stages chosen this way, sometimes yield to a different
choice of stages.

The SETS user program segment produced by GENFTEQN for the top-down method
begins with a call of LDBLK which loads the intermediate event equations of ft
into the equation file. Then, for each top event of ft, the program segment
c9ntains a series of statements which generates a minimal cut set equation for the'

. top event in stages. Each stage requires a SUBINEQN call and a REDUCEQN call.
I Stop points for each stage appear in a stop option in the SUBINEQN call for that

stage. Since the final stage has no stop points, the corresponding SUBINEQN call,

i has no stop option. The final statement in the segment is a FRMBLK call that
creates equation block eb and enters it into the block file. An only option in the
FRMBLK call lists top events of ft. Thus, block eb contains minimal cut set
equations for all and only top events of ft.

! Application of the top-down method to fault tree EQN-METHODS in Figure 4.40,
! assuming eb is MCS-TOP-DWN, is achieved by the GENFTEQN call

i
GENFTEQN (METHODI$ EGN-METHODS / MCS-TOP-DWN)

which produces the following SETS user program segment:

LDBLK (EQN-METHODS).3

SUBINEQN (Gl Gl* STOP$ G3, G5).
; REDUCEQN (Gl. GI).

SUBINEQN (Gl Gl* STOP$ G5, G10).;
' REDUCEQN (GI, GI).

SUBINEQN (Gl. Gl* STOP$ G10).
REDUCEQN (GI, GI).

,

SUBINEQN (GI, GI).
| REDUCEQN (GI, GI).

SUBINEQN (G6, G6" STOP$ G8, G10).
REDUCEQN (G6, G6).
SUBINEQN (G6, G6* STOP$ G10).

; REDUCEQN (G6, G6).
SUBINEQN (G6, G6).
REDUCEQN (G6, G6).

FRMBLK (MCS-TOP-DWN" ONLY$ G1, G6).

Upon execetion, this SETS user program segment generates the minimal cut set
equation for top event G1 in four stages and the minimal cut set equation for G6 in;

three stages and saves both equations in equation block MCS-TOP-DWN. After the
,

segment is executed, minimal cut set equations for GI and G6 are also in theJ

equation file.

4
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The top-down method can be used to generate truncated minimal cut set
equations. Computation parameters

q t,vb ,q2,vb . .9s vbst 2

in a GENFTEQN call, either by themselves (form d) or preceded by EXTREME
(form e), cause TRNTRMVAL calls to replace REDUCEQN calls in the SETS user
program segment produced by GENFTEQN. Computation parameters specified in
the GENFTEQN call, and EXTREME too if it occurs, are duplicated in each
TRNTRMVAL call. This change alone, however, is not enough to produce a user
program segment that generates truncated expressions.

Values cannot be computed for the terms of an expression unless every variable in
the expression has a value or variables that do not have values are specified in an
option that excludes them from the computations. An excluded variable acts like
an identity element; it does not change the values of terms in which it occurs.
However, truncation at interim stages in the development of an expression is still
meaningful even though terms are deleted if a partial term value exceeds its
corresponding truncation value. Since restricted variable values ensure every term
computation is either monotone increasing or monotone decreasing, variables
excluded from the computations at some stage cannot have a value, either assigned
or computed, that allows a partial term value to exceed the term truncation value
while the term value does not.

Stop points are intermediate events that determine a stage in the development of
an expression. Ordinarily, intermediate events are not assigned values and stop
points must, therefore, be excluded from computations specified in the user
program segment. Consequently, the TRNTRMVAL call corresponding to each
SUBINEQN call with a stop option must have an except noncomplement option
which contains the same variables as the stop option and excludes them from the
computations.

Suppose truncated minimal cut set equations for top events G1 and G6 in fault tree
EQN-METHODS are to be obtained using the top-down method. Suppose also that
term probabilities are to be computed using value block VAR-PROBS; terms having
a probability less than 2.5x10-5 are to be discarded; and the truncated equations
are to be saved in block TRN-MCS-TOP-DWN. The GENFTEQN call would look
like

GENFTEQN (METHODi$ EQN-METHODS / TRN-MCS-TOP-DWN"
PROBABILITY / 2.5E-5, VAR-PROBS).

and it would produce SETS user program segment:

LDBLK (EQN-METHODS).

SUBW".QN (GI, Gl" STOP$ G3, GS).
TRNTRMVAL (PROBABILITY / 2.5E-5, VAR-PROBS* G1, Gl"

EXCEPTNONCMP$ G3, GS).
SUBINEQN (GI, Gl" STOP$ G5, G10).
TRNTRMVAL (PROBABILITY / 2.5E-5, VAR-PROBS" G1, Gl*

EXCEPTNONCMP$ G5, G10).
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SUBINEQN (G1, Gl* STOP$ G10).
TRNTRMVAL (PROBABILITY / 2.5E-5, VAR-PROBS* G1, Gl*

EXCEPTNONCMP$ G10).
SUBINEQN (G1, GI).
TRNTRMVAL (PROBABILITY / 2.5E-5, VAR-PROBS" G1, GI).

SUBINEQN (G6, G6* STOP$ G8, G10).
TRNTRMVAL (PROBABILITY / 2.5E-5, VAR-PROBS* G6, G6"

EXCEPTNONCMP$ G8, G10).
SUBINEQN (G6, G6" STOP$ G10).
TRNTRMVAL (PROBABILITY / 2.5E-5, VAR-PROBS" G6, G6"

EXCEPTNONCMP$ G10).
SUBINEQN (G6, G6).
TRNTRMVAL (PROBABILITY / 2.5E-5, VAR-PROBS" G6, G6).

FRMBLK (TRN-MCS-TOP-DWN" ONLY$ G1, G6). i

BOTTOM-UP METHOD

An intermediate event expression that is a function of only primary events can also
be built up by beginning at the bottom of the subtree for the intermediate event
and generating an expression that is a function of only primary events for every
intermediate event in the subtree. Ultimately, an expression having only primary
events is produced for the top event of the subtree. This expression is then
reduced to obtain minimal cut sets. This is a bottom-up method because it begins
with intermediate events at the bottom of the subtree and progresses through
successively higher levels of the subtree to produce expressions that are functions
of only primary events. Like the top-down method, there are more efficient ways
to apply the bottom-up method than to complete the formation of the expression
for the top event of the subtree and then try to reduce it in one step.

In the bottom-up method in GENFTEQN, expressions that are functions of only
primary events are not generated for every intermediate event in the subtree.
Instead, expressions are generated only for multiple-output intermediate events,
certain intermediate events defined by AND gates, and top events. Also, each
expression is reduced as it is generated.

Expressions for multiple-output intermediate events are generated first and in
groups. Each group is determined by identifying all multiple-output intermediate
events for which equations have not yet been generated and, from among them,
choosing those that are not a function of any of the others. After the expressions
in a group have been formed and reduced, all of the equations in the equation file
are saved in an equation block that is added to the block file. The process of
choosing the next group continues until expressions for multiple-output
intermediate events in the final group have been formed, reduced, and saved.

After the expressions for the multiple-output intermediate events have been
generated, expressions for certain intermediate events defined by AND gates are
generated. First, the subtree determined by all of the multiple-output
intermediate events is identified, and then, single-output intermediate events
defined by AND gates which are not in the subtree are identified. Expressions for
these events are also generated in groups. Each group is determined by identifying

!
l
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the single-output intermediate events defined by AND gates for which equations
have not yet been generated and, from among them, choosing those that are not a
function of any of the others. After expressions have been formed, reduced, and
saved for the events in the final group of intermediate events defined by AND
gates, expressions for top events of the fault tree are generated.

The efficiency of applying the bottom-up method in stages derives from reducing
each generated expression before it is substituted into the expression for an
intermediate event at a higher level in the subtree. Reduction removes terms and
variables from generated expressions and precludes further substitutions for them.
This avoids the subsequent work that would be required to identify and remove
terms and variables introduced by these substitutions.

Application of the bottom-up method to fault tree EQN-METHODS in Figure 4.40,
assuming eb is MCS-BOT-UP, is achieved by the GENFTEQN call

GENFTEQN (METHOD 2$ EQN-METHODS / MCS-BOT-UP)

which produces the following SETS user progtam segment:

LDBLK (EQN-METHODS).

SUBINEQN (GIO, G10).
REDUCEQN (GIO, G10).
DLTBLK (MCS-BOT-UP).
FRMBLK (MCS-BOT-UP).

SUBINEQN (GS, GS).
REDUCEQN (GS, GS).
SUBINEQN (G8, G8).
REDUCEQN (G8, G8).
DLTBLK (MCS-BOT-UP).
FRMBLK (MCS-BOT-UP).

SUBINEQN (G3, G3).
REDUCEQN (G3, G3).
DLTBLK (MCS-BOT-UP).
FRMBLK (MCS-BOT-UP).

SUBINEQN (Go, G4).
REDUCEQN (G4, G4).
SUBINEQN (G7, G7).
REDUCEQN (G7, G7).
DLTBLK (MCS-BOT-UP).
FRMBLK (MCS-BOT-UP).

SUBINEQN (G2, G2).
REDUCEQN (C2, G2).
DLTBLK (MCS-BOT-UP).
FRMBLK (MCS-BOT-UP).

189

_ _ _ _ _ _ _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

GENF1EQN

SUBINEQN (GI, Gl).
REDUCEQN (GI, Gl).
SUBINEQN (C6, G6).
REDUCEQN (G6, G6).
DLT BLK (MCS-BOT-UP).
FRMBLK (MCS-BOT-UP" ONLY$ G1, G6).

Upon execution, this SETS user program segment generates equations for
multiple-output events in three groups: GIO: G5 and G8: and G5. Equations for
intermediate events defined by AND gates are generated in two groups: G4 and G7;
and G2. Finally, minimal cut set equations for top events G1 and G6 are generated
and saved in block MCS-BOT-UP. After the segment is executed, minimal cut set
equations for G1 and G6 are also in the equation file.

*
Like the top-down method, the bottom-up method can be used to generate
truncated minimal cut set equations. A TRNTRMVAL call replaces each
REDUCEQN call in the user program segment. The computation parameters in the
TRNTRMVAL calls are duplicates of the computation parameters in the
GENFTEQN call. Unlike the top-down method, except options do not have to be
used in the bottom-up method because each generated equation is a function of
only primary events and primary events have values.

Suppose truncated minimal cut set equations for top events G1 and G6 in fault tree
EQN-METHODS are to be obtained using the bottom-up method. Value block
VAR-PROBS is to be used to compute term probability, and terms having a
probability less than 2.5x10-5 are to be discarded. The truncated equations are to
be saved in block TRN-MCS-BOT-UP. The GENFTEQN cali would look like

GENFTEQN (METHOD 2$ EQN-METHODS / TRN-MCS-BOI-UP".
PROBABILITY / 2.5E-5, VAR-PROBS).

and it would produce SETS user program segment:
.

LDBLK (EQN-ME T HODS).

SUBINEQN (GIO, G10).
TRNTRMVAL (PROBABILIT Y/ 2.5E-5, VAR-PROBS" G10. GIO).
DLTBLK (TRN-MCS-BOT-UP).
FRMBLK (TRN-MCS-BOT -UP).

SUBINEQN (G5, G5).
TRNTRMVAL (PROBABILITY / 2.5E-5, VAR-PROBS" GS, GS).
SUBINEQN (G8, G8).
TRNTRMVAL (PROBABILITY / 2.5E-5, VAR-PROBS" G8, G8).
DLTBLK (TRN-MCS-BOT-UP).
FRMBLK (TRN-MCS-BOT-UP).

SUBINEQN (G3, G3).
TRNTRMVAL (PROBABILITY / 2.5E-5, VAR-PROBS* G3, G3).
DLTBLK (TRN-MCS-BOT-UP).
FRMBLK (TRN-MC S-BOT-UP).

.
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GENFTEQN

SUBINEQN (G4. G4).
TRNTRMVAL (PROBABILITY / 2.5E-5, VAR-PROBS" G4, G4).
SUBINEQN (G7, G7).
TRNTRMVAL (PROBABILITY / 2.5E-5, VAR-PROBS" G7, G7).
DLT BLK (TRN-MCS-BOT-UP)..

F RMBLK (TRN-MCS-BOT-UP).

SUBINEQN (G2, G2).
TRNTRMVAL (PROBABILITY / 2.5E-5, VAR-PROBS" G2, G2).
DLT BLK (TRN-MCS-BOT-UP).
FRMBLK (TRN-MCS-BOY-UP).

SUBINF_QN (GI, GI).
TRNTRMVAL (PROBABILITY / 2.5E-5, VAR-PROBS" G1, GI).
SUBINEQN (G6, G6).
TRNTRMVAL (PROBABILITY / 2.5E-5, VAR-PROBS" G6, G6).
DLT BLK (TRN-MCS-BOT-UP).
FRMBLK (TRN-MCS-BOT-UP" ONLY$ G1, G6).

Regardless of the method specified in a GENFTEQN call and whether or not
truncation parameters occur, the SETS user program segment produced by
GENFTEQN is executed after it is produced unless parameter P'JNCH occurs in the
call. It is as if the segment had occurred in the SETS user program in place of the
GENF1EQN call. If parameter PUNCH cccurs in the call, the user program
segment is assigned to the system's PUNCH file and execution of the SETS user
program is terminated.

Printed Output

The printed output for GENFTEQN consists of a list of top events of fault tree ft
and a listing of the SETS user program segment produced by GENFTEQN. The list
of top events, T , k=1,2,....s, has the form:k

TOP EVENTS OF ft

1. T g
2. T2
. .

. .

. .

s. Ts

The listing of the SETS user program segment is preceded by the message:

SETS USER PROGR AM SEGMENT PRODUCED BY GENFTEQN

Example

The Figure 6 fault tree frnm Refen we 2 (pp. 33-34) is used to show various ways
GENFTEQN can be useo ta find minimal cut set equations. The fault tree is
reproduced in Figure 4.41. The fault tree has one top event, G1, which has
5,769,050 cut sets that reduce to 1,053 minimal cut sets each having from two to
twelve variables.
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GENFTEQN

This example is not intended to find the most efficient way to obtain minimal cut
sets for Gl. nor is it intended to provide a basis for comparing the efficiency of the
ways that are shown. Ordinarily, a fault tree that is difficult to solve,is separated
into its stem and collection of LSIP subtrees using FRMNEWFT. Then, the stem
and LSIP subtrees are solved separately using the most efficient approach possible
on each of these fault trees. The example simply illustrates the top-down and
bottom-up methods applied to fault tree FIC-4-41-FT without separating it into
its stem and LSIP subtrees. Both methods are shown with and without truncation.

Consider SETS user program:

PROGRAM $ GENFTEQN EX.

RDFT (FIG 4 41 FT).

COMMENTS APPLY TOP DOWN METHOD TO FIG 4-41-FT.$
GENFTECN (METH001$ FIG-4 41-FT/ MCS METH 1).

COMMENTS APPLY BOTTOM UP METHOD TO FIG 4-41-FT.$
DLTEQN.
GENFTEQN (METH002$ FIG-4-41 FT/ MCS METH 2).

COMMENTS TRUNCATE MCS EQUATION FOR G1 BY DELETING TERMS HAVING
FAILURE PROBABILITY LESS THAN 1.0E-6'OR REPAIR COST
GREATER THAN 450 THOUSAND DOLLARS.$

DLTEQN.
RDVALBLK (FAIL-PROB, REPAIR COST).
LDBLK (MCS METH-1).
TRNTRMVAL (PROBABILITY /1E 6, FAIL-PROB, SUM /450, REPAIR-COST *

G1, TRN G1-MCS).
COMTRMVAL (PROBABILITY, FAIL-PROS, SUM, REPAIR COST * TRN G1 MCS).

COMMENTS TRUNCATE WHILE APPLYING TOP DOWN METHOD TO FIG 4-41-FT.$
DLTEQN.
GENFTEQN (METH001$ FIG-4 41 FT/ TRN MCS BLK 1*

PROBABILITY /1E 6, FAIL PR08, SUM /450, REPAIR COST).
COMTRMVAL (PROBABILITY, FAIL PROS, SUM, REPAIR COST * G1).

COMMENTS TRUNCATE WHILE APPLYING BOTTOM-UP METHOD TO FIG 4 41-FT.$
DLTECN.
GENFTEQN (MET UD2$ FIG 4 41 FT/ TRN-MCS BLK 2*

PR08 ABILITY /1E 6, FAIL PROB, SUM /450, REPAIR COST).
CONTRMVAL (PROBABILITY, FAIL PROB, SUM, REPAIR COST * G1).

The equation file is empty when execution of GENFTEQN-EX begins. The first
statement in the SETS user program is a RDFT call that reads fault tree
FIG-4-41-FT and enters it into the block file. The second statement is a
GENFTEQN call that uses the top-down method to generate a minimal cut set
equation for G1 and save it in block MCS-METH-1. The printed output produced
by the GENFTEQN call is as follows:

GENFTECN (METHOD 1$ FIG 4 41-FT/ MCS-METH 1).

TOP EVENTS OF FIG 4-41-FT

1. G1

SETS USER PROGRAM SEGMENT PRODUCED BY GENFTECN

LDBLK (FIG-4-41 FT).
SUBINEQN (G1, Gl* STOP$ G8, G10, G14).
REDUCECN (G1, G1).
SUBINEQN (G1, G1* STOP$ G32, G14).
REDUCEQN (G1, G1).
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GENFTEQN

SUBINEQN (G1, C1* STOPS G32).
REDUCEQN (G1, G1).
SUBINEQN (G1, G1).
REDUCEQN (G1, G1).
FRMBLK (MCS METH-1* ONLYS G1).

STATEMENT EXECUTION REQUIRED .078 SECONDS FOR GENFTEQN

Execution of the user program segment produced by GENFTEQN generates a
minimal cut set equation for Cl. Output for the simplification part of the final
REDUCEQN call in the segment shows an accounting of the 1,053 minimal cut sets:

TERMS RETAINED BY SIMPLIFICATION
1 TERMS CONTAIN 2 VARIABLES
2 TERMS CONTAIN 3 VARIABLES

11 TERMS CONTAIN 4 VARIABLES
11 TERMS CONTAIN 5 VARIABLES
38 TERMS CONTAIN 6 VARIABLES

146 TERMS CONTAIN 7 VARIABLES
290 TERMS CONTAIN 8 VARIABLES
312 TERMS CONTAIN 9 VARIAELES
183 TERMS CONTAIN 10 VARIABLES
53 TERMS CONTAIN 11 VARIABLES
6 TERMS CONTAIN 12 VARIABLES

TOTAL TERMS RETAINED 1053.
SIMPLIFICATION TOOK .212 SECONDS.

The next statement in the SETS user program is a call of DLTEGN that deletes
every equation from the equation file. Then, another call of GENFTEQN generates
a minimal cut set equation for G1 using the bottom-up method. The output
produced by this call of GENFTEQN is as follows:

GENFTEQN (METH002s FIG 4 41-FT/ MCS-METH 2).

TOP EVENTS OF FIG 4 41 FT

1. G1

SETS USER PROGRAM SEGMENT PRODUCED BY GENFTEQN

LDBLK (FIG-4 41 FT).
SUBINEQN (G32, G32).
REDUCEQN (G32, G32).

'

DLTBLK (MCS METH 2).
FRMBLK (MCS METH 2).*

SUBINEQN (G14, G14).
REDUCEQN (G14, G14).
DLTBLK (MCS METH 2).
FRMBLK (MCS-METH 2).
SUBINEQN (G8, G8).
REDUCEQN (G8, G8).
SUBINEQN (G10, G10).
REDUCEQN (G10, G10).
DLTBLK (MCS METH-2).
FRMBLK (MCS METH 2).
SUBINEQN (G4, G4).
RE3vCEQN (G4, G4).
SUBINEQN (G6, G6).
REDUCEQN (G6, G6).
SUBINEQN (G17, G17).
REDUCEQN (G17, G17).
DLTBLK (MCS-METH 2).
FRMBLK (MCS METH-2).
SUBINEQN (G13, G13).
REDUCEQN (G13, G13).
DLTBLK (MCS METH 2).
FRMBLK (MCS METH 2).
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SUBINEQN (G5, G5).
REDUCEQN (GS, G5).
DLTBLK (MCS-METH-2).
FRMBLK (MCS-METH-2).
SUBINEQN (G1, G1).
REDUCEQN (G1, G1).
DLTBLK (MCS METH 2).
FRMBLK (MCS METH-2* ONLYS G1).

STATEMENT EXECUTION REQUIRED .089 SECONDS FOR GENFTEQN

Execution of this program segment also generates a minimal cut set equation for
Gl. Simplification output from the final REDUCEQN call in the segment confirms
the 1,053 minimal cut sets:

TERMS RETAINED BY SIMPLIFICATION
1 TERMS CONTAIN 2 VARIABLES
2 TERMS CONTAIN 3 VARfARLES

11 TERMS CONTAIN 4 VARIABLES
11 TERMS CONTAIN 5 VARIABLES
38 TERMS CONTAIN 6 VARIABLES

146 TERMS CONTAIN 7 VARIABLES
290 TERMS CONTAIN 8 VARIABLES
312 TERMS CONTAIN 9 VARIABLES
183 TERMS CONTAIN 10 VARIABLES
53 TERMS CONTAIN 11 VARIABLES

6 TERMS CONTAIN 12 VARIABLES
TOTAL TERMS RETAINED 1053.

SIMPLIFICATION TOOK .379 SECONDS.

The next statement is a call of DLTEQN which deletes every equation from the
equation file. Then, a call of RDVALBLK reads failure probabilities and repair
costs for primary events in fault tree FIG-4-41-FT, and enters value blocks
FAIL-PROB and REPAIR-CDST into the value block file. The printed output
produced by the RDVALBLK call is as follows:

ROVALBLK (FAIL PROB, REPAIR COST).

VALUE BLOCKS FAIL-PROB.
CREATE VALUE BLOCK FAIL-PROB

.1 E-35 E7, E11, E245

.1 E-2$ E8, E16$

.5 E-25 E20s

.75 E 2$ E10, E17, E345

.1 E-15 E19, E33$

.25 E-15 E15, E22, E285

.5 E 15 E9, E12, E14, E21, E23, E26, E30, E32$

.7 E 1$ E3, ES, E13, E29, E315

.75 E-15 E2, E185

.8 E-15 E1, E6, E27$

.9 E 15 E4, E25$

VALUE BLOCK FAIL PRO 8
HAS BEEN ADDED TO THE VALUE BLOCK FILE

I
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GENFTEQN

VALUE BLOCKS REPAIR COST.
CREATE VALUE BLOCK REPAIR COST

25$ E3, E9, E24, E325
50$ E1, E7, E11, E15, E21, E29$
80$ ES, E8, E13, E19, E26, E31, E345

100$ E6, E14, E25, E28, E30, E33$
140$ E2, E10, E23$
210$ E4, E12, E17, E27$
300$ E16, E18, E20, E22$

VALUE BLOCK REPAIR-COST
HAS BEEN ADDED TO THE VALUE BLOCK FILE

STATEMENT EXECUTION REQUIRED .029 SECONDS FOR RDVALBLK

The next statement in GENFTEQN-EX is a call of LDBLK that loads a minimal cut
set equation for G1 into the equation file. Then, a TRNTRMVAL call identifies six
of the 1,053 minimal cut sets of G1 whose failure probability is > lx10-6 and repair
cost is < 450,000 dollars. A call of COMTRMVAL prints the six terms so that
reSults obtained later can be compared to them. The printed output produced by
TRNTRMVAL and part of the output produced by COMTRMVAL is as follows:

TRNTRMVAL (PROBABILITY / 1E 6, FAIL PROB, SUM / 450, REPAIR-COST * G1,
TRN G1 MCS).

THE MAXIMUM NUMBER OF TERMS THAT CAN BE
'

GENERATED BY EXPANSION IS 1053.

TERMS GENERATED BY EXPANSION
1 TERMS CONTAIN 2 VARIABLES
1 TERMS CONTAIN 3 VARIABLES
4 TERMS CONTAIN 4 VARIABLES

TOTAL TERMS GENERATED 6.

THERE WERE TERMS DELETED BECAUSE OF
TRUNCATION VALUES

THE MAXIMUM TERM VALUE FOR COMPUTATION 1 IS 4.000000000000E 03
(THE SUM OF THE TERM VALUES IS 4.445200000000E 03)*

THE MINIMUM TERM VALUE FOR COMPUTATION 2 IS 7.500000000000E+01

EXPANSION TOOK .063 SECONDS. ,

l
i

TERMS RETAINED BY SIMPLIFICATION
1 TERMS CONTAIN 2 VARIABLES
1 TERMS CONTAIN 3 VARIABLES
4 TERMS CONTAIN 4 VARIABLES

TOTAL TERMS RETAINED 6.
SIMPLIFICATION TOOK .003 SECONDS.

FACTORIZATION TOOK .024 SECONDS.

STATEMENT EXECUTION REQUIRED .095 SECONDS FOR TRNTRMVAL

e

o

e
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GENFTEQN

TERM PROS. SUM

NUM8ER OF TERM 0F TERM

TRN-G1 MCS a

1 4.0000E 03 7.5000E+01 El * E9 +

|2 4.2000E-04 2.7000E+02 El * E2 * E13 +

3 1.0000E-05 3.3000E+02 El * E14 * E30 * E26 +

4 7.5000E-06 3.4000E+02 E1 * E2 * E14 * E15 +

5 5.0000E 06 3.3000E+02 E1 * E30 * E26 * E28 +

6 2.7000E 06 4.4000E+02 El * E4 * E30 * E34

THE MAXIMUM TERM VALUE FOR Cr".?UTATION 1 IS 4.000000000000E-03
(THE SUM OF THE TERP8 VALUES IS 4.445200000000E-03)

THE MINIMUM TERM VAU'd FOR COMPUTATION 2 IS 7.500000000000E+01

STATEMENT EXECUTION REQUIRED .024 SECONOS FOR CONTRMVAL

The next statement in the SETS user program is a DLTEQN call that deletes every
equation from the equation 'lle. . Then, a call of GENFTEQN, which uses the
top-down method and truncates the equation for G1 as it is generated, produces
the.six minimal cut sets that do not exceed the truncation values. A call of
COMTRMVAL confirms the six terms are the sr.:ne as those obtained earlier by
generating all minimal cut sets and then trancating. The printed output produced
by GENFTEQN and part of the Ct.4'TitMVAL output is as follows:

GENFTEON (METH001$ FIG 4 41 FT/ TRN MCS BLK 1* PR08 ABILITY / 1E 6,
FAIL PROS, SUM / 450, REPAIR COST).

TOP EVENTS OF FIG 4-41 FT

1. G1

SETS USER PROGRAM SEGMENT PRODUCEO BY GENFTEQN

LDBLK (FIG-4 41 FT).
SUBINEQN (G1, G1* STOPS G8, G10, G14).
TRNTRMVAL (PROBABILITY / 1E 6, FAIL-PROB, SUM / 450,

REPAIR COST * G1, Gl* EXCEPTNONCMPS G8, G10,

G14).
SUBINEQN (11, Gl* STOPS G32, G14).
TRNTRMVAL (PROBABILITY / 1E 6, FAIL-PROB, SUM / 450,

REPAIR COST * G1, G1* EXCEPTNONCMP$ G32,

G14).
SUBINEQN (G1, G1* STOPS G32).
TRNTRMVAL (PROBABILITY / 1E 6, FAIL PROB, SUM / 450,

REPAIR COST * G1, Gl* EXCEPTNONCMPS G32).
SUBINEQN (G1, G1).
TRNTRMVAL (PROBABILITY / 1E 6, FAIL PROB, SUM / 450,

REPAIR COST * G1, G1).
FRMBLK (TRN MCS BLK 1* ONLY$ G1).

STATEMENT EXECUTION REQUIRED .084 SECONOS FOR GENFTEQN

e
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GENFTEQN

TERM PROS. SUM

NUMBER OF TERM OF TERM

G1 =

1 4.0000E 03 7.5000E+01 E1 * E9 + 1

l

2 4.2000E-04 2.7000E+02 El * E2 * E13 +

3 1.0000E-05 3.3000E+02 El * E14 * E30 * E26 +

4 7.5000E 06 3.4000E+02 El * E2 * E14 * E15 +

5 5.0000E-06 3.3000E+02 El * E30 * E26 * E28 +

6 2.7000E 06 4.4000E+02 E1 * E4 * E30 * E34

THE MAXIMUM TERM VALUE FOR COMPUTATION 1 IS 4.000000000000E 03
(THE SUM OF THE TERM VALUES IS 4.445200000000E-03)

THE MINIMUM TERM VALUE FOR COMPUTATION 2 IS 7.500000000000E+01

STATEMENT EXECUTION REQUIRED .024 SECONOS FOR COMTRMVALi

The next statement is another call of DLTEQN that deletes every equation from
the equation file. The final two statements are calls of GENF1EQN and
COMTRMVAL. This time, the GENF1EQN call uses the bottom-up method and
truncates as the equation for Gl is generated to produce the six minimal cut sets

,

that do not exceed the truncation values. Again, the COMTRMVAL call confirms
the six terms obtained are correct. The output produced by GENFTEQN and part
of the output for COMTRMVAL is as follows:

GENFTEQN (METH002$ FIG 4 41 FT/ TRN MCS BLK 2* PROBASILITY/ 1E 6,
FAIL-PROS, SUM / 450, REPAIR COST).

TOP EVENTS OF FIG-4-41 FT

1. G1

SETS USER PROGRAM SEGMENT PRODUCED BY GENFTEQN

LDBLK (FIG 4 41-FT).
SUBINEQN (G32, G32).
TRNTRMVAL (PROBABILITY / 1E-6, FAIL PROS, SUM / 450,

REPAIR COST * G32, G32).
DLT8LK (TRN MCS 8LK 2).
FRMBLK (TRN MCS BLK 2).
SUBINEQN (G14, G14).
TRNTRMVAL (PROBABILITY / 1E 6, FAIL PRO 8, SUM / 450,

REPAIR COST * G14, G14).
DLTBLK (TRN MCS BLK 2).
FRMBLK (TRN MCS BLK 2).
SUBINEON (G8, G8).
TRNTRMVAL (PROBASILITY/ 1E 6, FAIL PROB, SUM / 450,

REPAIR COST * G8, G8).
SU3tNEQN (G10, G10).
TRNTRMVAL (PROBABILITY / 1E 6, FAIL PROS, SUM / 450,

REPAIR COST * G10, G10).
DLTBLK (TRN MCS BLK 2).
FRMBLK (TRN MCS BLK 2).>

SUBINEQN (G4, G4).
TRNTRMVAL (PROBABILITY / 1E 6, FAIL PROS, SUM / 450,

REPAIR COST * C4, G4).
SUBINEQN (G6, G6).
TRNTRMVAL (PROBABILITY / 1E 6, FAIL PROB, SUM / 450,

REPAIR COST * G6, G6).
SUBINEQN (G1/, G17).
TRNTRMVAL (PROBASILITY/ 1E 6, FAIL PROS, SUM / 450,

REPAIR COST * G17, G17).
DLTBLK (TRN MCS BLK 2).
FRMBLK (TRN MCS BLK 2).
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GENFTEQN

SU8INEQN (G13, G13).
TRNTRMVAL (PROBASILITY/ 1E 6, FAIL-PRO 8, SUM / 450,4

'

REPAIR COST * G13, G13).
DLT8LK (TRN MCS BLK 2).
FRMBLK (TRN MCS-8LK-2).
SUBINEON (G5, G5).
TRNTRMVAL (PROBABILITY / 1E 6, FAIL PROB, SUM / 450,

REPAIR COST * G5, GS).
DLT8LK (TRN MC3 BLK 2).
FRMBLK (TRN MCS BLK 2).
SUBINEON (G1, G1).
TRNTRMVAL (PROBABILITY / 1E 6, FAIL-PROS, SUM / 450,

REPAIR COST * G1, G1).
DLT8LK (TRN MCS-BLK 2).
FRMBLK (TRN MCS 8LK 2* ONLYS G1).

STATEMENT EXECUTION REQUIRED .097 SECONOS FOR GENFTEQN

e

ei

h
*

f

TERM- PROB. SUM

NUMBER OF TERM OF TERM

G1 =

1 4.0000E 03 7.5000E+01 El * E9 +

2 4.2000E 04 2.7000E+02 E1 * E2 * E13 +

3 1.0000E 05 3.3000E+02 El * E14 * E30 * E26 +

4 7.5000E-06 3.4000E+02 E1 * E2 * E14 * E15 +

5 5.0000E 06 3.3000E+02 El * E30 * E26 * E28 +

, 6 2.7000E 06 4.4000E+02 El * E4 * E30 * E34
i

THE MAXIMUM TERM VALUE FOR COMPUTATION 1 IS 4.000000000000E 03
(THE SUM OF THE TERM VALUES IS 4.445200000000E-03)

THE MINIMUM TERM VALUE FOR COMPUTATION 2 IS 7.500000000000E+01

STATEMENT EXECUTION REQUIRED .024 SECONOS FOR COMTRMVAL

,
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APPENDIX A

DIAGNOSTICS

1. INTRODUCTION

Errors may be detected during the reading of a SETS user program or during its
interpretation and execution. There are two kinds of errors: SETS errors and SETS
user program errors. The SETS errors may indicate a computer malfunction or an
error in the logic or implementation of the SETS program. The SETS user program
errors indicate an error in a SETS user program or its data.

2. SETS ERRORS

The SETS errors are fatal. They indicate such a serious condition that it is either
impossible or undesirable to attempt to recover and continue the processing. The
SETS errors can occur during any phase of the processing of a SETS user program.
When a SETS error is detected, the appropriate error message is printed and the
processing of the SETS user program is then terminated. The SETS errors are
comprised of illegal branch errors, file processing errors, and an output format
error.

2.1 Illeaal Branch Errors

There are three illegal branch errors that can occur. The messages printed for
these SETS errors are as follows:

AN ILLEGAL TRANSFER HAS OCCURREO FROM A
COMPUTED COTO STATEMENT

AN ITERATION PROCESS HAS BEEN COMPLETED WHICH
SHOULD HAVE BEEN EXITED PRIOR TO COMPLETION

THERE HAS BEEN A COMPUTER MALFUNCTION
OR AN ERROR EXISTS IN THE SETS PROGRAM

An illegal branch error can be caused by a computer malfunction, or it can occur
because of an error in the SETS program. If an illegal branch error is caused by a
computer malfunction, it can be eliminated by running the job again when the
computer is functioning properly. However, if an illegal branch error occurs
because of an error in the SETS program, then the SETS program must be changed
to correct the error.

2.2 File Processina Errors

There are three file processing errors that can occur. The messages printed for
these SETS errors are as follows:

AN END OF FILE ERROR HAS OCCURRED

A PARITY ERROR HAS OCCURRED

A READY ERROR HAS OCCURRED
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A file processing error can be caused by the use of the wrong file or a bad file, or
it can occur because of an error in the SETS program. If a file processing error
occurs, the user should first verify that the correct files are being used. If the
correct files are being used and the error persists, it may simply indicate a bad file
that needs to be regenerated. However, if a file processing error occurs because of
an error in the SETS program, then the SETS program must be changed to correct
the error.

2.3 Output Format Error

There is one output format error that can occur. The printed message for this
SETS error is as follows:

THE MAXIMUM NUMBER OF LINES PER PAGE IS TOO
SMALL TO ALLOW PROPER PAGING OF THE OUTPUT

This error can only occur if the SETS program constant that controls the maximum
number of printed lines per page, has been reduced to a value that is too small to
allow the headings that can occur in the printed output to be printed. The error
can be eliminated by using a version of SETS that has a larger value for the
constant that controls the maximum number of printed lines per page.

3. SETS USER PROGRAM ERRORS

The processing of a SETS user program occurs in two steps. First, the statements
of the SETS user program are read and each statement is checked to determine
whether or not it is syntactically correct. Then, if there are no syntax errors
detected as the program is read, the statements of the SETS user program are
interpreted and executed one at a time in the order that they occur in the
program. Usually, the detection of a SETS user program error in either of these
two steps does not cause immediate termination of the processing of the SETS user
program. However, if a SETS user program error is detected in the program header
while reading a SETS user program, the appropriate numbered error message is
printed and processing is then terminated. Once the program header is read
without error, the occurrence of a SETS user program error does not cause
processing to be terminated, but the nature of the subsequent processing is altered. ,

1

3.1 Altered Mode of Processing,

The processing that occurs after the detection of a SETS user program error is
significantly different than normal processing. Further processing is restricted to
trying to determine whether or not any remaining input is syntactically correct. If
a SETS user program error is detected while the SETS user program is being read,
an attempt is made to read the remaining statements of the program to ascertain
whether or not they are syntactically correct. Only af tar a SETS user program is
read without error are the statements of the program interpreted and executed.

The interpretation and execution of a SETS user program proceed normally unless
an error is detected. If the detected error is a SETS error, processing is
terminated. If the detected error is a SETS user program error, an attempt is
made to execute remaining calls of BLKST AT and to partially execute remaining
calls of the input procedures RDBLK, RDFT, and RDVALBLK. The execution of
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any remaining BLKSTAT call prints the names of the blocks that will be in the
block file when the job terminates. The partial execution of any remaining input
procedures causes the corresponding equation blocks, fault trees, or value blocks
to be read and checked for syntax errors. However, once an error has occurred
during the interpretation and execution of a SETS user program, the block file
and the value block file are not changed in any way. Equation blocks, fault
trees, and value blocks that are rcad after the occurrence of a SETS user
program error are not added to their respective files--even if they are
syntactically correct.

3.2 Special Fault Tree Errors

There are some special fault tree errors that are detocted during the execution
of the RDFT procedure. The messages for these SETS user program errors are as
follows:

1

ERRORS OCCURRED IN THE DEFINITION OF fi

THERE WAS NO DEFINITION FOR fi

THE DEFINITION FOR f DOES NOT INCLUDE ITS RELATIONSHIP TO f)i

THE RELATIONSHIP BETWEEN f AND fj IS INCONSISTENTi

where f and f) are names of fault tree ever.ts.i

These special fault tree errors are the result of tests performed after a fault
tree has been read by RDFT. They sometimes provide information which is
already known. Suppose the event definition for some fault tree event, X, is
being processed and a name with too many characters is encountered in the
definition. Numbered error 33 (see Section 3.3, Numbered Errors) is detected
when the name with too many characters is processed, and a numbered error
message is printed. Later in the processing, after all of the event definitions of
the fault tree have been read, the special message

ERRORS OCCURRED IN THE DEFINITION OF X

is also printed, even though both messages are the result of the same error.
Nevertheless, the special fault tree error messages are helpful in locating errors
in the structure of the fault tree.

3.3 Numbered Errors

Except for the special fault tree error messages, the detection of SETS user
program errors causes numbered error messages to be printed. A numbered error
message has the form:

"""""" ERROR NUMBER: n, s

where n is the error number and s is either empty, or it is a string of characters
from the SETS user program or its input. The numbered errors are described
below. The information for each numbered error includes a description of the
error, a description of s, and remedies for correcting the error that can be
carried out by the user.
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Error Number Error Information

1 DESCRIPTION: A special character is incorrect in the context
in which it occurs. Some special character is required but the
one that has occurred is wrong.

s: The characters that occur between the previous special
character and the incorrect one will be printed.

REMEDY: Correct the input.
.

2 DESCRIPTION: The initial characters of a header are
incorrect. A SETS user program header, an equation block
header, a fault tree header, or a value block header does not
begin with the characters PROGRAM, BLOCK, FAULTTREE, or
VALUEBLOCK, respectively.

s: The characters that begin the header will be printed.

REMEDY: Correct the input.

3 DESCRIPTION: The SETS user program exceeds the size of the
vector used to store the program. The SETS user program being
read is too large, or the unexecuted portion of the SETS user
program together with the program segment generated by a call
of GENFTEQN is too large.

s: The name of the SETS user program will be printed.

REMEDY: Use a version of SETS that has a larger program
vector (PGMVC), or break up the SETS user program into several
smaller, SETS user programs that will achieve the same
processing.

|

4 DESCRIPTION: A procedure identifier is incorrect.

s: The incorrect procedure identifier will be printed.

REMEDY: Correct the input.

5 DESCRIPTION. The parameter part of a procedure call is
incorrect.

The procedure identifier of the procedure call will be printed.s:.

REMEDY: Correct the input.
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Error Number Error Information

6 DESCRIPTION: The name in an equation block header, a fault
tree header, or a value block header is not the same as the next
parameter in a RDBLK, RDFT, or RDVALBLK call, respectively.

s: The name from the header will be printed.

REMEDY: Correct the input.

7 DESCRIPTION: The number of active variables exceeds the size
of both the table that is used to hold the variable names and the
vector that is used to hold variable information.

s: Empty.

REMEDY: Use a version of SETS that has a larger set table
(SETB) and set vector (SETVC), or modify the SETS user program
so that unneeded variables are eliminated from the active
variables Just prior to the execution of the procedure call during
which the error was detected.

Unneeded variables can be eliminated from the active variables
at any point during the execution of a SETS user program by
inserting statements into the SETS user program that will
achieve the following processing:

a. Form an equation block to save any meaningful equations
that are in the equation file.

b. Use a call of DLTEQN with an empty parameter part to
delete all equations (and consequently all active variables).

c. Load only the equations (and therefore only the variables)
,

that are required for the processing to be done.
r

Also, whenever possible, minimize the number of active
variables before calls of RDBLK, RDFT, RDVALBLK, PRTBLK,
and PRTVALBLK since execution of these procedures
temporarily increases the number of active variables.

8 DESCRIPTION: One of the records of an equation block, a fault
tree block, or a value block exceeds the size of the vector that is
used as a transfer area when deleting specific equation or fault
tree blocks from the block file, or when deleting specific value
blocks from the value block file.

s: Empty.

REMEDY: Use a version of SETS that has a larger expression
vector (EXPVC).
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Error Number Error Information

9 DESCRIPTION: OMEGA occurs in an option; a variable occurs
more than once in the same option (different occurrences of the
same kind of option are considered to be the same option); or a
variable occurs in incompatible options. In SUBINEQN, a
variable can occur only once in all of the options. In j

REDUCEQN and TRNTRMVAL, if a variable occurs in an omega -

or phi option, it cannot occur in any other option: if a variable
does not occur in either an omega or phi option, it can occur in
every other option.

s: The variable that caused the error will be printed.

REMEDY: Correct the input.

10 DESCRIPTION: The left-side variable of an equation is OMEGA.

s: Empty.

REMEDY: Correct the input.

11 DESCRIPTION: An empty block has been formed.

s: The block name will be printed.

REMEDY: Correct the input if the empty block is being read by
RDBLK or RDFT; or chanae the logic in a call of FRMNEWFT
that produces an empty fault tree block.

12 DESCRIPTION: A fault tree contains an incorrect key word.

s: The incorrect key word will be printed.

!REMEDY: Correct the input.
,

13 DESCRIPTION: An event definition does not have any
relationship declarations.

s: The name of the event with no relationships will be printed.

REMEDY: Correct the input.

14 DESCRIPTION: A fault tree contains OMEGA as an event name.

s: Empty.

REMEDY: Correct the input.

,
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Error Number Error Information

15 DESCRIPTION: A fault tree event has more than one definition.

s: The name of the event with multiple definitions will be
printed.

REMEDY: Correct the input.

16 DESCRIPTION: A fault tree begins with a relationship
declaration instead of an event declaration.

s: The name of the fault tree will be printed.

REMEDY: Correct the input.

17 DESCRIPTION: The number of prefixes in a fault tree exceeds
the size of the table used to hold them.

s: The prefix that caused the error will be printed.

REMEDY: Correct the input.

18 DESCRIPTION: The number of relationships in a fault tree
exceeds the size of the vector used to hold them.

s: The fault tree name will be printed.

REMEDY: Use a version of SETS that has a larger relationship
vector (RELVC).

,

19 DESCRIPTION: A fault tree event has too many relationships.

s: The name of the event with too many relationships will be
printed.

REMEDY: Change the fault tree being read by RDFT or
generated by FRMNEWFT into an equivalent fault tree that does
not have any events with too many relationships.

20 DESCRIPTION: An event in a relationship declaration is the
same as the event being defined, or it occurs in more than one
relationship declaration in the same event definition. (The same
event can occur in a similar input or a similar output declaration
if the prefixes are not identical.)

s: The name of the event being defined will be printed.

REMEDY: Correct the input.
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Error Number Error Information
|

21 DESCRIPTION: An intermediate event definition that has a
similar output declaration, also has an output declaration or a
similar input declaration.

s: The name of the event being defined will be printed.

REMEDY: Correct the input.

22 DESCRIPTION: A primary event definition has relationship
declarations other than output declarations.

s: The name of the event being defined will be printed.

REMEDY: Correct the input.

23 DESCRIPTION: A special intermediate event definition contains
a similar input declaration.

s: The name of the event being defined will be printed.

REMEDY: Correct the input.

24 DESCRIPTION: An intermediate event definition does not
contain any input declarations.

s: The name of the event being defined will be printed.

REMEDY: Correct the input.

25 DESCRIPTION: The right-side expression in a specia

intermediate event definition does not contain all of the events ;

that occur in the input declarations.

The name of the special intermediate event will be printed.s:

REMEDY: Correct the input.

26 DESCRIPTION: The right-side expression in a special

intermediate event definition contains at least one event that
does not occur in an input declaration.

s: The name of the special intermediate event will be printed.

REMEDY: Correct the input.

.
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Error Number Error Information

27 DESCRIPTION: An expression exceeds the size of the vector
used to hold it for various kinds of processing.

s. Empty.

REMEDY: Use a version of SETS that has a larger expression
,

vector (EXPVC), or try to break up the expression into several |
smaller expressions that can be processed separately to achieve 1

an equivalent result.

28 DESCRIPTION: A conditioning event is related to an event that
is not defined by a PRIORITY AND gate or an INHIBIT gate.

s: The name of the conditioning event will be printed.

REMEDY: Correct the input.

29 DESCRIPTION: An event defined by a PRIORITY AND gate or
an INHIBIT gate does not have exactly one conditioning event
related to it.

s: The name of the event defined by the PRIORITY AND gate or
the INHlBIT gate will be printed.

REMEDY: Correct the input.

30 DESCRIPTION: An event defined by a PRIORITY AND gate
does not have at least two input events related to it.

s: The name of the event defined by the PRIORITY AND gate
will be printed.

REMEDY: Correct the input.

31 DESCRIPTION: An event defined by an INHIBIT gate does not
have exactly two input events related to it.

s: The name of the event defined by the INHIBIT gate will be
printed.

REMEDY: Correct the input.

T
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Error Number Error Information

32 DESCRIPTION: A fault tree contains at least two similar trees
that overlap, i.e., a generated event name has more than one
prefix.

s: The generated name of the event that caused the error will be
printed.

REMEDY: Correct the input.

33 DESCRIPTION: The number of characters in a name or key word
exceeds the size of the vector used to catenate the characters.

s: The first sixteen characters of the name or key word will be
printed.

REMEDY: Correct the input.

34 DESCRIPTION: Two special characters are adjacent in a
context where such an occurrence is incorrect.

s: Empty.

REMEDY: Correct the input.

35 DESCRIPTION: Two special characters are not adjacent in a
context where such an occurrence is required.

.

s: The characters that occur between the two special characters
will be printed.

i

REMEDY: Correct the input.

,

| 36 DESCRIPTION: A generated event name is OMEGA, or it is
| Identical to a nongenerated event name, or it is identical to
I another generated name but the prefixes are different.

s: The generated event name will be printed.

REMEDY: Correct the input.

37 DESCRIPTION: The block file does not contain the specified
equation block or fault tree, or the value block file does not
contain the specified value block.

The name of the specified equation block, fault tree, or values:
block will be printed.

REMEDY: Correct the input.
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Error Number Error Information

38 DESCRIPTION: An equation cannot be printed without
exceeding the maximum length allowed for each line of print.

s: Empty.

REMEDY: Use a version of SETS that allows a larger maximum
line length.

39 DESCRIPTION: The right-side expression of an equation is
incorrect. A variable follows a right parenthesis.

s: The left-side variable of the equation will be printed. |
1
'

REMEDY: Correct the input.

40 DESCRIPTION: The right-side expression of an equation is
incorrect. There is at least one unpaired left parenthesis.

s: The left-side variable of the equation will be printed.

REMEDY: Correct the input.

41 DESCRIPTION: The right-side expression of an equation is
incorrect. The period that terminates the right-side expression
follows the equivalence operator, a left parenthesis, or an
operator,

s: The left-side variable of the equation will be printed.

REMEDY: Correct the input.

42 DESCRIPTION: The right-side expression of an equation is
incorrect. An AND or OR cperator follows a left parenthesis or
another operator.

s: The left-side variable of the equation will be printed.

REMEDY: Correct the input.

43 DESCRIPTION: The right-side expression of an equation is
incorrect. A NOT operator follows a NOT operator, a right
parenthesis, or a variable.

s: The left-side variable of the equation will be printed.

REMEDY: Correct the input.
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Error Number Error Information

44 DESCRIPTION: The right-side expression of an equation is
incorrect. A left parenthesis follows a right parenthesis or a
variable.

s: The left-side variable of the equation will be printed.

REMEDY: Correct the input.

45 DESCRIPTION: The right-side expression of an equation is
incorrect. A right parenthesis follows a left parenthesis or an
eperator.

s: The left-side variable of the equation will be printed.

REMEDY: Correct the input.

46 DESCRIPTION: The right-side expression of an equation is
incorrect. There is at least one unpaired right parenthesis.

s: The left-side variable of the equation will be printed.

REMEDY: Correct the input,

47 DESCRIPTION: The level of an AND or OR operator exceeds
the maximum level that can be represented in the form of an
expression that is required for expansion.

s: Empty.

REMEDY: Break up the expression into several smaller
expressions that can be processed separately to achieve an
equivalent result.

48 DESCRIPTION: The left-side variable of an equation or its
complementary variable occurs in the right-side expression of
the equation, or a sequence of substitutions is unending.

s: For the first case, the left-side variable will be printed. For
the second case, the left-side variable from the first repeated
equation in the unending sequence of substitutions will be printed.

REMEDY: Change one or more of the equations so that the
circular definition of the equation is eliminated.

49 DESCRIPTION: The form of a number is incorrect.

s: Empty.

REMEDY: Correct the input. |
|
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Error Number Error Information

50 DESCRIPTION: The number of variables in a term of an
expression exceeds the size of the vector that is used to record
the positions of those variables in the expression during the
expansion of the expression into a disjunctive normal form.

s: Empty.

REMEDY: Break up the expression into several smaller
expressions that can be processed separately to achieve an
equivalent result.

51 DESCRIPTION: The expression number for the right-side
expression of an equation to be entered into the equation filo
exceeds the maximum expression number allowed.

s: The name of the SETS user program will be printed.

REMEDY: Initialize the expression number by inserting
statements into the SETS user program that will achieve the
following processing:

a. Form an equation block to save any meaningful equations in
the equation file.

b. Use a call of DLTEQN with an empty parameter part to
delete all equations from the equation file. This deletes all
right-side expressions and causes the expression number to
be initialized.

52 DESCRIPTION: The number of pattern words used to indicate
the active terms in a disjunctive normal form of an expression
exceeds the size of the vector used to hold pattern words.

s: Empty.

REMEDY: Break up the expression into several smaller
expressions that can be processed separately to achieve an
equivalent result.

53 DESCRIPTION: The number of variables in an expression
exceeds the size of the vector used to count the number of
occurrences of each variable.

s: Empty.

REMEDY: Break up the expression into several smaller
expressions that can be processed separately to achieve an
equivalent result.
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Error Number Error Information

54 DESCRIPTION: A fault tree specified in a FRMNEWFT or
GENFTEQN call contains similar trees.

s: The name of the fault tree that contains similar trees will be
printed.

,

REMEDY: Correct the input.

55 DESCRIPTION: Two fault tree events that have the same name
cannot be merged. The reasons that two fault tree events with
the same name cannot be merged are as follows:

a. Both events are primary events but their types are different.

b. Both events are intermediate events but their types are
different.

c. Both events are intermediate events of the same type but
they are defined by SPECIAL gates, or the inputs of the two
events do not agree in both number and name.

d. One event is a primary event and one event is an
intermediate event, but the primary event is not a developed
event.

s: The name of the two events will be printed.'

REMEDY: Change the fault trees so that they do not contain
events that cannot be merged.

56 DESCRIPTION: An intermediate event is specified in an omega !

or a phl option in a call of FRMNEWFT. Only primary events
can be set to constant OMEGA or / OMEGA in a call of
FRMNEWFT.

s: The name of the intermediate event will be printed.'

REMEDY: Correct the input.

57 DESCRIPTION: A primary event is specified in an intermediate
event type option in a FRMNEWFT call. A primary event cannot
be changed to an intermediate event in a call of FRMNEWFT.

s: The name of the primary event will be printed.

REMEDY: Correct the input.
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Error Number Error Information

58 DESCRIPTION: A special intermediate event type option occurs
in a call of FRMNEWFT. A fault tree event cannot be changed
to a special intermediate event in a call of FRMNEWFT.

,

s: Empty.

REMEDY: Correct the input.

|
59 DESCRIPTION: A top option contains a primary event.

s: The primary event name will be printed.

REMEDY: Correct the input.

60 DESCRIPTION: A block to be added to the block file has the
same name as a block already in the block file.

s: The name of the blocks will be printed.

REMEDY: Correct the input.

61 DESCRIPTION: The information that describes the fault tree
changes required to coalesce a group of adjacent events or to
remove a single input event in a call of FRMNEWFT, exceeds the
vector that is used to store the information.

s: Empty.

REMEDY: Change the fault tree so the group of events to be
coalesced is smaller, or the single input event has fewer output
events.

62 DESCRIPTION: A SETS user program, an equation block, a fault
tree, or a value block contains an illegal character.

s: Empty.

REMEDY: Correct the input.

63 DESCRIPTION: A value block is empty,

s: The name of the value block will be printed.

REMEDY: Correct the input.
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64 DESCRIPTION: A computation type is incorrect.

s: The procedure identifier of the procedure that contains the
incorrect computation type will be printed.

REMEDY: Correct the input.

65 DESCRIPTION: A value block contains at least one value that is I
'incompatible with the variable range for the computation type it

is paired with in a COMTRMVAL or TRNTRMVAL call.

s: The name of the value block will be printed.

REMEDY: Correct the input.

66 DESCRIPTION: The number of computations specified in a
COMTRMVAL or TRNTRMVAL call exceeds the maximum
number allowed.'

s: Empty.

REMEDY: Correct the input.

67 DESCRIPTION: The right-side expression of an equation
specified in a call of COMTRMVAL or TRNTRMVAL contains at
least one variable that does not have a value in every value block
specified in the call.

s: Empty.

IREMEDY: Correct the input.

68 DESCRIPTION: The number of term values computed for an
equation specified in a COMTRMVAL call, exceeds the size of
the vector used to store the term values.

s: The left-side variable of the equation will be printed.

REMEDY: Use a version of SETS that has a larger relationship
vector (RELVC).

69 DESCRIPTION: The number of partial term values that could
exist during the expansion of the right-side expression of the
equation specified in a TRNTRMVAL call, would exceed the size
of the vector used to hold the partial term values.

s: Empty.

REMEDY: Use a version of SETS that has a larger relationship
vector (RELVC).
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70 DESCRIPTION: A parameter that is supposed to be an integer is
not.

s: Empty.

REMEDY: Correct the input.

71 DESCRIPTION: The number of next largest subtrees that are to
be tested to determine whether or not they are independent
subtrees, exceeds the size of the vector that is used to save the
top events of these subtrees.

s: Empty.

REMEDY: Break up the fault tree into several smaller fault
trees that can be processed separately to achieve an equivalent
result.

72 DESCRIPTION: The number of variable values that must be
recorded during the computation of distinct computation types
exceeds the size of the vector that is used to hold them.

s: Empty.

REMEDY: Decrease the number of distinct computation types
that are specified in a COMTRMVAL or TRNTRMVAL call, or
break up the expression into several smaller expressions whose
terms can be processed separately.

73 DESCRIPTION: A value block contains a value for the constant
| OMEGA.

s: The name of the value block will be printed.

REMEDY: Correct the input.

74 DESCRIPTION: An option of FRMNEWFT contains OMEGA.

s: The procedure identifier will be printed.

REMEDY: Correct the input.
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APPENDIX B

PARAMETER FORMS FOR PROCEDURE CALLS

1. INTRODUCTION

Parameter forms for each procedure are described using the following notation:

vi - variable name
(

ei - equation name, i.e., the left-side variable of an equation

tg - truncation value (for number of variables)

/tpg - ei or et g

ft or ft - fault tree block namei

eb or eb - equation block namei

b - block name (fault tree or equation)i

. vbg - value block name

O or O - procedure optioni
I

c1 - computation type

1 - truncation value (for computations)1

qi - ct or c[/It

f or fg' - fault tree event name (intermediate or primary)t

le or let - fault tree intermediate event name

pe or pel - fault tree primary event name

Also, a character string enclosed by angle brackets ( ) represents any example of
the entity described by the character string. For example, (variabla list)
represents any list of variable names separated by commas.

2. EQUATION PROCEDURES

Print Ecuation

PRTEQN (eg,e2. + .Un)-
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Print Equation in Dislunctive Normal Form

PRTEQNDNF (pt,p2 Pn)-

Delete Eauation
;

a. DLTEQN.

b. DLTEQN (e1,e2.....e )-n

Substitute in Eauation

| a. SUBINEON (eg, e2).

b. SUBINEQN (e1, e2" O /0 /.../Om)-1 2.

where Oj, j=1,2....m has one of the forms:

STOP$ vs.v2. Vr

OMEGA $ vt,v2 Vr

PHI $ vg,v2. eVr
:

I
Reduce Ecuation

a. REDUCEQN (p1, e2)-

b. REDUCEQN (pg, e2* Og/0 /.../Om)-2

where Oj, }=1,2,..,,m has one of the forms:

OMEGA $ vg,v2. Vr
,

PHl$ vg,v2. Vr

EXCEPTCMP$

: EXCEPTCMP$ v1,v2* .Vr

EXCEPTNONCMP$

EXCEPTNONCMP$ v[.v2 .Vr,

i DELETECMP$ .

'

DELETECMP$ v[.v2. Vr

DELETENONCMP$

DELETENONCMP$ vg,v2 eVr
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Compute Term Value

a. COMTRMVA'. (qi,vb ,q2,vb . 9s vbs" Pl P2. .Pn)-t 2

b. COMTRMVAL (DECREASE $ qi,vb ,q2,vb . .9s.vbs" Pl P2. .Pn)-t 2

c. COMTRMVAL (INCRE ASE$ qi,vb ,q2,vb . 9s,vbs" Pl P2. .Pn)-t 2

Truncate on Term Value

a. TRNTRMVAL (qi,vb ,q2,vb . 9s,vb "t 2 s

<any parameter form of REDUCEQN)).

b. TRNTRMVAL (EXTREME $ qi,vb ,q2,vb . .9s,vbs"t 2

(any parameter form of REDUCEQN>). ,A

/

Delete Term

DLTRM (p g ,p2,03).

Write Equation in Dislunctive Normal Form

WRTEQNDNF (eg,e2,....e )-n

3. BLOCK PROCEDURES

Read Block

RDBLK (eb ,eb ,....ebn)-i 2

Print Block

PRTBLK (bg b ...,bn)-2

Block Status

BLKSTAT,

Delete Block

a. DLTBLK,

b. DLTBLK (bg.b ,....bn)-2

227

.

.



, _ __ _ _ _ _ _ _ - _ _ _ _ . . . . .- __ _ .. _ __

,

Form Block
,

a. FRMBLK (eb).
'

b. FRMBLK (eb" O).

where O has one of the forms:

ONLY$ ei.e2,...,er

EXCEPT$ ei.e2,....er

Load Block

LDBLK (b g,b ....bn)-2

4. VALUE BLOCK PROCEDURES

Bead Value Block

RDVALBLK (vb .vb ,...,vbn)-t 2

Print Value Block

PRTVALBLK (vb ,vb . .vbn)-t 2

Delete Value Block

a. DLTVALBLK.

b. DLTVALBLK (vb ,vb ,... vbn).t 2

5. FAULT TREE PROCEDURES

Read Fault Tree

RDF i (f t f t ,....f tn).1 2

.
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Form Ncw Fault Tree

a. FRMNEWF T (FORM!$ f tg.ft ,....ftn/ ft).2

b. FRMNEWF T (FORM 2$ ft oft ,....f t / ft).t 2 n

c. FRMNEWF1 (FORM 3$ ftg ft ,....ftn/ IL ft ).2 S t

d. FRMNEWFT (FORM 3$ ((prefix)) ftg.ft ,....ft / fts, ftg).2 n

e. FRMNEWF T ((any a through d parameter form)" Og/0 /.../O )-2 m

where Oj, j=1,2.... m has one of the forms:

TOP $ leg,le2,....ler

TRIM $ fg,f . .fr2

OMEGA $ peg,pe2,....per

PHI $ peg,pe2,....per

NAME$ fg=f ',fp,=f *. f :fr't 2 r

(type)$ f[,f ,... fr2

i

Generate Fault Tree Equation

a. GENFTEQN (METHOD!$ ft/ eb).

b. CENFTEQN (METHOD 2$ ft/ eb).

c. CENFTEQN (PUNCH $ (parameter form a or b)).

d. CENFTEQN (<any a through c parameter form)"

1
91,vb g,q2,vb . .9s.vb )-2 s

e. GENFTEGN (<any a through c parameter form)"

EXTREME $ qt,vb ,q2,vb . 9s vbs).l 2

|

, .
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APPENDIX C

FACTORIZATION

1. INTRODUCTION

A disjunctive normal form expression can be factored in many different ways.
Factorization in the SETS program is based on selecting the most often occurring
variable in a disjunctive normal form expression as the next variable to be factored
out of the expression. Factorization produces a factored expression which, when
expanded by the distributive law, yields the disjunctive normal form that was used
to produce the factored expression.

2. THE FACTORING ALCORITHM

A disjunctive normal form expression is factorable if it contains at least two terms
that have a common product of variables. The common product of variables is
chosen so that it contains the most often occurring variable in the expression, and
the expression is written using the formula

P"(Q) + R (C-1)

where P is the common product of variables that contains the most often occurring
variable Q is the quotient, and R is the remainder. Each Q and each nonempty R
generated by an application of formula C-1 is a disjunctive normal form expression
that may also be factorable. Repeated applications of formula C-1, first to the
original disjanctive normal form of an expression and then to each generated Q and
R that is factorable, produces a factored form of the expression.

The factored form of an expression obtained by repeated applications of formula
C-1 is not the final factored form of an expression produced by factorization.
After a factored form of an expression is obtained, nonfactorable O's and R's in
the expression are replaced by single variables and the expression is expanded into
a disjunctive normal form. (Nonfactorable O's and R's that are the same are
replaced by the same variable.) If this expression is factorable, a factored form of I

it is obtained by repeated applications of formula C-1. This process of factoring
an expression by repeated applications of formula C-1, replacing nonfactorable O's
and R's in the expression by single variables, expanding the expression into a
disjunctive normal form, and then factoring the expression again is repeated until
an expression that is not factorable is obtained. Then, beginning with the Int
expression obtained, i.e., the one that is not factorable, the variables that were

<

introduced for the nonfactorable O's and R's are replaced by their respective O or
R to produce the final factored expression. ;

3. EXAMPLE

Consider the expression
|

A"C"D"E + A"C"E"F + G"O + A"O + G"F . (C-2)

Expression C-2 is factorable: Its most often occurring variable is A: and it can bo
written in the form

4
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A"(B + C"D"E + C"E"F) + G"D + G"F. (C-3),

Both the quotient

B + C"D"E + C"E"F

and the remainder

C"D + G"F

generated by rewriting the original expression are factorable. Thus, Exp. C-3 can
be rewritten using formula C-1 to obtain

A"(C"E"(D + F) + B) + G"(D + F). (C-4)

No further factoring of Exp. C-4 can be achieved using formula C-1 because D + F,
which occurs twice as a quotient, and B, which occurs once as a remainder, are not
factorable. Expression C-4, a factored form of Exp. C-2, has been obtained. Now,
the quotients D + F in Exp. C-4 are replaced by a variable XI and the remainder B
in Exp. C-4 is replaced by a variable X2 to obtain

A"(C"E"(X I) + X2) + G"(X I). (C-5)

Expansion of Exp. C-5 produces the disjunctivo normal form expression

A"C"E"X1 + A"X2 + G"X I. (C-6)

Expression C-6 is factorable. Two variables, A and X1, are most often occurring
variables in Exp. C-6. The variable XI is chosen as the next factor because, in
general, a variable that represents a Q or an R is preferred as a factor over the
original variables in the expression. Expression C-6 is rewritten using formula C-1
to obtain

X I"(A"C"E + C) + A"X2. (C-7)

No further factoring of Exp. C-7 can be achloved using formula C-1 because the
quotient A"C"E + C and the remaindor A"X2 are not factorable. Expression C-7, a
factored form of Exp. C-6, has been obtatnod. Now, the quotient A"C"E + G in
Exp. C-7 is replaced by X3 and ;he remainder A"X2 in Exp. C-7 is replaced by X4
to obtain

X I"(X 3) + X4. (C-0)

Expansion of Exp. C-8 produces the disjunctivo normal form expression

XI"X3 + X4, (C-9)

Expression C-9 is not factorable and signals the end uf the llorations of factoring.
Doginning with Exp. C-9, thu final factored form of the expression produced by
factorization is built up by replacing overy occurrence of each XI, X2, X3, and X4
by its respectivo G or R surrounded by parentheses. The final factored form of
Exp. C-2 is

(D + F)"(A"C"E + G) + ( A"(B)).
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