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1. Introducticon

This report is a user's guide for the first wversion of
METAPHOR*, an interactive software package to facilitate
performability model ing and evaluation. A companion
"Programmer's Guide"™ for METAPHQOR (Version 1) has already been
published [l]. As the capability of METAPHEOR is extended via
incorporation of additional evaluation programs, revised or
supplemented guides will be prepared in crder toc maintain an up-
to-date documentation of the system. It is assumed that the
reader 1is familiar with the context of METAPHOR, that is, the
performability modeling and evaluation methods developed wunder
the subject grant and described in a number of previous reports
and publications [2]-112].

As we currently envision METAPHOR, it 1s the prototype of
a software package thqt, ultimately, will contain programmed
tools to facilitate each step of performability model
construction and model s=solution. In certain steps, such
facilitation will take the form of complete automation; in other
cases, particularly steps involving model construction, an
interactive mode will be necessary wherein the programmed tool
acts strictly as an aid. More specifically, the major steps to
be facilitated are:

1) Construction of the base model,

*ﬂICHIGAJ EVALUAZION AID FOR PERP%QE@ﬁBILITY
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2) Elaboration of the bhase model into a model hierarchy,

3) Formulation of the capability function in terms of the
interlevel translations between adjacent models of the
hierarchy,

4) For =ach accomplishment level a, computation of the base
model trajectory set Ua that corresponds to a,

5) PFor each trajectory set U_, computation of its
probability (the performability Vvalue for accomplishment
level a).
In addition to facilitating specific steps of the modeling and
evaluation process, METAPHOR 1is intended to serve as a
performability evaluation tutor for a person who is learning to
use its programs.

In developing Version 1 of METAPHOR, emphasis was placed on
obtaining a general structure that can accommodate the various
types of evaluation programs that are planned for the system.
In addition, Version 1 contains specifiec programs which
facilitate steps 1) and 5) outlined above. Finally, the
tutorial aspect of METAPHOR is fairly well developed in Version
1l with an extensive repertoire of HELP requests, along with a
preprogrammed series of questions relating to specific topics.

METAPHOR 1is written in APL [13]-114]}, chosen because of
its notational compactness and array handling abilities.
However, the eventual translation of the prototype package into
a faster and more portable language such as FORTRAN may be
desired, and this report should also provide wvaluable
documentation for such a process.

This report is organized as follows. Section 2. presents

general information concerning METAPHOR and presents some hints

METAPHOR (Version 1) User's Guide



on using METAPHQR effectively. Next, as 1illustrations of
METAPHOR's use, various example systems are studied and their
performabilities calculated in Section 3. In Section 4. are
given detailed descriptions of each presently implemented
METAPHOE command, while, £finally, Section 5. describes each
available METAPHOR array generator.

Throughout this guide, we have striven to include as many
clarifying examples as possible. Numerous complete METAPHOR
sessions have been included so as to demonstrate as fully as

possible the package and its use.

2. Basic Information

2.1, Terms and Definitions

As stated in the Introduction, this report presupposes some
familiarity with performability modeling and evaluation
techniques. In addition, a few terms will be used within this
report to describe items with no counterpart in the theoretical

development. In particular, a model parameter (or parameter)

will refer to a characteristic of a performability model which
the analyst can specify. For example, the number of phases in
the model, the number of states in each of those phases, and the
P matrices for each of those phases are all model parameters.
That 1is, each piece of information which METAPHEOR collects
regarding the performability model is a ©parameter; parameters
can be viewed and altered by the user at any time.

Also, the term time—~invariant basic wvariable will be used

2.1, Terms and Definitions



to denote a Bernoulll basic variable whose distribution function
is time invariant, znd in particular, one which is statistically
independent of any other basic variable. For example, in the
case of aircraft computer performability models the basic
variable "weather at the destination airport,™ (taking on values
in the set {Category III, not Category III}) is Bernoulli, 1is
usually statistically independent ¢f any other basic variable,
and so would be a time-invariant basic variable. The
distinction is made in METAPHOR (though not in the theory, per
se) for the convenience of the user. The probabilities of these
variables need be stated only once, at the beginning of the
evaluation.

Knowledge of APL, though wuseful, 1is certainly not
necessary. The only APL-ish concept employed that 1is perhaps
not commonly £found in other programs is that of a vector, and
especially, that of a vector used for inputting data. However,
the idea 1is very close to that of 5 one dimensional array in
FORTRAN or other "conventional language and so should cause no

problems.

2.2. Use of APL Vector and Scalar Notation in METAPHCR

Because inputting data to METAPHOR often requires using
vectors, a brief review of API vector {(i.e., single dimensional
array) andé scalar notation is presented below £for the
convenience of the reader. However, this report is not intended
to be a guide to APL and hence the discussion is brief.

Multiple dimensioned array=s (e.g., matrices) will not be covered

METAPHOR itVersion 1) User's Guide



as these are not emploved for data input.
Scalars are single numbers—— examples are:
0
3
47,15

7.66754
+7

~6.359

5.11459E53

+6. 74995F 8§ .
Note that negation is indicated with a raised negative sign L
and that numbers in exponential form are written as a number
followed by "E" followed by an integral power of 10.

Vectors are used in METAPHOR for inputting values which are

similar in nature, as for example, the number of states in each
phase o¢f the model. A vector is entered as a row of numbers

separated by blanks or commas. For instance,

3 §7 9
0.314% .271,0.354, .678

Here, for the first vector, the first number may represent the
number of states in the first phase (3), the second number the
number of states in the second phase (5), and so forth, while
the second vector may represent the probability of the first
time—-invariant basic variable {0.314y, the second the
probability of the second time-invariant basic variable (0.271),
ané so on. In general, if we are presented a group of k objects

(e.g., phases), the nth entry of. a vector represents some

information concerning the nth

object. Furthermore, the vector
must have length k, i.e., each object must be accounted for in

the vector. Of course the ordering of the vector is of utmost

2.2. Use of APL Vector and Scalar Notation in METAPHOR



importance: 3579 1s not the same as 9 53 7o0or 59 7 3.
Thus, we must be sure of the correspondence hetween elements of
a vector and objects in a group. Also note that even‘O's mustv
be accounted for, e.g., 1 1 0 0 is not the same as 1 1 or 1 1 0
or 11 O‘O 0. If a vector is extremely long, it can be entered
in sections by using the quad symbol ([1) as a place holder; the
gquad must be preceded by a comma. Thus,

g: 0o 5 7 8.32 6.7 9 1u .0

0: 9 % 34 4556,88 334, 303 4.22 4040,0

gd: 35 44 455
would input the single 1% element vector:
057 8.32 6.7 2 14 9 4 34 4556 88 334 303 4.22 4040 35 44 455 ,

If user defined variables (see Section 4.3.) are being

employed, the catenation (s} function <¢an be useful for
inputting difficult to type or repetitious portions of vectors.

As an illustration, consider the user defined wvariables

Uh+1 1 1 1

Us+1 1 1 1 1
ve+~1 1 11 1 1
v7+1 1 1111 1

and suppose the following vectors must be input:

B R R R R
=
B R R o
I R g Y
PR R OR R
OCRRBRORR
cCoORrROR R

Then the user can type

METAPHOR {Version 1) User's Guide



1 0 0,U5
100,04
iy,0 0 O
u7

Ug,0

Us.0 0

ot i o 0 |

2.3. Entering Trajectory Sets

To evaluate a performability model, the probability of each
trajectory set must be calculated. For METAPHEOR to make these
computations, however, these trajectory sets must first be
semehow characterized and input.

In METAPHOR, trajectory sets are input phase by phase
utilizing vectors as follows. Consider a trajectory set V over
m phases. Then for a given phase k, enumerate the states
0,1,2,...,n=1 and associate aubinary vector 8,1 8p_2 *++ 3y
such that that for 0<idn-1

1 if state i lies within the trajectory set
(for that phase)

0 otherwise.

i if qiegm(v} (in the notation of [4])

0 otherwise.
{(See also the concept of a "degree of freedom™ variable [13].)
Then we input that vector for each phase of the trajectory set.
For example, suppose we have a trajectory space

{0,1,2,3} x {0,1} « {0,1,2,3} x {0,1,2,3,4}

i.e., a model having 4 phases with phases 1 and 3 having state
space {0,1,2,3}, phase 2 with state space {0,1}, and phase 4

state space {0,1,2,3,4}. Then the trajectory set

2.3. BEntering Trajectory Sets



[{0,1,2} 1 2 #]

would be represented by the sequence of vectors
0111

= o
= O

00
111,

Naturally, as noted in Secticn 2.2., the ordering of the vectors
above is critical: 01 0 0 is not equivalent to 0 0 1 O.

Note that for phase k, k not the final phase,

a; = g4;(k),
where Gitk) = [gij(k)] (1<i<n, 1<j<n} 1is the characteristic
matrix for phase k (see [4], p.51). That is, the vector
characterizing the trajectory set V within phase k 1<k<m is

nothing more than the diagonal of G(k). Thus for the above

example
0000
Gitl) = 010¢0
0010
0001
Gi2) = 10
00
000 0
Gi¥3) = 0100
0 00O
0000
1 0000
01000
Gf4) = 00100
00010
[ 00001

Hence, when inputting a trajectory set, METAPHOR will ask for

"THE G DIAGONAL" of the kth

phase. Note, too, that for the
final phase, i.e., phase m,

a; = £; (m

METAPHOR {Version 1) User's Guide



here F{m) = [fi(m)] (12isn = number of states in phase m) is the
characteristic vector (see [41), and so the 1last wvector
discussed in the above example is the transpose of the F vector.
Hence, METAPHORE will request the F vector when inputting a
trajectory set. (This is a slight abuse since the user is
actually entering the transpose of F, i.e., FT. However,
entering FT is easier than entering F, and asking for the F
vector is less confusing than asking for the transpose of the F
vector.)

The following METAPHOR session demonstrates how the above

trajectory could be entered:

PHASE 1:
ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):
g: o0 1 1 1

PHASE 2:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY) :
O: 1 o

PHASE 3:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY) :
l: 0 1 0 0

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):
g: 1 1 1 1 1

2.3. Bntering Trajectory Sets
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2.4, Inputting Information Associated with Trajectory Sets

Along with every trajectory set provided to MEfAPHOR, up
to two other pieces of information may be requested. The fifst
is an initial state distribution, the I wvector. When this is
requested, enter a probability vector such that its ith entry is
the ©probability that the system will initially be in state i.
Of course, the entriés in the I vector should sum to 1l; if not,
METAPEOR will print an error message and again ask for the I
vector. The I vector is requested for each trajectory set——the
same I vector should be used for all trajectory sets.

The second item associated with trajectory set input is a
vector characterizing the time—invariant basic variables. (SBee
Section 2.1,) This vector, called in METAPHOR the CONSTANT BASIC
VARIABLE VECTOR, 1is requested only if time-invariant basic
variables have been specified. The number and probzbilities of
any time—invariant basic variables are specified before any
trajectory sets are input: METAPHOR requests "“THE NUMBER OF
CONSTANT BASIC VARIABLES," and then asks for the "PROBABILITIES
OF EACH CONSTANT VARTABLE." This refers to the probability of
the event associated with each basic variable. For example,
suppose we have two time invariant basic variables: 1) Category
I1I weather at the destination airport, with probability 0.01s6,
and 2) Autoland equipment on the ground at the destination
airport does not work, with probability 0.01. Then the

following sequence would inform METAPHOR of these variables:

METAPHOR (Version 1) User's Guide



11

NUMBER OF CONSTANT BASIC VARIABLES?
. 2

PROBABILITIES OF EACH CONSTANT VARIABLE?
il: 0.018 0,01

If v is the ith entry of the constant basic variable vector,
and bi is the ith time—-invariant basic variable, then

2 if both wvalues of b, 1lie within the
trajectory set, (i.e., bi is a ™don't

care),
Vi = 1 if only the wvalue of bi corresponding to
the given prebability (i.e., the

probability of the event associated with
the basic variable as specified above) lies
within the trajectory set,
0 otherwise.
For instance, suppose the trajectory set we are entering

requires Category III weather but makes no restriction on

whether the ground autoland equipment is functioning. Then

ENTER THE 2 ELEMENT CONSTANT BASIC VARIABLE VECTOR:
Oo: 1 2

2.5. Operation of METAPHOR

Version 1 of METAPHOR 1is written in APL. Hence, use of
METAPHOR is initiated by running 4PL and loading a workspace
containing the METAPHOR package. This procedure is
implementation dependent and so will not be described here.

Once the workspace is loaded, METAPHOR is run by typing the

function name

METAPHOR

2.5. Operation of METAPHOR
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METAPHOR then responds with

MICHIGAN EVALUATION AID FOR PERPHORMABILIT

VERSION 1 -

TYPE HELF FOR ASSISTANCE
O:

METAPHOR is now ready to accept commands. A prompt symbol
composed of a guad followed by a colon ([J:) is printed whenever

a respense from the user is expected.

2.6, METAPHOR Modes

Depending on the type of response expected from the user,
METAPHOR will be in one of the 5 response modes COMMAND,
COMMAND /REPLY, YES/NO, CAILC, or COM. Figure 1 lists these modes

along with their corresponding prompt symbols and with possible

responses the user can make. When in COMMAND mode, the user can
issue any of the commands discussed in Section 4. O0Often,
METAPHOR will ask a question requesting some parameter value,
e.g., NUMBER OF PHASES?, and in such cases, the mode is
COMMAND/REPLY. The user can either issue another command (for
instance, HELP or CALC) or reply to the guestion. In this mode,
user defined variables can be utilized to input numerical values
(see Section 4.3.), while occasionally the user can employ
commands which automatically or semi-automatically generate
numerical arrays (see Section 5.). METAPHOR will also present

questions which require a YES or NO answer and this mode 1is

METAPHOR ersion 1) User's Guide



MODE PROMPT SYMBOL POSSIBLE RESPONSE
COMMAND gd: Commands
COMMAND /REPLY a: Commands,

Numbers,

Variables,

Sometimes array types
YES /NO {a: Words,

Numbers
CAIC 7 Expressions,

0: EXIT

CcoM *x% Words,

Null line

Figure 1. METAPHOR modes

2.6. METAPHOR Modes
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called YES/NO. Only words and numbers can be entered—— METAPHOR
scans these for some indication of affirmation or negation,
specifically either 1 or ¥ for YES, or 0 or ¥ for NO. YES has
precedence in case both are present, but NO is assumed if
neither YES noy NG 1is indicated. The user can also place
METAPHOR in a calculator (CALC) mode (see Section 4.3.), in
which case any valid 4PL expression input is evaluated and the
result printed. This mode is characterized by the prompt symbol

?

[:
and can be left by typing EXIT. Finally, to document a METAPHOR
session, the c¢omment (COM) mode (see Section 4.4.) can be
entered. Any segquence of symbols can be typed, but none will be
processed; to leave, one gives a carriage return with no
preceding characters (a null line). The COM mode causes every

line to begin-with #*%.

2.7. METAPHCOR Commands

Presently 9 commands are recognized by METAPHQOR, These

have the syntax
COMMAND [ON|QFF]

where the modifiers ON and OFF are used with the commands BRIEF
and ECHO. The other commands are ALTER, CALC, COM, DATA, EVAL,
EXIT, and HELP. Complete descriptions of these are given in
Section 4., while examples of their use are presented in Section
3. 2&ny command can be issued at any time METAPHOR is in either

COMMAND or COMMAND/REPLY mode. Also, when in COMMAND/REPLY

METAPHOR §Version 1) User's Guide
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mode, 4 types of array specification commands are available for
use when inputting P or H matrices: GIVEN, IDENTITY, NFAIL, and
DEDFAIL. These matrix types are described in Section 5.

If a command is given while METAPHOR 1is processing an
earlier command, the first command will be stacged; its
execution will be continued once the second command has been
completed. Any number of commands can be stacked, subject only
to constraints imposed by the host APL program. Array
specifications are also capable of being stacked. An example of

such stacking is given in Figure 2.

2.8. METAPHOR as a Performability Evaluation Tutor

METAPHOR was designed to fulfill three broad design
criteria: 1) To serve as a tool for performability modeling and
evaluation, 2) To demonstrate the feasibility of performing the

calculations associated with performability evaluation, and

3) To provide a tutorial basis for communicating the techniques
of performability modeling and evaluation. The latter goal Iis
appreciably mature in Version 1. Since the initiation of our
work, we have recognized the necessity of providing the means of
communicating the purposes and methodologies of performability
analysis. Although to a large extent publications,
presentations at meetings, and personal contacts provide such
transfers of information, we feel that the availability of a
package with which an analyst can experiment and learn will addqd
significantly to the potential use of performability. Thus,

METAPHOR was designed from its £first stages as more than a

2.8. METAPHOR as a Performability Evaluation Tutor
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MICHIGAN EVALUAZION AID FOR PERPHORMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE
o : coM
**%x THIS SESSION DEMONSTRATES THE STACKING

k%% CAPABILITY OF METAPHOR COMMANDS
*dok

Od: EVAL

NUMBER OF PHASES?
g: 2

NUMBER OF STATES PER PHASE? ( SPACE BETWEEN EACH NUMBER)
d. 2 2
SPECIFY THE P MATRICES FOR EACH PHASE, 1 PHASE AT A TIME
PHASE 1:

WHAT TYPE OF P MATRIX?
O: IDENTITY

PHASE 2:

WHAT TYPE OF P MATRIX?
O: ZIDENTITY —_—

SPECIFY THE H MATRICES FOR EACH PHASE, 1 PHASE AT A TIME
PHASE 17 2:

WHAT TYPE OF H MATRIX?

d: comM

#%% FIRST, WEALL STACK THE EVAL COMMAND WITH 4 DATA COMMAND

k%

WEAT T7YPE OF H MATRIX?

O: Dp4arA

PUT AN X BELOW EACH ITEM TQ BE DISPLAYED. HELP AVAILABLE.

NUM.PHASES NUM.STATES P H NUM.CONST.BAS.VARS PROB.CONST.BAS.VARS
X

NUM.ACC .LEVELS NUM.TRAJ.SETS I & F V PERF

THE P MATRICES ARE:
10
Figure 2. METAPHOR session illustrating the stacking of commands

METAPHOR fVersion 1) User's Guide
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10

01
WHAT TYPE OF H MATRIX?
O: coM _
*%*% THE DATA COMMAFND EHAS BEEN EXECUTED
*%% WE'RE BACK TO THE EVAL COMMAND

*** NOW WE'LL STACK THE EVAL COMMAND WITH AN ALTER COMMAND
Tk

WHAT TYPE OF H MATRIX?

O: ALTER

PUT AN X BELOW EACH ITEM TQO BE CHANGED. HELP AVAILABLE.

P H CONST.BAS.VARS ALL.ACC.LEVELS PRESENT.ACC.LEVEL I G F V NUM.TRAJ.SETS
X

ALTERING P

SPECIFY THE P MATRICES FOR EACH PHASE, 1 PHASE AT 4 TIME

PHASE 1:

WHAT TYPE OF P MATRIX?
O0: cou

**%% NOW WE WILL STACK THE FIRST ALTER COMMAND WITH A SECOND ONE
kK

WHAT TYPE OF P MATHRIX?

0: ALTER

PUT AN X BELOW EACEH ITEM TO BE CHANGED. HELP AVAILABLE,

P H CONST .BAS.VARS ALL.ACC .LEVELS PRESENT.ACC.LEVEL I G FV NUM.TRAJ.SETS
X -

ALTERING P

SPECIFY THE P MATRICES FOR EACH PHASE, 1 PHASE AT A TIME
PHASE 1:

WHAT TYPE OF P MATRIX?
0: cou

*%% FINALLY, WE WILL STACK BOTH OF THE PREVIOUS ALTERS WITH A THIRD ONE
*k %

WHAY TYPE OF P MATRIX?
0: ALTER
PUT AN X BELOW EACH ITEM T0 BE CHANGED. HELP AVAILABLE.

P # CONST.BAS.VARS ALL.ACC.LEVELS PRESENT.ACC .LEVEL I G F V NUM.TRAJ.SETS
X

ALTERING P
SPECIFY THE P MATRICES FOR EACH PHASE., 1 PHASE AP 4 TIME

Figure 2. METAPHOR session illustrating the stacking of commands -- continued)

2.6, METAPHOR Modes
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PHASE 1:

WHAT PYPE OF P MATRIX?

O: cou

*x% LET'S TAKE A LOOK AT THE PRESENT P MATRICES

ok

WHAT TYPE OF P MATRIX?

0: DATA

PUT AN X BELOW EACHE ITEM T0 BE DISPLAYED. HBELP AVAILABLE.

NUM.PHASES NUM.STATES P H NUM.GONST.BAS.VARS PROB.CONST.BAS.VARS
X

NUM.ACC .LEVELS NUM.TRAJ .SETS I G F V PERF

THE P MATRICES ARE:

10
0 1
1 0
0 1
WHAT TYPE OF P MATRIX?
1: GIVEN
ENTER THE MATRIX, 1 ROW AT A TIME
ROW 1:
f1s 0.01 0.99
ROW 2:
O: 0.99 6.01
PHASE 2:
WHAT TYPE OF P MATRIX?
O0: NFATL
ENTER PHASE LENGTH
gd: 10
ENTER QOMPONENT FAILUEE RATE
d: 1% 6
ENTER NUMBER QF GROUPS
O: 1
ENTER NUMBER OF COMPONENTS PER GROUP ( SPACE BETWEEN EACH NUMBER)
: 1
WHAT TYPE OF P MATRIX?
0: ¢coM

*%*x WE HAVE COVERED THE TOP ALTER OF THE STACK. CHECK THE VALUE OF P

Fkk

WHAT TYPE OF P MATRIX?

O: DATA

PUT AN X BELOW EACH ITEM TO BE DISPLAYED. HELP AVAILABLE.

NUM.PHASES NUM.STATES P H NUM.CONST.BAS.VARS FPROB.CONST.BAS.VARS
X

NUM.ACC .LEVELS NUM.TEAJ.SETS I G F V PERF

Figure 2. METAPHOR session illustrating the stacking of commands —— continued
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THE P MATRICES ARE:

1.000000000E 2 9,.900000000F 1
9.900000000F 1 1.000000000E 2

9,9939900000E 1 9.999950000E 6
0.000000000E0 1.000000000EC

WHAT TYPE OF P MATRIX?

I DEDFATL

ENTER PHASE LENGTH

B0: 10

ENTER COMPONENT FAILURE EATE

i: 0.0001

PHASE 2:
WHAT T'YPE OF P MATRIX?

O0: GIVEWN
ENTER THE MATRIX, 1 ROW AT A TIME

ROW 1:

it: 0 1

ROW 2:

f1: 1 0

WHAT TYPE OF P MATRIX?
O0: coM

*HK WE HAVE NOW COVERED THF TOP TWO STAKED ALTEE COMMANDS.

*%% LET'S SEE WHAT THE CURRENT VALUE OF P IS

WHAT TYPE OF P MATRIX?

O: DATA

PUT AN X BELOW EACH ITEM T0 BE DISPLAYED. HELP AVAILABLE.

NUM.PHASES NUM.STATES P H NUM.CONST.BAS.VARS ©PROB.CONST.BAS.VARS
X

NUM.ACC .LEVELS NUM.TEAJ .SETS I ¢ F V PERF

THE P MATRICES ARE:

0.9990001998 0.00099385001566
0 1
0 i
1 0

WHAT TYFPE OF P MATRIX?
0: IDENTITY

PHASE 2:

WHAT TYPE OF P MATRIX?
0: IDERTITY

Figure 2. METAPHOR session illustrating the stacking of commands —-- continued)

2,6, METAPHOR Modes



20

WHAT TYPE OF H MATRIX?

O: coM

k%% AT LAST WE HAVE COVERED ALL THE ALTER COMMANDS.

k% MARE SURE WE HAVE THE LAST MATRIX WE SPECIFIED

® k%

0: DATA

PUT AN X BELOW EACH ITEM TO BE DISPLAYED. HELP AVAILABLE.

NUM.PHASES NKNUM.STATES P H NUM.CONST.BAS.VARS PROB.CONST.BAS.VARS
X

NUM.ACC.LEVELS NUM.TRAJ.SETS I G F V¥V PERF

THE P MATRICES ARE:

1 0
0 1
1 0
0 1

WHAT TYPE OF H MATRIX?

O: coM

x4k NEXT, WE STACK THE PREESENT EVAL COMMAND WITH ANOTHER EVAL COMMAND
*k &

WHAT TYPE OF H MATRIX?

0: EVAL

NUMBER OF PHASES?
O: coM
**%x FINALLY, WE STACK THE TWO EVAL COMMANDS WITH

FPigure 2. METAPHOR session illustrating the stacking of commands
-— continued)
METAPHOR (Version 1) User's Guide
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*x% ENITTRE METAPHOR PROGRAM
*kk

0: METAPHOR

MICHIGAN EVALUAZION AID FOR PERPHQRMABILITY
VERSION 1

TYPR HELP FOR ASSISTANCE
0.

Figure 2., METAPHOR session 1llustrating the stacking of commands

-= continued)
2.6, METAPHOR Modes
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bookkeeping and calculator program. With it, an analyst can
receive information concerning his possible next actions or
further iInformation concerning some question METAPHOR has asked.
(See Section 4.9.) METAPHOR will guide the analyst through a
performability model evaluation by collecting information in a
logical sequence, hence insuring the inclusion of all steps.
Finally, different types of consistency checks are made
throughout the package to lessen the chance of error on the part
of the analyst. First, some redundant information is requested,
as, for example, when METAPHOR initially requests the number of
phases and then asks for the number of states in each of those
phases. Although the package could have been designed to
request only the number of states in each phase (the number of
phases would then be implicitly defined to be the number of
values input}, this was not done to prevent possible errors such
as omitting the- number of states 1in one phase. Secondly,
consistency checks are made regarding the legality of all
inputs. For example, all probabilities must be between 0 and 1,
and all probability vectors must sum to 1. Alsco, phase lengths,
failure rates, etc., must be positive, while quantities such as
the number of phases and the number of states per phase must be
positive integers. A third type of consistency check occurs in
certain of the array generators such as DEDFAIL (see Section
5.1.) and NFAIL (see Section 5.4.). These tests are made on the
reasonableness of component failures. If the failure rates are

1 ~10

not within the range 10 - to 10 ~°, the user is asked to confirm

METAPHOR ¥ersion 1) User's Guide
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the failure rate. Finally, a check is made of the
performability result; in case sum of the the performabilities
of all the accomplishment levels does not sum to one, a warning

is printed.

2.9. Use of Command Files in METAPHOR

Two commands have been implemented in METAPHOR to support
the c¢onvenient use of co&mand files. {A command file is a file
or device containing a sequence of commands to be used as input.
The file is then "sourced," i.e., the program is directed to
process commands from the file rather than from the terminal.)
This technique allows the preservation of rather long or tedious
METAPHOR sessions and so simplifies the modification of
evaluations, [In MTS*, an APL -~ file (say MY.CCMMAND.FILE) is
sourced with the command

YSOURCE MY.COMMAND .FILE
Some 4PL systems may not support command files.]

The two commands assisting with such c¢ommand files are
BRIEF (see Section 4.2.}) and ECHO (see Section 4.6.). The
command BRIZF ON prevents METAPHOR from printing any guestions
or remarks other than prompts for answers {with the exception
that the performability result is always printed; hence using
BRIEF ONF in conjunction with a command file results in a

METAPHOR session with very little output. For instance,

&
Michigan Terminal System

2,%, Use of Command Files in METAPHOR
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MICHIGAN EVALUATION -AID FOR PERPHORMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE

fi: BRIEF ON

BRIEF BRIEF ON

f: )YSOURCE COMMANDFILE

PERFORMABILITY FOR THIS MISSION « 0.00989387005 0.99000003

The second command, ECHO 0N, causes METAPHOR to echo each
input 1line. This is useful for obtaining a record of the input
from a command file (since normally the input from a command
file is not printed on the terminal). Thus, without ECHEO OWN,

PRAJECTORY SET 1

ENTER THE I VECTQR (SPACE BETWEEN EACH ENTRY):
Og: 1 0 0 90

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):
g: 1 4 0 o0

while with ECHO 0¥,

PTRAJECTORY SET-1

ENTER THE I VECTOR (SPACE BETWEEN EACH ENTRY):
J: 1 0 0 o0

O: 1 o o0 o

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):
0: UFINALVECTOR

g: 1 1 o0 0

METAPHOR (Version 1) User's Guide
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3. Examples of the Use of METAPHOR

To 1llustrate the use of METAPHOR, consider the following
examples of performability evaluations carried out with the aid
of METAPHOR. 1In most cases, the examples are extremely simple,
and an analytical solution is given (though the derivation Iis
net shown); these analytical solutions are presented as checks.
The reader will note that numerous examples have been provided--
in particular, each capability of METAPHOR has been illustrated
with 1its own example. Hopefully, the volumne of so many
examples will neither intimidate nor confuse the reader, but
rather, will provide a step by step guide of techniques and
methods useful for performability model evaluation. In
addition, descriptions of certain basic concepts (e.g.,
reconfiguration and degradation) have been included as an aid to

the user.

3.1. System Reliability Examples

As first examples of performability modeling and
evaluation, suppose there are only two accomplishment levels ag
and a; where ay denotes "success" and a, denotes "failure" (in
which case performability reduces to reliability).

211 of the examples 1in this section involve systems
containing networks of subsystems. Each subsystem can be either
"operational™ or "failed,” and each subsystem fails permanently,
that is, once a subsystem has failed, it remains failed for the
duration of the utilization period. S8Subsystems are identical

and fail with a constant rate of 1=10"4/hour. Also, unless

3.1, ©System Reliability Examples
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otherwise stated, the utilization period length is 10 hours and
all subsystems in the system are operatiocnal at the start of the

gtilization period.

3.1.1., TMR System Example

The results with identical inputs (see Figure 3) of three
subsystems are voted upon and the majority result is interpreted
as the system result--hence, the system 1s successful if and
only if two of the three subsystems work £for the entire
utilization period. The states of the system will be denoted:

3: Three subsystems cperational

2: Two subsystems operational

l: One subsystem operational

0: No subsystems operational.
The transition graph is given in Figure 4. Thus, accomplishment
level 0 is attained i1f the system is in either state 3 or state
2 at the end of the wutilization period, while accomplishment

level 1 1iIs achieved if the system is in one of the states 1 or

0. Technically,

y L0y

y

The P matrix for this system can be generated using type

({2,311
[{0,111.

NFAIL transition matrix generation command with 1 group of 3
elements. (See Section 5.4,) PFigure 5 shows the METAPHOR
session required to compute the performability. One can show

that

3eTHE L geE 1 -

P (0) - 2

= 0.992997

METAPHOR iVersion 1) User's Guide



Figure 3.

The system of Section 3.1.1., TMR System Example

3.1.1. TMR System Example

27
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Figure 4. Transition graph for the system of Section 3.1.1., TMR System
Example

METAPHOR (Version l)‘User's Guide
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MICHIGAN EVALUATION AID FOR PERPHORMABILITY
VERSION 1

PYPE HELP FOR ASSISTANCE
O: coM
*x% THIS SESSION DEMONSTRATES THE EVALUATION OF THE TMR SYSTEM

k% IN SECTION 3.1.1.
% k&

O: EVAL

NUMBER OF PHASES?
. 1

NUMBER OF STATES PER PHASE? ( SPACE BETWEEN EACH NUMBER)
H: n

SPECIFY THE P MATRICES FOR EACH PHASE, 1 PHASE AT A TIME

PHASE 1:

WHAT TYPE OF P MATRIX?

O: NFAIL

ENTER PHASE LENGTH

0: 10

ENTER COMPONENT FAILURE RATE

J: 0.0001

ENTER NUMBER OF GROUPS

g:. 1

ENTER NUMBER OF COMPONENTS PER GROUP ( SPACE BETWEEN EACH NUMBER)
d: 38

NUMBER OF CONSTANT BASIC VARIABLES?
O: o

NUMBER OF ACCOMPLISHMENT LEVELS?
0: 2 .

ACCOMPLISHMENT LEVEL O

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
B: 1

TRAJECTORY SET 1

ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)

I i 0 0 0

ENTER THE F VECTOR {( SPACE BETWEEN EACH ENTRY)

il: 1 1 0o 0

ACCOMPLISHMENT LEVEL 1

Figure 5. METAPHOR session for the example of Section 3,1.1., TMR System
Example

3.1.1. TMR System Example
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NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
0: 1

TRAJECTORY SET 1

ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)

i: 1 0 0 0

ENTER THE F VECTOR { SPACE BETWEEN EACH ENTRY)
O: o o 1 1

Figure 5. METAPHOR session for the example of Section 3.1.1., TMR System
Example—- continued)

METAPHOR {Version 1) User's Guide
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1 - 3‘9“2}\t + 2

3x10°°.

e"3lt

Il

P (1)

3.1.2. TMR System Example with Non-deterministic Initial
State

Buppose the system begins its utilizaticn period in some
unknown state. In particular, assume the probability of a given
subsystem being operational at the start of the wutilization
period is 0.99. Then the probabilities of beginning the
utilization period in a given initial state Xy are as follows:

Pr(X,=3) = (0.99)> = 0.97029

Pr (X,=2) = 3(0.99)°(0.01) = 0.0294
Pr(X,=1) = 3(0.99)(0.01)° = 0.000297
Pr (X,=0) = t0.01)> = 107°

Figure 6 illustrates a METAPHUR session required to calculate

the performability of this system. Analytically,

t

pg(0) =Pr(Xp=3) % - &7 4+ Pr(xy=2)e S *

= 0,98996

S

+ Pr(X,=2) (1 - ey 4 Pr(Xy=1) + Pr(X,=0)

pgll) = Pr(X,=3)(1 - 3e”

= 0.00036

3.1.2. TMR System Example with Non—deterministic Initial State
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MICHIGAN EVALUATION AID FOR PERPHORMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE

O: cou

*%% THIS SESSION DEMONSTRATES THE EVALUATION OF FHE
*%% NONDETERMINISTIC INITIAL STATE TMR SYSTEM

*%% OF SECTION 3.1.2.

*k %k

O: EVAL

NUMBER OQF PHASES?
O: 1

NUMBER OF STATES PER PHASE? ( SPACE BETWEEN EACH NUMBER)
H: &

SPECIFY THE P MATRICES FOR FEACH PHASE, 1 PHASE AT A TIME
PHASE 1:

WHAT TYPE OF P MATRIX?

O: ©NFAIL

ENTER PHASE LENGTH

g: 10

ENTER COMPONENT FAILURE RATE

0: 0.0001 -

ENTER NUMBER OF GROUPS

0: 1

ENTER NUMBER OF COMPONENTS PER GROUP ( SPACE BETWEEN EACH NUMBER)
O: 3

NUMBER OF CONSTANT BASIC VARIABLES?
O: o

NUMBEE OF ACCOMPLISHMENT LEVELS?
O: 2

ACCOMPLISHMENT LEVEL O

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
: coM

*%% LET'S DETERMINE THE INITIAL STATE VECTOR

**x%* TN THE CALC MODE
hhkw

0: CALC

7

fi: UP<+.99
0.99

Figure 6. METAPHOR session for the example of Section 3.1.2,, TMR System
Example with Non-deterministic Initial State
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s Ug<.01
.01

: U3«UP#*3
.970299

U2+3xUQxUP*2
.028403

U113 xUPxUg*2
.000297

_ U0<UQ*3
6

‘OEEI'QOE{'QOD'QOE]'\?OD'\'J

0: EXIT

EXIT

NUMBER OF TRAJECTORY
O: 1

TRAJECTORY SET 1
ENTER THE I VECTOR (
O: c¢oM

*%% HERE WE DEFINE 4
*k Xk

O: UI«Us,y2,01,00
ENTER THE F VECTOR
O: 1 14 0 o

ACCOMPLTISHMENT LEVEL
NUMBER OF TRAJECTORY
H: 1

TRAJECTORY SET 1
ENTER THE T VECTOR (
O: U1

ENTER THE F VECTOR (
g: o o 1 1

SETS FOR THIS ACCOMPLISHMENT LEVEL?

SPACE BETWEEN EACH ENTRY)

VARTABLE T0O BE THE INITTAL STATE VECYOR

SPACE BETWEEN EACH ENTRY)

1
SETS FOR THIS ACCOMPLISHMENT LEVEL?

SPACE BETWEEN EACH ENTRY)

SPACE BETWEEN EACH ENTRY)

PERFORMABILITY FOR THIS MISSION <« 0.99956403467 0.0003596532833

Figure 6., METAPHOR session for the example of Section 3.1.2., TMR System

Example with Non—deterministic Initial State-- continued)

3.1.2.

TMR System Example with Non—deterministic Initial State
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3.1.3. TMR System with Time-Invariant Basic Variable
Example

Consider now the TMR example of the preceding section and
suppose the voter works at the beginning of the wutilization
period with probability 0.99. Suppose too that if the voter
works at the beginning then it will work throughout the
utilization period, but if the voter fails, the system Iis
unsuccessful. This system can be analyzed with METAPHOR in at
least two ways.

1) The initial distributien (I) wvector can be modified such
that the system begins in state 3 with probability 0.99
and in state 0 with probability 0.01, or

2) A time-invariant basic variable having probability 0.29
can be specified. The trajectory set associated with
accomplishment 1level 0 would have a constant basic
variable vector 1 while the vector associated with
accomplishment level 1 would be 0.

Let us use the second method for this example. Then the

trajectory sets correspoending to each accomplishment level would

be:

v~ (o)

v~y

[{2,31]1%0

[{0,131=x* U [{2,3}1x1
Figure 7 illustrates the session required to perform the

calculations. Analytically,

pg(0) = 0.99(3e_2}\t - 2e_3lt) —
= 0.989997

Po(l) = .99(1 = 3e7HE 4 2073AY) gy
= 0.010003

METAPHOR {Version 1) User's Guide



MICHIGAN EVALUATICN AID FOR PERPHORMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE

d: CoM

k%% THIS SESSION DEMONS@RATES THE EVALUATION OF THE
*%x TME SYSTEM WITH TIME INVARIANT BASIC VARIABLE OF
*x% SECTION 23.1.3..

Rk

O: EVAL

NUMBER OF PHASES?
f: 1

NUMBER OF STATES PER PHASE? ( SPACE BETWEEN EACH NUMBER)
B0: 4

SPECIFY THE P MATRICES FOR EACE PHASE, 1 PHASE AT A TIME
PHASE 1:

WHAT TYPE OF P MATRIX?

O: NFATL

BENTER PHASE LENGTEH

g: 10

ENTER COMPONENT FATLURE RATE

0. 0.0001

ENTER NUMBER QF GROUPS

: 1

ENPER NUMBER OF COMPONENTS PER GEOUP ( SPACE BETWERN EACH NUMBER)
O: 3 .
NUMBER OF CONSTANT BASIC VARIABLES?

O: 1

PROBABILITIES OF KEACH CONSTANT VARIABLE? ( SPACE BETWEEN EACH NUMBER)
O: 0.99

NUMBER OF ACCOMPLISHEMENT LEVELS?
f: 2

ACCOMPLISHMENT LEVEL O

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
O: 1

TRAJECTORY SET 1

ENTEER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)
O: 14 0 0 o

ENTER THE F VECTOR ( SPACE BETWEEN EACH ENTRY)

Figure 7. METAPHOR session for the example of Section 3.1.3., TMR System with
Time-Invariant Basic Variable Example

7 TMR System with Time-Invariant Basic Variable Example
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: 1 1 o o0

ENTER THE 1 ELEMENT CONSTANT BASIC
0: o

ACCOMPLISHMENT LEVEL 1
NUMBER OF TRAJECTORY SETS FOR THIS
g: 2

TPRAJECTORY SET 1

ENTER TEE I VECTOR ( SPACE BETWEEN
O: 1 0 o0 o

ENTER THE F VECTOR { SPACE BETWEEN
gd: o 0 1 1

ENTER THE 1 ELEMENT CONSTANT BASIC
O: 2

TRAJECTORY SET 2

ENTER THE I VECTOR ( SPACE BETWEEN
O: 1 0 0 ©

ENTER THE F VECTOR ( SPACE BETWEEN
: 1 1 o0 0

ENTER THE 1 FLEMENT CONSTANT BASIC
O: 1

VARIABLE VECTOR ( SPACE BETWEEN EACH ENTRY

ACCOMPLISHMENT LEVEL?

EACH ENTRY)

EACH ENTRY)

VARTABLE VECYOR ( SPACE BETWEEN EACH ENTRY

EACH ENTRY) :

EACH ENTRY) :

VARIABLE VECTOR ( SPACE BETWEEN EACEHE ENTRY

PERFORMABILITY FOR THIS MISSION < 0,9899870349 0.01000296505

Figure 7. METAPHOR session for the example of Section 3.1.3., TMR System with

Time—-Invariant Basic

METAPHOR j§Version 1) User's Guide
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3.1.4., Simple Series—Parallel System Example

Next examine the simple series—parallel system shown in
Figure 8. The system is successful if and only if a path of
operational subsystems from X to ¥ is present throughout the
utilization period. With the intention of employing the NFAIL
transition matrix generation facility, partition the system into
two groups, each with two subsystems as shown in Figure 2. Then
writing the state of the system as the ordered pailr (X,Y), where
X is the number of operational subsystems in the first group
(subsystems A and B) and Y is the number operational in the
second group (subsystems C and D), the system is successful if
and only if the state at the end of the wutilization period Iis
one of

{2,2), (2,1), (2,0), (1,2), (1,1), (0,2), or (0,1) .
Furthermore, the system fails if the state is one of
(1,0) or (0,0).

{See Figure 10.,) Thus,

-l
——
o
~—
If

(4(2,2),(2,1),(2,0),(1,2),(1,1),(0,2),(0,1)}]

({(1,0),(0,0) 1

-

.
[amd
i}

Figure 11 shows the METAPHOR session required to compute

the performability. Analytically, one can show that
-2A%

-d T _ -
P (0) = e AT 4 4o3E G | gTAEy e

+ 2e-kt(l-3-evkt)5

(1 - e %

= 0.9995959998

3.1.4. Simple Series-Parallel System Example
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Figure 8. Block diagram of the system in the example of Section 3.1.4,,
Simple Series-Parallel System Example

METAPHOR (Version 1) User's Guide
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Figure 10, Transition graph for the system of Section 3.1.4., Simple
Series—Parallel System Example
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MICHIGAN EVALUATZION AID FOR PERPHORMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE
O: cou
*%x% THIS SESSION DEMONSTRATES THE EVALUATION OF THE

**%x SERTES PARALLEL SYSTEM OF SECTION 3.1.4.
*k %

O: BEVAL

NUMBER OF PHASES?
H: 1

NUMBER OF STATES PER PEASE? { SPACE BETWEEN FEACH KUMBER)
fd: 9

SPECIFY THE P MATRICES FOR FACH PHASE, 1 PHASE AT A TIME
PHASE 1:

WHAT TYPE QOF P MATRIX?

O: NFAIL

ENTER PHASE LENGTH

O: 10

ENTER COMPONENT FAILURE RATE

H: 0.0001

ENTER NUMBER OF GROUPS

. 2 E—

ENTER NUMBER OF COMPONENTS PER GROUP ( SPACE BETWEEN EACH NUMBER)
g: 2 2

NUMBER OF CONSTANT BASIC VARTABLES?
f(I1: ©

NUMBER OF ACCOMPLISHMENT LEVELS?
. 2

ACCOMPLISHMENT LEVEL O

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHEMENT LEVEL?
d: 1

TRAJECTORY SET 1

ENTER THE I VECTOR ( SPACE BETWEEN EACEH ENTRY)
O: 1 0 0 0o 0 0 0 ¢ 0

ENTER THE F VECTOR {( SPACE BETWEEN EACH ENTRY)
0: 1 1 i 1 i 0 1 1 0

ACCOMPLTSHMENT LEVEL 1

Figure 11. METAPHOR session for the example of Section 2.1l.4., Simple Series-
Parallel System Example

3.1.4, Simple Series—Parallel System Example
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NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
fa: 1

TRAJECTORY SET 1

ENTER THE I VECTOR ( SPACE BETWEEN FACH ENTRY)

0: 1 0 0o o & 0 O 0o @0

ENTER THE F VECTOR ( SPACE BETWEEN EACH ENTERY)

0: ¢ 0o 0 0 o0 1 0O 0 1

PERFORMABILITY FOR THIS MISSION +« 0.999999998 1.996004496F 9

Figure 11, METAPHOR session for the example of Section 3.1.4., Simple Series-
Parallel System Example—— continued)
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= 0.000000002

3.1.5. Multi-phased Reliability Example

The preceding examples have involved systems wherein the
structure of the system has remained the same throughout the

utilization period. Consider now a system which is reconfigured

at predetermined times, i.e., after fixed periods, the system is
restructured such that although individual subsystems retain
their 1identity, their interrelationships are possibly changed.
Some commonplace illustrations of reconfiguration are given
below:

1) A reconfigurable computing system on board a commercial
aircraft. 2as the aircraft enters variocus phases (e.g.,
takeoff, cruise, landing) the computer reconfigures to
satisfy the demand for different types of computations
based on their cost (in terms of available resources)
and criticality.

2) A set of machines in a small factory which produces a
set of different products. The system reconfigures when
a new manufacturing segquence is introduced tec fabricate
a new product.

3) An 11 man foothall team where each athlete plays two
positions~~one on offense and a second on defense. The
system reconfigures when the team either gains or loses
possession of the ball.

4) A corporation’s management. Here the system
reconfigqures during a "shakeup” of the corporation’'s
organization.

5) An automobile with a spare tire. When one tire goes
flat, the system reconfigures to an automobile with no
spare tire.

Systems which involve reconfiguration after deterministic

3.1.5. Multi-phased Rellability Example
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periods of time are said to be phased {see [l6]). For example,
the system in Figure 12 involves three subsystems in series
during the first 10 time of units of the utilization period,
i.e., the first phase. Then however, those same subsystems are
restructured into a parallel configuration for the final 10 time
units (the second phase). Again, the system is successful Iif
and only if a path of operational subsystems from X to Y is
present throughout the utilization period. We shall write the
state of the system as the number of operational subsystems, and
we shall sample state trajectories at the end of both phases.
Now, suppose we have determined that a system 1s successful if

i) the state at the end of phase 1 ig 3, and
ii}) the state at the end of phase 2 is at least 1.

Thus,

[3 {1,2,3}]

-2
—
]
St
li

and,

7_1(1)

The interphase transition matrix between phases 1 and 2 1is

[{o,1,2} #1 U [3 0].

the didentity matrix because the state of the system (i.e., the
number of operational subsystems) remains unchanged when the
phase changes. For the first intraphase transition matrix, the
NFAIL matrix generation command can be used since we are
interested in the actual number (1, 2, or 3) of operational
subsystems. However, because the second phase requires only
knowledge of whether all 3 subsystems work, the DEDFAIL command
(with 1 group of 3 subsystems) may be employed. Figure 13

illustrates a session with METAPHOR to calculate the system

METAPHOR {Version 1) User's Guide
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Pigure 12, Block diagram of the system in the example of Section 3.1l.5.,
Multi-phased Reliability Example

3.1.5. Multi-phased Reliability Example
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MICHIGAN EVALUAZION AID FOR PERPHOEMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE

O: cou

*%% THIS SESSION DEMONSTRATES THE EVALUATION OF THE
*%% MULTIPHASED SYSTEM IN SECTION 3.1.5.

*kk

O: EVAL

NUMBER OF PHASES?
O: 2

NUMBER OF STATES PER PHASE? ( SPACE BETWEEN EACH NUMBER)
O: 4 4

SPECIFY TEE P MATRICES FOR EACH PHASE, 1 PHASE AT A TIME
PHASE 1:

WHAT TYPE OQF P MATRIX?

(: NFATL

ENTER PHASE LENGTH

O: 10

ENTER COMPONENT FAILURE RATE
0: o0.0001

ENTER NUMBER OF GROUPS

O: 1

ENTER NUMBER OF COMPONENTS PEER GROUP ( SPACE BETWEEN FEACH NUMBEER)
: 3

PHASE 2:

WHAT TYPE OF P MATRIX?

O: DEDFAIL

ENTER PHASE LENGTH

g: 10

ENTER COMPONENT FAILURE RATE
tf: 0.0001

SPECIFY THE H MATRICES FOR KACH PHASE, 1 PHASE AT A TTME

PHASE 1 2:

WHAT TYPE OF H MATRIX?
O: IDENTITY

Figure 13. METAPHOR session for the example of Section 3.1.5., Multi-phased
Reliability Example
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NUMBER OF CONSTANT BASIC VARIABLES?
g: 0

NUMBER OF ACCOMPLISHMENT LEVELS?
g: 2

ACCOMPLISHMENT LEVEL O

NUMBRER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
ig: 1

TRAJECTORY SET 1

ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)

O: 1 0 0 0

PHASE 1:

ENTER THE G DIAGONAL ( SPACE BETWEEN EACH ENTRY)
g: 2 o o 0

ENTER THE F VECTOR ( SPACE BETWEEN EACH ENTRY)
g: 1 1 1 0

ACCOMPLISHEMENT LEVEL 1

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
g: 2

TRAJECTORY SET 1

ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY) :

g: 1 o 0 0

PHASE 1:

ENTER THE @G DIAGONAL ( SPACE BETWEEN EACH ENTRY)
g: o 1 1 1

ENTER THE F VECTOR ( SPACE BETNEEN EACH ENTRY)
{: 1 1 1 1

TRAJECTORY SET 2

ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)

g: 1 o o 0

PHASE 1:

ENTER THE G DIAGONAL ( SPACE BETWEEN EACH ENTRY) :
O: 14 0 0 0

ENTER THE F VECTOR ( SPACE BETWEEN EACH ENTRY)

g: o o o0 1

PERFORMABILITY FOR THIS MISSI(ON <« 0.9370034995 0.0023896500505

Figure 13. METAPHOR session for the example of Section 3.1.5., Multi-phased
Reliagbility Example—— continued)

3.1.5, Multiphased Reliability Example



performability. We can show analytically that

Pg(0) = eTOAE L 3omSAE g Lty | g mAAE g é-ltiz
= 0,997

Pg(l) =1 - a0t ‘36“51t(l’— e My 3o e_)\t)'2
= 0,003 .

where £t = 10 hours.

3.1.6, "Advanced" Series-Parallel System Example

Consider the system in Figure 14. The system is successful
if and only if a path of operational subsystems from X to Y is
present throughout the entire utilization period.

This system is "advanced"” only in the sense that presently
no built-in function within METAPHOR can automatically dgenerate
the transition matrix P. Hence the user may do one of the
following: 1) construct an APL function for calculating the
matrix, or 2} calculate the matrix and enter it wvia the GIVEN
command (see Section 5.2.}, or finally, 3) find an equivalent
system having the same performability, such that the transition
matrices associated with the system can be generated by
METAPHOR. So, making analogies with the technique of Esary and
Ziehms [16] for analyzing phased missions, the user can "phase"
the model as shown in Figure 15. The analogous system has two
subsystems operating over two 10 hour phases. Thus, the NFAJL
transition matrix generation (for a single group of 2
subsystems) can be employed for both phases. Also, the IDENTITY
matrix generator should be used for the interphase transition

matrix. However, caution must be used when utilizing this third

METAPHQOR JVersion 1) User's Guide



Figure 14.

Block diagram of the system in the example of Section 3.1.6.,
"Advanced" Series—-Parallel System Example

3,1.6. T"Advanced" Series-Parallel System Example
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Y

Figure 15. System in the example of Section 3.1.6. ("Advanced" Series-
Parallel System Example) restructured into two phases

METAPHOR (Version 1) User's Guide



51

approach, for the underlying theory must be well understood.
For example, usually only stationary (or wide-sense stationary)
digtributions can be g0 analyzed unless proper compensations are
made.

If the state of the augmented system is written as the
number of subsystems operating, then the system is successful if
and only if the state iIs at least 1 throughout the wutilization
period. We shall write state trajectories as [a, b] where a and
b are the states at the ends of phases 1 and 2 respectively.
Accomplishment level 0 then corresponds to having state
trajectories of

[2 2}, [2 11, [l 21, or [1 1]
while accomplishment level 1 occurs for trajectories
fz o1, 1 o1, [0 O], [0 1], or [O Z2].

That is

2
L
(o]

St

i}

{* {1,21]
[+ 0] U [0 {1,2}].

-
-
pan

1

A METAPHOR session for analyzing the system's performability is

shoewn in Figure 16. Analvtically, we can show

pgt0) = eTAAE 4e_3kt(l - e_it) + ée_ZAt(; - e"kt)z
= 0.999998

Petl) = 1 — & #F o gemIE G ARy m2hE g mAE 2
= 0.000002 .

3.1.6. "Advanced" Series-Parallel System Example
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MICHIGAN EVALUATION AID FOR PERPHQRMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE

0: cou

*%% THIS SESSION DEMONSTRATES THE EVALUATION OF THE
*%x% VADVANCED' SERIES PARALLEL SYSTEM OF

*xx SECTION 3.1.6.

*kk

i: EVAL

NUMBER OF PHASES?
H: 2

NUMBER OF STATES PER PHASE? ( SPACE BETWEEN EACH NUMBER)
O0: 3 3

SPECIFY THE P MATRICES FOR EACH PHASE, 1 PHASE AT A TIME
PHASE 1:

WHAT TYPE OF P MATRIX?

0: NFAIL

ENTER PHASE LENGTH

O: 10

ENTER COMPONENT FAILURE RATE

J: 0.0001 B

ENTER NUMBER OF GROUPS

g: 1

ENTER NUMBER OF COMPONENTS PER GROUP ( SPACE BETWEEN EACH NUMBER)
O: 2

PHASE 2:

WHAT TYPE OF P MATRIX?

O: WFAIL

ENTER PHASE LENGTH

O: 10

ENTER COMPONENT FAILURE RATE

s 0.0001

ENTER NUMBER OF GROUPS

g0: 1

gNTER NUMBER OF COMPONENTS PER GROUP ( SPACE BETWEEN EACE NUMBER)
: 2

SPECIFY THE H MATRICES FOR EACH PHASE, 1 PHASE AT A TIME

Figure 16, METAPHOR session for the example of Section 3.1.6., "Advanced"
Series-Parallel System Example
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PHASE 17 2:

WEBAT TYPE OF H MATRIX?

0: IDENTITY

NUMBER OF CONSTANT BASIC VARIABLES?

ff: o0

NUMBER OF ACCOMPLISHMENT LEVELS?

H: 2

ACCOMPLISHMENT LEVEL 0
NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?

0o: 1

TRAJECTORY SET 1
ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)

O: 1 ¢ o
PHASE 1:

ENTER THE G DIAGONAL ( SPACE BETWEEN EACH ENTRY)

g: 1 1 1

ENTER THE F VECTOR ( SPACE BETWEEN EACH ENTRY)

0d: 1 1 o

ACCOMPLISHMENT LEVEL 1
NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?

Oo: 2

TRAJECTORY SET 1
ENTER THE I VECTOR { SPACE BETWEEN EACH ENTRY) :

g: 1 0 o
PHASE 1:

ENTER THE G DIAGONAL ( SPACE BETWEEN EACH ENTRY)

g: 1 1 1

ENTRER THE F VECTOR ( SPACE BETWEEN EACH ENTRY)

d: 0o o0 1

TRAJECTORY SET 2
ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)

O: 1 o 0
POASE 1:

ENTER THE G DIAGONAL ( SPACE BETWEEN EACH ENTRY)

g: o ¢ 1

ENTER THE F VECTOR ( SPACE BETWEEN EACH ENTRY)

g: 1 1 o0

PERFORMABILITY FOR THIS MISSION ~ 0.999996008 3,992009325E5 6

Figure 1l6.

METAPHOR session for the example of Section 3.1.6.,
Series-Parallel System Example—- continued)

"Advanced"

3.1.6. "Advanced" Series—Parallel System Example
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2.2. Systems with Degradable Performance

The next set of systems to be considered are those whose
performance 1is degradable. These are systems which can display
many different levels of performance (from the user's viewpoint)
during the utilization period, depending on the history of the
system's structure and environment. In particular, we refer

here to systems for which the performance c¢an not be simply

classified as either "success" or "failure." Some common
systems that illustrate degradability are listed below:

1) A reconfigurable computing system on board a commercial
aircraft. As subsystems (modules fail, the ability of
the system to perform various computations will be
decreased.

2) A set of machines in a small factory. As machines
breakdown, the ability of the factory to produce a
product will be decreased; key machines may bring the
entire factory to a stop, while other machines reduce
throughput, increase costs, etc.

3) A football team. The system degrades as athletes grow
tired or are injured.

4) An automobile with pneumatic tires. As air leaks from

the tires, the driving efficiency (in terms of miles per
gallon of gasoline) of the car decreases.

3.2.1, Simple Degradable System Over a Single Phase

Consider the simple degradable system shown in Figure 17.
The system is constructed of two subsystems: A having a high
throughput and B having a low one. If subsystem A works during
the entire utilization period (phase), the system performance is
considered excellent; denote this situation accomplishment level

0. However, should & fail while B works £for the entire

METAPHQOR ¥(Version 1) User's Guide



Figure 17, Block diagram of the system in the example of Section 3.2.1.,
Sinmple.Degradable System Over a Single Phase

3.2,1. ©Simple Degradable System Over a Single Phase
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utilization period, the system performance is deemed acceptable,
but poor; call this case accomplishment level 1, Finally, if
both A and B fail during the utilization period, the performance
is unacceptable; call this situation accomplishment level 2.

We shall dencte the state of the system as the ordered pair
(a,b) where a and b are binary and

{ 0 if A is operational

a:
1 if A is failed
{0 if B is operational
b=
1 if B is failed.

Hence, sampling state trajectories at the end of the
utilization period, accomplishment 1level 0 is achieved if the
state trajectory is one of

[11,1}1 or [(1,0)],
accomplishment level 1 if the trajectory is

[, nl,

and level 2 if the trajectory is
[(0,0)].
Thus ,
7—1(0)
vy

v L2y

It

({(1,1,1,0H
[({c,1)1
[((0,0)1.

I

The intraphase transition matrix P can be computed using
the NFAIL command since the state of both subsystems must be
known. PFigure 18 demonstrates a METAPHOR session for c¢omputing

the systems's performability. One can show analytically that
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MICHIGAN EVALUATION AID FOR PERPHQEMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE
b: coM
&% THIS SESSION DEMONSTRATES THE EVALUATION OF THE

*x% SINGLE PHASED SIMPLE DEGRADABLE SYSTEM OF SECTION 3.2.1,
Rk

O: EVAL

NUMBER OF PHASES?
g: 1

NUMBER OF STATES PER PHASE? ( SPACE BETWEEN EACH NUMBER)
: 4

SPECIFY THE P MATRICES FOR FACH PHASE, 1 PHASE AT A TIME
PHASE 1:

WHEAT TYPE OF P MATRIX?

0: RFAIL

ENTER PHASE LENGTH

O: 10

ENTER COMPONENT FAILURE RATE

s 0.0001

ENTER NUMBEKR OF GROUPS

s 2

ENTER NUMBER OF COMPONENTS PER GROUP ( SPACE BETWEEN EACH NUMBER)
O: 1 1

NUMBER OF CONSTANT BASIC VARIABLES?
O: o0

NUMBER OF ACCOMPLISHMENT LEVELS?
O: 3

ACCOMPLISHEMENT LEVEL 0O

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
id: 1

PRAJECTORY SET 1

ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY) :

g: 1 o 0 ¢

ENTER THE F VECTOR ( SPACE BETNEEN EACE ENTRY) :

g: 12 1 o0 0o -

ACCOMPLISHMENT LEVEL 1

Figure 18, METAPHOR session for the example of Section 3.2.1., Simple
Degradable System Over a Single Phase

3.2.1., Simple Degradable System over a Single Phase
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NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
n: 1

TRAJECTORY SET 1

ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)

0. 1 0 0 0

ENTER THE F VECTOR ( SPACE BETWEEN EACH ENTRY)

0: 0 0 1 0

ACCOMPLISHMENT LEVEL 2

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
f: 1

TRAJECTORY SET 1

ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)

i: 1 0O 0 0

ENTER THE F VECTOR ( SPACE BETWEEN EACH ENTRY)

d: 0 o 0 1

PERFORMABILITY FOR THIS MISSION < 0.999%0004998 0.000998501168 9.990005831E 7

Figure 18. METAPHOR session for the example of Section 3.2.1., Simple
Degradable System Over a Single Phase~— continued)
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—At

Pgt0) = e = 0.999
pgil) = e*F (1 - &™) = 0.000998
pPg(2) = (1 - e A% 2 = 4.000000939

3.2.2, Simple Degradable System over Multiple Phases

Next we study the simple degradable system shown in Figure
19. As in Section 3.2.1., the system has two subsystems, a high
throughput subsystem A and a 1low throughput subsystem B.
However, here the utilization period is divided into two phases,
each of length 10 hours. Qualitatively, phase 1 is deemed very
important, and the throughput of both subsystems A and B is
required to perform the phase well; hence, the <choice of
accomplishment levels emphasizes phase 1. Below are the 4
levels along with their definitions:
level 0: 3 and B work throughout the utilization
period
level 1: A and B work throughout phase 1; A or B
work throughout phase 2
level 2: A and B work throughout phase 1; neither A

nor B works throughout phase 2

leyel 3:; Neither A nor B work throughout phase 1.

Writing states and trajectories as in Section 3.2.1., we

have
yHo) = [L,D @]
N1 = 1LY {0,1), (2,00}
v H2) = 12,1 (0,001
y“H3) = [£1,0),(0,1), 0,00} *] .

Because the system does not reconfigure between phases, the
state of the system remains the same when the phase changes, so

the interphase transition (H) matrix is the identity matrix; the

3.2.2. ©Simple Degradable System over Multiple Phases
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Figure 19. Block diagram of the system in the example of Section 3.2.2.
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IDENTITY command can be employed here. The intraphase
transition (P) matrices are both the same as the one in Section
3.2.1., and the NFAIL command is used to generate them. Figure
20 illustrates a METAPHOR session to compute the performability

of the system. Letting t=10 hours, then analytically,

Pg(0) = et = 9,996

po (1) = 227221 - &™) = 001993

pg(2) = e"2M (1 - ™2 = 9.00000097

pg(3) = 27 M 1 - &My 41 - 72 L glo0199s8 .

3.2.4, Degradable System Over Multiple Phases

Consider next the system in Figure 21. Here we have 4
subsystems being employed in 2 phases, each 10 hours in Ilength.
In phase 1, subsystems A, B, and C are configured in a TMR
manner while subsystem D is standing alone, and in phase 2, all
4 subsystems are standing alone. There are four accomplishment
levels:

level 0: In phase 1, either D or the TMR
configuration (ABC} must work (i.e., 2 of
the 3 subsystems A, B, or C) must work, and
in phase 2, subsystems A, B, and D must
work.

level 1: In phase 1, either D or the TR
configuration (ABC) must work, and in phase
2, subsystems A, C, and D must work, but B
must not work.

level 2: 1In phase 1, either D or the TMR
configuration (ABC) must work, and in phase
2, subsystems A and D must work, but B and
C must not work.

level 3: In phase 1, both D and 2 of the other three
subsystems must fail, or in phase 2, A or D
must fail.

The states of the first phase could be written in one of two

3.2.4. Degradable System Over Multiple Phases
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MICHIGAN EVALUATION AID FOR PERPHQRMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE

0. coM

*%% PTHIS SESSION DEMONSTRATES THE EVALUATICON OF THE
*%% MULTI PHASED SIMPLE DEGRADABLE SYSTEM OF

**% SECPION 3.2.2.

K%k %

0: EVAL

NUMBER OF PHASES?
0: 2

NUMBER OF STATES PER PHASE? ( SPACE BETWEEN EACH NUMBER)
O: 4 &

SPECIFY THE P MATRICES FOR EACH PHASE, 1 PHASE AT 4 TIME
PHASE 1:

WHAT TYPE OF P MATRIX?

O: NFAIL

ENTER PHASE LENGTH

0: 10

ENTER COMPONENT FAILURE RATE

0. 0.0001

ENTER NUMBER OF GROUPS

O: 2

ENTER NUMBER OF COMPONENTS PER GROUP ( SPACE BETWEEN EACH NUMBER)
n: 1 1t

PHASE 2:

WHAT TYPE OF P MATRIX?

O: NPATL

ENTER PHASE LENGTH

0: 10

ENTER COMPONENT FAILURE RATE

{: 0.0001

ENTER NUMBER OF GROUPS

0. 2

ENTER NUMBER OF COMPONENTS PER GROUP ( SPACE BETWEEN EACH NUMBER)
0: 1 1

SPECIFY THE H MATRICES FOR EACH PHASE, 1 PHASE AT 4 TIME

Figure 20, METAPHOR session for the example of Section 3.2,2,, Simple
Degradable System over Multiple Phases
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PHASE 1 2:

WHAT TYPE OF H MATRIX?
(i: IDENTITY

NUMBER OF CONSTANT BASIC VARIABLES?

O: 0
NUMBER OF ACCOMPLISHMENT LEVELS?
O: &

ACCOMPLISEMERNT LEVEL 0

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
O: 1

TRAJECTORY SET 1

ENTER THE I VECTOR { SPACE BETWEEN EACHE ENTRY)

0: 1 0 0] 0 .

PHASE 1:

ENTER THE G DIAGONAL ( SPACE BETWEEN EACH ENTRY)
i: i 0 0 0

ENTER THE F VECTOR ( SPACE BETWEEN EACH ENTRY)
0. 1 0O 0 O

ACCOMPLISHMENT LEVEL 1

NUMBER OF TRAJECTORY SETS FOR THTYS ACCOMPLISHMENT LEVEL?
O: 1

TRAJECTORY SET 1

ENTER THE I VECTOR ( SPACE BEPTWEEN EACH ENTRY)
0: 1 0 0 0

PHASE 1:

ENTER THE G DIAGONAL ( SPACE BETWEEN EACH ENTRY)
O: 1 o Qo 0

ENTER THE F VECTOR ( SPACE BETWEEN EACH ENTRY)
0d: 0 1 1 0

ACCOMPLISHMENT LEVEL 2

NUMBER OF TRAJECTORY SETS FOE THIS ACCOMPLISEMENT LEVEL?
0: 1

TRAJECTORY SET 1

ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)
O: 1 06 0 o

PHASE 1:

ENTER THE G DIAGONAL ( SPACE BETWEEN EACH ENTRY)
g: 1 0 0 0

ENTER THE F VECTOR ( SPACE BETWEEN EACH ENTRY)
g: o 0 0 1

ACCOMPLISHMENT LEVEL 3
NUMBER OF TRAJECTORY SETS FOR PHIS ACCOMPLISHMENT LEVEL?
O: 1

Figure 20. METAPHOR session for the example of Section 3.2.2., Simple
Degradable System over Multiple Phases-— continued)
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TRAJECTORY SET 1
ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)
d: 1 o0 0o o0

PHASE 1: o

ENTER THE G DIAGONAL ( SPACE BETWEEN EACH ENTRY) :
O: 0o 1 1 1

ENTER THE F VECTOR ( SPACE BETWEEN EACH ENTRY)

O: 1 1 1 1

PERFORMABILITY FOR THIS MISSION < 0.9960079893 0.001993012319 9,.970045786E 7
0.001998001333

Figure 20, METAPHOR session for the example of Section 3.2.2., Simple
Degradable System over Multiple Phases—-- continued)
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Figure 21.

Block diagram of the system in the example of Section 3.2.4.,
Degradable System Over Multiple Phases

3.2.4. Degradable System Over Multiple Phases
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ways:

1) The status of each subsystem can be tracked separately,
e.g.,r (Cps Cys Co, Cp) where for ie{a, B, C, D}

1 if subsystem i is operational
throughout the phase
C, =
i 0 otherwise

This representation requires 16 states.

2) The status of subsystem D and the number of subsystems
in the ™R configuration (ABC) are tracked, e.g., (C '
ABC

CD), where,

C = k, 0<k<3 where k 1is the number of

ABC subsystems in {A, B, C} which are
operational at the end of the phase

1 if subsystem D is operational
throughout the phase

CD =
0 otherwise

This representation requires only 8 states.

Al though the second method reduires somewhat more computation,
the analysis of trajectory sets is simpler since the number of
states has been reduced; moreover, inputting these trajectory
sets to METAPHOR is easier.
We shall employ the second method. Then from the above

descriptions of the accomplishment levels, we have

Y (0) = [{(3;1);(3,0),(2,1),(2,0),(1,1),(0,1)}
(1,1,1,1),(1,1,0,1)}]

yhy = 3, 1),(3,0,02,1), (2,00, (1,1), (0,1}
(1,1,1,1),(1,0,1,1)}]

vty = En,6,0,(2,1),(2,0,(1,1),0,1)}

(1,1,1,1),(1,0,0,1})}]
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¥y H3) = 10,0),(0,0)} *]
U {(3,1),(3,0),(2,1),(2,0),(1,1),(0,1)}
{(,1,1,0,¢(1,1,0,0),¢1,0,1,0),(1,0,0,0,),
(0,1,1,1),(0,1,1,0),(0,1,0,1},(0,0,1,1),
(0,0,1,0%,¢(0,0,0,1),(0,0,0,0)11]

Phase 2 states could be denoted by method 1) above. If
phase 1 states and phase 2 states are denoted by method 1), then
the interphase transition (H) matrix would be the identity.
However, 1f phase 1 states are represented by method 2), then
the interphase transition (H) matrix must be computed based on
the initial state distribution (I vector)}, subsystem failure
rates, (i), and phase 1 duration. Figure 22 shows the H matrix
for this example.

Now, for phase 1, the interphase transition (P) matrix must
keep track of only the number of operational subsystems—-—-hence
the NFAIL  command ({see Section 5.4.) with 2 groups {the first
having 3 subsystems and the second having 1 subsystem) c¢an be
used to generate the interphase transition (P} matrix. However,
for phase 2, the P matrix must keep tabs on which specific
subsystems are operating; hence the DEDFAIL command (see Section

5.1.) is appropriate. A METAPHOR session 1illustrating the

analysis of this example is presented in Figure 23.

Analytically,
pg 0) = e A%
= 0.994
g ) = R S TP i ¢ N
= 0.001986
Pg(2) = e M1 - gTAE)2 | 5o TSAE L TAE2

3.2.4. Degradable System Over Multiple Phases
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{30) 0 1
21 | o 0
(20} ] 0
an i o 0
(10) 0 0
{01} 0 0
{00) 0 0
Figure 22.
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(1111) (1110} {ilol) (110m)

H 10}

i(q(3l))
1(q{31)}
1a3yy!
i(q‘gll)
fla3qy)
Hqy4)

RALTEOY

]
o
1/3

o QO 9o

Interphase transition (H) matrix for the e
3.2.4., Pegradable System Over Multiple Phases

0

1]

i/

o o o o

19 30y)
g 213!
ia30y)
i(q(zl))
i 30y}

1(q(21))

0
0
1/3

3 0

o o © o

+ 1(q(21)) + i(q(zo))
+ itq”_l))
+ 1(q(21)) + i(q(zo)) + 1(9(11)} + [(9(10))

+ i(q(ll)) + i(Q(ol))

flo1l}) (1016) (1001) {1000) (0111} (0llo) (0101)

0 o 0 0 0 0
0 0 0 6 0 0
9 0 0 1/3 0 0
13 0 0 0 173 )
0 1/3 0 ] 0 1/3
0 0 1/3 0 a o
0 0 0 0 0 0
) 0 0 0 0 0
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MICHIGAN EVALUATION AID FOR PERPHORMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE

0: cou

#%* THIS SESSION DEMONSTRATES THE EVALUATION OF THE.
x%% DEGRADABLE SYSTEM OVER MULTIPLE PHASES EXAMPLE

**%x (OF SECTION 3.2.%4.
*dk

f1: EVAL

NUMBER (OF PHASES?
O: 2

NUMBER OF STATES PER PHASE? (SPACE BETWEEN EACH NUMBER)
g: 8 18

SPECIFY THEE P MATRICES FOR EACH PHASE, 1 PHASE AT A TIME

PHASE 1:

WHAT TYPE OF P MATRIX?

(1: XNFAIL

ENTER PHASF LENGTH

G: 10

ENTER COMPONENT FAILURE RATE

0: 0.0001

ENTER NUMBER OF GRQUPS

O: 2

ENTER NUMBER OF COMPONENTS PER GROUP (SPACE BETWEEN EACH NUMBER):
0: 3 1

PHASE 2:
WHAT TYPE OF P MATRIX?

0: DEDFAIL
ENTER PHASE LENGTH

g: 10
ENTER COMPONENT FAILURE RATE
il 0.0001 -

SPECIFY THE H MATRICES FOR EACH PHASE, 1 PHASE AT A TIME
PHASE 17 2:

WHAT TYPE OF H MATRIX?
fi: GIVEW '

Figure 23. METAPHOR session for the example of Section 3.2.4., Degradable
System Over Multiple Phases

3.2.4. Degradable System Over Multiple Phases
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ENTER THE MATRIX, 1 ROW AT A4 TIME

ROW 1:

O: 1 ¢ 0 ¢ 0o ¢ O O O O O O O 0 0 O

ROW 2

a- o 1 0 o 0 o o ©6 0 0 0 O 0 0 0 ©

EOW 3:

0: 0 0 0.3333383333 0 0.3333333333 0 0 0 0.,33333333383
0 ¢ 0 0 0 0 ©0©

EOW u:

O: 0 0 0 0.3333333333 0 0.3333333333 0 0 0O
0.3333333333 0 0 0 O O O

ROW 5:

0: 0 ¢ 0 0o 0 0 0.383333333333 0 0 0 0.33333333333
0 0.33333333333 0 O 0

EOW 6:

O: ¢ ¢ ¢ o 0 0 0 0.3333333333 0 0O ©0 0.3333333333 ©0©
0.3333333333 0 0O

ROW 7:

O: o ¢ ¢ o 0 0 0 O O©0 0 O O ©°o 0 1 0

ROW 8:

0: o ¢ 0 9 0 0O O O 0o O O O O 0 0 1

NUMBER OF CONSTANT BASIC VARTABLES?
O: 0

NUMBER OF ACCOMPLISHMENT LEVELS?
O: &

ACCOMPLISHMENT LEVEL O

NUMBEER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
O: 1

TRAJECTORY SET 1

ENTER THE I VECTOR (SPACE BETWEEN EACH ENTRY ):

d: 2 0 0o o 0 0 0O O

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTERY ):
a: i 0 1 0 O 0 0o 90

ENTEER THE F VECTOR (SPACE BETWEEN FEACH ENTRY):

f: 1 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0

ACCOMPLISEMENT LEVEL 1

gUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
: 1

TRAJECTORY SET 1

ENTER THE I VECTOR (SPACE BETWEEN EACH ENTERY):

o: 14 0 o 0o ©0 0o 0 o0

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):

o: 2 0 1 0 0 0 0 o0

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):

Figure 23. METAPHOR session for the example of Section 3.2.4., Degradsble
System Over Multiple Phases-— continued)
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g- ¢ ¢ 0 o 12 ¢ 0 0 0 0O ¢ 0 0 O 0 O

ACCOMPLISHMENT LEVEL 2

NUMBEER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
g: 1

TRAJECTORY SET 1

ENTEE THE I VEGCTOR (SPACE BETWEEN EACH ENTRY):

0: 1 ¢ o0 0 0 0 OO0 ©0©

PHASE 1:
ENTER THE DIAGONAL (SPACE BETWEEN EACH ENTRY):
G: 1 o0 0 o o0 0 0

G
1
ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):
g: « o o o ¢ o 1 0 0O 0 ¢ O O O©0 O O

ACCOMPLISHMENT LEVEL 3

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
O: &

TRAJECTORY SET 1

ENTER THE I VECTOR (SPACE BETWEEN FEACH ENTRY):

[0 1 0 0 0 0 ¢] 0 0

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):
g: ¢ 1 o 1 ¢ 1 0 1

ENTER THE F VECTOR {(SPACE BETWEEN EACH ENTRY):

0. 1 4 1 1 14 12 212 1 1 1 12 1 1 1 1 1
TRAJECTORY SET 2

ENTEE THE I VECTOR (SPACE BETWEEN EACH ENTEY):

. 1 60 0 0 0 0 0 4]

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):
o: ¢ o0 o o 1 0 1 0O

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):

g: 14 4 1+ 4+ 1 1 212 1 1 1 1 1 1 1 1 1
TRAJECTORY SET 3

ENTER THE I VECTOR (SPACE BETWEEN EACH ENTRY):

i1 1 0 o 0 0 0 0 0

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):
g: 12 o0 1 o9 o0 0 0 ©

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):

g: o 14 o 12 o 1 0o 14 0o 1 o 1 0o 1 © 1
TRAJECTORY SET 4

ENTER TEE I VECTOR (SPACE BETWEEN EACH ENTRY):
gd: 14 0 0 0 0 0 O O

PHASE 1:

ENTER THE DIAGONAL (SPACE BETWEEN EACH ENTRY):

G
g: 12 ¢ 1 0 0 0 0 0

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):

g: o o o o0 o 0 0o 0 1 0 1 ¢ 1 0 1 0

Figure 23. METAPHOR session for the example of Section 3.2.4., Degradable
System Over Multiple Phases—- continued)

3.2.4. Degradable System Over Multiple Phases
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PERFORMABILITY FOR THIS MISSION < 0.9940179641 0.001986049217 2.981060619E &
0.003893005669

Figure 23. METAPHOR session for the example of Section 3.2.4., Degradable
System Over Multiple Phases—- continued)

METAPHOR Version 1) User's Guide
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= 0,00000228

pgi3) = (-e AE) 4 2o7HAE(] | TAR) L TRAE( _ TA
+ 3eTAAE () LA 2 L 5=3hb g mAEy2
~4 - - -
f 207t B L M2 L pomhE g o omAE3

= 0,003993

3.2.3. The Degrading Processor Model of the Third Semi-
Annual Status Report

In the third Semi-Annual Status Report [4], an air
transport mission was modeled; three base models were
considered: a dedicated processor model, a dedicated group
processor model, and a degrading model. We consider here the
latter model, whose transition graph is shown in Figure 24. The
system modeled here consists of four subsystems having Ffailure
rates of 10~5/hour and the state of the system denotes the
number of operational subsystems. There are three phases of
lengths 2.5 hours,; 2.5 hours, and 0.5 hours respectively. In
addition, there is a time-invariant base variable (weather).
Five accomplishment levels are distinguished, each corresponding

to the trajectory sets below. (Sce [4] for their derivation.)

2710y = (114,3,2) £4,3) {4,311 [*1) «x
U (114,3,2} (4,3} 11 = [01)
U ([{413:2} 2 {41311}] = [0])
vy = (r{1,0} 14,3,2) {4,3,131  [0]) «x

»3,2} {1,0} {4,3,1}] x [01)
» 3,2} {4,3} 21 x [*])
13r2} {4:3} 01 x [O})
»3,2} 2 {2,0}] x [O])

[ L A

1
U
U
U
U

3.2.3. " The Degrading Processor Model of the Third Semi-Annual
Status Report
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Figure 24. The transition graph for the example of Section 3.2.3., The
Degrading Processor Model of the Third Semi-Annual Status Report

METAPHOR i{Version 1) User’s Guide



It

[*1) «x
t ([{1,0} {413:2} {210}] X [*])
u ([{4,3,2} {1,0} {2,0}] x [*])
u ([{4,3,2} {4,3} {1,0}1 x [1D)

75

(‘[{4:3r2} 2 {41311}] {l]) X

(I{lro} {4r3r2} {4;'311}] [*]) X
u (1{4,3,2} {1,0} {4,3,1}1 x [11)
u ([{4,3,2} 2 {2,0}1 = [11)

([{1,0} {1,0} *]

The intraphase transition (P) matrix between each phase 1is the

identity matrix (generated with the IDENTITY command), while the

interphase

command.

is shown in Figure 25,

3.2.3.

transition

The Degrading Processor

matrices can be generated with the NFAIL

A session determining the performability of the system

Model of the Third Semi-Ann

Status Report
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MICHIGAN EVALUATION AID FOR EERPHORMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE

O: COoM

*%%x THIS SESSION DEMONSTRATES THE EVALgATION OF THE

*%% DEGRADING SYSTEM OF THE THIRD SEMI ANNUAL

*%x% STATUS REPORT. THE EXAMPLE IS DISCUSSED IN SECTION 3.2.3.
*kk

O: EVAL

NUMBER OF PHASES?
fO: 3

NUMBER OF STATES PER PHASE? ' (SPACE BETWEEN EACH NUMBER)
0: 5 5 5

SPECIFY THE P MATRICES FOR EACH PHASE, 1 PHASE AT 4 TIME
PHASE 1:

WHAT TYPE OF P MATRIX?

O: NFAIL

ENTER PHASE LENGTH

d: 2.5

ENTER COMPONENT FAILURE RATE

OJ: 1E°S

ENTER NUMBER OF GROUPS

f1: 1

ENTER NUMBER OF COMPONENTS PER GROUP (SPACE BETWEEN EACH NUMBER):
0: &

PHASE 2:

WHAT TYPE OF P MATRIX?

O0: NFAIL

ENTER PHASE LENGTH

d: 2.5

ENTER COMPONENT FAILURE RATE

O0: 1E"s

ENTER NUMBER OF GROUPS

g: 1

ENTER NUMBER OF COMPONENTS PEER GROUP (SPACE BETWEEN EACH NUMBER):
g: &

PHASE 3:

WHAT TYPE OF P MATRIX?
Figure 25, A Sample METAPHOR Session to Evaluate the example of Section 3.,2.2.

METAPHOR ¥Version 1) User's Guide
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O: NFAIL

ENTER PHASE LENGTH

O: 0.5

ENTER COMPONENT FAILURE RATE
t: 0.0001

ENTER NUMBER OF GROUPS

O: 1

ENTER NUMBER QOF COMPONENTS PER GROUP (SPACE BETWEEN EACH NUMBER) :
: 4

SPECIFY THE H MATRICES FOR EACH PHASE, 1 PHASE AT A TIME

PHASE 1 2:

WHEAT TYPE OF H MATRIX?
U: IDENTITY

PHASE 2 3:

WHAT TYPE OF H MATRIZX?
id: IDENTITY

NUMBER OF CONSTANT BASIC VAKIABLES?
ig: 1

PROBABILITIES OF EACH CONSTANT VARIABLE? (SPACE BETWEEN EACH NUMBER )
d: 0.019

NUMBER OF ACCOMPLISHMENT LEVELS?

O: s

ACCOMPLISEMENT LEVEL 0

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
O: 3

THAJECTORY SET 1

ENTER THE I VECTOR (SPACE BETWEEN EACH ENTRY):
0: 1 0 0 0 0O

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):
a: 1 i 1 0 0O

POASE 2:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):
O: 1 1 o 0o 0

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):
f: 12 1 0 0 O

ENTER THE 1 ELEMENT CONSTANT BASIC VARIABLE VECTOR (SPACE BETWEEN EACH ENTRY)
O: 2

TRAJECTORY SET 2

ENTER THE I VECTOR (SPACE BETWEEN EACH ENTRY):

Figure 25. A Sample METAPHOR Session to Evaluate the example of Section
3.2.3.-- continued)

3.2.3., The Degrading Processor Model of the Third Semi-Annual Status Report
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g: 1 0 0 0 ©0©

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY) :
ff: 12 1 1 0 0

PHASE 2:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY) :
g: 1 1 0o 0 0

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):
g: o 0o o 1 0

ENTER THE 1 ELEMENT CONSTANT BASIC VARTABLE VECTOR (SPACE BETWEEN EACH ENTRY)
O: o

TRAJECTORY SET 3

ENTER THE I VECTOR {(SPACE BETWEEN EACH ENTRY) :

(: 1 c 0 0 0

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACEH ENTRY) :

O: 1 1 1 C 0

PHASE 2:
ENTER THE
g: o 0
ENTER THE
Oo: 1 1

DIAGONAL (SPACE BETWEEN FEACH ENTRY) :
0 0

VECTOR (SPACE BETWEEN EACH ENTRY) :
1 0

o Q

ENTER THE 1 ELEMERT CONSTANT BASIC VARIABLE VECTOR (SPACE BETWEEN EACH ENTRY)
d: o

ACCOMPLISHMENT LEVEL 1

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
1: 5

TRAJECTORY SET 1

ENTER THE I VECTOR (SPACE BETWEEN EACH ENTRY):

O: i 0 0 Q 0

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):

Oo: o 0 o 1 1

PHASE 2:

gNTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):
s 1 1 31 0 0

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):

O: 1 1 o 1 o0

ENTER THE 1 ELEMENT CONSTANT BASIC VARIABLE VECTOR (SPACE BETWEEN EACH ENTRY)
O: o

TRAJECTORY SET 2

ENTER THE I VECTOE (SPACE BETWEEN EACH ENTRY):

0: i 0 o0 0 ©

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):

a: 1 1 i o 9

PHASE 2:

Figure 25. A Sample METAPHOR Session to Evaluate the example of Section

3.2.3,-- continued)

METAPHOR Version 1) User's Guide
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ENTER THE G DIAGONAL (SPACE BETIWEEN EACH ENTRY):
g: o o 0 1 1

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):
g: 1 1 ¢ 1 0

ENTERE THE 1 ELEMENT CONSTANT BASIC VARTARLE VECTOR (SPACE BETWEEN EACH ENTRY):
O: o

TRAJECTORY SET 3

ENTER THE I VECTOR (SPACE BETWEEN EACH ENTRY):
[: 1 0 0 0 40

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):
g: 1 1 1 0 0

PHASE 2:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):
f: 1 1 0o 0 0

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):
0. 0 0 1 c 0

ENTER THE 1 ELEMENT CONSTANT BASIC VARITABLE VECTOR (SPACE BETWEEN EACE ENTRY):
0. 2

TRAJECTORY SET 4

ENTER THE I VECTOR (SPACE BETWEEN EACH ENTRY):

0. i ¢ 0 0 0

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):

g: 1 1 1 0 0

PHASE 2:

ENTER TEE G DIAGONAL (SPACE BETWEEN FEACH ENTRY):
g: 1 1 0 0 0

ENTER THE F VECTOR (SPACE BETWEEN FACH ENTRY):
fl: 0 ¢ 0 0 1

ENTER THE 1 ELEMERT CONSTANT BASIC VARTABLE VECTOR <{SPACE BETWEEN EACH ENTRY):
g: ©

TRAJECTORY SET 5

ENTER THE I VECTOR {(SPACE BETWEEN EACEH ENTRY):

0: 1 o ¢ o0 o0

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN RACH ENTRY):

g: 14 1 1 o0 0

PHASE 2:

SNTER PHE & DIAGONAL (SPACE BETWEEN EACH ENTEY):
: c o i 0 0

ENTER THE F VECTOR (SPACE BETWEEN FEACH ENTEY):

f: 0 0 1 0 1

ENTEE THE 1 ELEMENT CONSTANT BASIC VARIABLE VECTOR (SPACE BETWEEN EACE ENTRY):
O: o

ACCOMPLISHMENT LEVEL 2
Figure 25. A Sample METAPHOR Session to Evaluate the example of Section

3.2.3.-- continued)
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NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
I: 1

TRAJECTORY SET 1

ENTER TRE I VECTOR (SPACE BETWEEN FEACH ENTRY):

Jg: 1 0 0 o0 0

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):

g: 1 1 1 0o 0

PHASE 2:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):

O: o0 0 1 0 0

ENTER THE F VECTOR (SPACE BETWEEN FACH ENTRY):

g: 14 1 0 1 o0

ENTER THE 1 ELEMENT CONSTAKT BASIC VARIABLE VECTOR (SPACE BETWEEN EACH ENTRY)
O: 1

ACCOMPLISHMENT LEVEL 3
NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
0. 3

TRAJECTORY SET 1

ENTER THE I VECTOR (SPACE BETWEEN EACH ENTRY):

O: 1 ¢ 0 o0 o0

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):
0: g 0 0 1 1

PHASE 2:

ENTER THE (G DIAGONAL (SPACE BETWEEN EACH ENTRY):
g: 1 1 4 0 ©

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTEY):
C: 1 1 0 1 0

ENTER THE 1 ELEMENT CONSTANT BASIC VARIABLE VECTOR (SPACE BETWEEN FEACH ENTRY)
O: 1

TRAJECTORY SET 2

ENTER THE I VECTOR (SPACE EBETWEEN EACH ENTRY):

O: 1 0 ¢ 0 0

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTEY):
g: 1 1 1 & 0

PHASE 2:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):
Oo: o 0o o 1 1

ENTER THE F VECTOR (SPACE EETNWEEREN EACH ENTRY):
0: 1 1 c 1 0

ENTER THE 1 ELEMENT CONSTANT BASIC VARIABLE VECTOR (SPACE BETWEEN EACH ENTRY)
O: 1

TRAJECTORY SET 3

ENTER THE I VECTOR (SPACE BETWEEN EACH ENTRY):

d: 14 ¢ o 0 0

Figure 25. A Sample METAPHOR Session to Evaluate the example of Section

3.2.3.— continued)

METAPHOR Version 1) Usert's Guide
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PHASE 1:
ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):
g: 1 1 1 "0 o0

PHASE 2:
ENTER THE
O: o o
ENTER THE
g: o0 o0

DIAGONAL (SPACE BETWEEN EACH ENTRY):
¢ 0

VECTOR (SPACE BETWEEN EACH ENTRY):
o 1

e Wiy

ENTER THE 1 ELEMENT CONSTANT BASIC VARIABLE VECTOR (SPACE BETWEEN EACH ENTRY):
o: 1

ACCOMPLISHMENT LEVEL 4

NUMBER 0F TEAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
d: &

TRAJECTORY SET 1

ENTER THE I VECTOR (SPACE BETWEEN EACH ENTRY):

0: 1 0 0 0 ¢

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):

0: 0 60 o0 1 1

PHASE 2:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):
0: o o0 o0 1 1

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):
g: 1 1 1 1 1

ENTER THE 1 ELEMENT CONSTANT BASIC VARIABLE VECTOR (SPACE BETWEEN EACH ENTRY)
J: 2

TRAJECTORY SET 2

ENTER THE I VECTOR (SPACE BETWEEN EACE ENTRY):
d: 1 0 0 0 0

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):
dg: o ¢ 0 1 1

PHASE 2:

ENTER THE G DIAGONAL (SPACE BETWEEN EACE ENTRY):
g: 1 1 1 0 0

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):
d: 0 0 1 0 1

ENTER THE 1 FELEMENT CONSTANT BASIC VARIABLE VECTOR (SPACE BETWEEN EACH ENTRY)
O: 2

TRAJECTORY SEP 3

ENTER THE I VECTOR (SPACE BETWEEN EACH ENTRY):

g: 12 0 0 0 0 )

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTRY):

0: 1 1 1 0 0

PHASE 2:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTERY):

Figure 25. A Sample METAPHOR Session to Evaluate the example of Section

3.2.3.-- continued)

3.2.3. The DPedrading Processor Model of the Third Semi-Annual Status Report
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g: 9 o o 1 1

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):

0: 0 o 1 ¢ 1

ENTER THE 1 ELEMENT CONSTANT BASIC VARIABLE VECTOR (SPACE BETWEEN EACH ENTRY)
g: 2

TRAJECTORY SET b

ENTER THE I VECTOR (SPACE BETWEEN EACH ENTRY):

O: i g 0 ¢ 0

PHASE 1:

ENTER THE G DIAGONAL (SPACE BETWEEN EACH ENTEY):

. i 1 1 0 ¢

PHASE 2:

ENTER THE G DIAGONAL {(SPACE BETWEEN EACH ENTRY):

O: 1 1 0 ] 0

ENTER THE F VECTOR (SPACE BETWEEN EACH ENTRY):

a: 0 O 0 1 1

ENTER THE 1 ELEMENT CONSTANT BASIC VARIABLE VECTOERE <{(SPACE EBETWEEN RACH ENTRY)
O: 1

PERFORMABILITY FOR THIS MISSION <« 0.99938399%% 4L.527068935E 8 1.47116895EF 12
1.471175086F 8 2.023989308F 12

Figure 25, A Sample METAPHOR Session to Evaluate the example of Section
3.2.3.-- continued)
METAPHOR (Version 1} User's Guide
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4, Descriptions of METAPHOR Commands

In the following sections is presented a detailed
description of each operational METAPHOR command. A METAPHOER
session is also given for each command to dillustrate the
command's use. In addition, many of the other figures in this

report present other examples of each command's use.

4.1. ALTER
The ALTER command is used to change the wvalues of model
parameters. Only those parameters which have been input to
METAPHOR can be ALTERed; 1f the parameter is undefined, no
change will be allowed. METAPHOR responds to ALTER by printing
PUT AN X BELOW EACH ITEM TO BE CHANGED. HELP AVAILABLE.
P H CONST.BAS.VARS ALL.ACC .LEVELS PRESENT.ACC.LEVEL I G F V NUM.TRAJ .SETS

The abbreviations are as follows:

—F The intraphase state transition (P)
matrices
B The interphase state transition (#H)
matrices
CONST .BAS .VARS The number of constant basic variables and
their associated probabilities
ALL.ACC .LEVELS Using the present H and P matrices and the
present constant basic variable

information, determine the performability
of the system. NMET4PEOR will ask for the
appropriate information regarding the
accomplishment levels,

PRESENT ,ACC .LEVEL Alter only the accomplishment level
presently under consideration.

I Initial vector

G Characteristic matrices

4.1. ALTER
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F Characteristic vector (at present, this
ALTER operation is not executable.)

v Vector characterizing the constant basic
variables
NUM.TRAJ .SETS Alter the number of trajectory sets
describing the accomplishment level under
consideration

For each variable under which an X is typed, METAPHOE performs

up to two actions:
1) Checks to insure the parameter has been defined, i.e.,
that the user has at some time specified a wvalue for
that parameter, and

2) If the parameter has been defined, asks the user for a
new value.

If an item is undefined when an alteration 1is requested, an
error message will be printed and that alteration suppressed.
More than one item may be changed with a single alter command.
Example:

P H CONST.BAS.VARES ALL.ACC .LEVELS PRESENT.ACC.LEVEL I G F V NUM.TRAJ .SETS
X X — XX

This informs METAPHOE that the P and H matrices are to be
changed and that all accomplishment levels are to be changed
(i.e., the performability is to be calculated). To change the
number of phases or associated states, type EXIT and begin
METAPHOR again. ALTER is designed for correcting input errors,
and in Version 1, 1is wuseful only in tandem with the ZEVAL
command. An illustration of the use of the ALTER command is

given in Figure 26.
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MICHIGAN EVALUATION AID FOR PERPHOEMABILITY
VERSION 1

TYPE HBELP FOR ASSISTANCE

O: COM

*x%x THIS SESSION DEMONSTRATES THE ALTEERE COMMARD.
*x%x IT IS BASED ON THF SESSION IN FIGURE 13.

*x% FIRST, TRY ALTERING EVERYTHING T0O SEE WHAT HAPPENS.
*k % .

O: ALTER

PUT AN X BELOW EACH ITEM TO BE CHANGED. HELP AVAILABLE.

P H CONST.BAS.VARS ALL.ACC ,LEVELS PRESENT .ACC.LEVEL I G F V NUM.TRAJ .SETS
$00009000000000090000000000000905000800000008008000080000000000000000000014
P MATRICES ARE NOT DEFINED AT THIS TIME.

H MATRICES ARE NOT DEFINED AT THIS TIME.

CONSTANT BASIC VARIABLES ARE NOT DEFINED AT THIS TIME.

THE ACCOMPLISHMENT LEVELS ARE NOT DEFINED AT THIS TIME.

AN ACCOMPLISHMENT LEVEL IS NOT DEFINED AT THIS TIME.

I VECTOR IS NOT DEFINED AT THIS TIME.

G MATRICES ARE NOT DEFINED AT THIS TIME.

F VECTOR IS NOT DEFINED AT THIS TIME.

THE CONSTANT BASIC VARIABLE VECTOR IS NOT DEFINED AT THIS TIME.

THE NUMBER OF TRAJECTORY SETS IS NOT DEFINED AT THIS TIME.

a: cou

**% NOW CONSIDER ALTER IN CONJUNCTION WITH THE EVAL COMMAND
Rk

U: EVAL

NUMBER OF PHASES?
O: 2

NUMBER OF STATES PER PHASE? ( SPACE BETWEEN EACH NUMBER)
O: 4 &
SPECIFY THE P MATRICES FOR EACH PHASE, 1 FHASE AT A TIME
PHASE 1:
WHAT TYPE OF P MATRIX?
0: DEDFAIL
ENTER PHASE LENGTH
g: 10
ENTER COMPONENT FAILURE RATE
0: o0.0001
PHASE 2:
WHAT TYPE OF P MATRIX?
Figure 26, METAPHOR session illustrating the ALTER comrmand

4.1, ALTER

85
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(0: WNFAIL

ENTER PHASE LENGTH

ft: 40

ENTER COMPONENT FAILURE RATE
d: 0.0001

ENTER NUMBER OF GROUPS

0: 1

ENTER NUMBER OF COMPONENTS PER GROUP ( SPACE BETWEEN EACE NUMBER)
n: 3

SPECIFY THE H MATRICES FOR EACH PHASE, 1 PHASE AT A TIME

PHASE 17 2:

Figure 26. METAPHOR session illustrating the ALTER command -- continued)

METAPHOR fVersion 1) User's Guide
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4.2. BRIEF

BRIEF ON suppresses all output from METAPHOR, with the
single eXception of the £inal performability result and any
accompanying warning. Prompts for inputs are still printed.
BRIEF (OF is most useful when the user has established a command
file (see Section 2.9.) and wishes to reduce the amount of
printing done (and hence reduce the real time required to enter
the model and perform the computations). BRIEF OFF restores the
printing of all METAPHOR output. The default 1is BRIEF (OFF.

Figure 27 gives an example of the use of the BRIEF command.

4,3, CALC

When the C4ALC command is issued, METAPHOER will evaluate any
valid APL arithmetical expression input. Variables can be
defined and utilized--however the user is advised to begin each
variable name with the letter U (for "user") so as to prevent
possible confligg; with variables internal to METAPHOK.

When METAPHOR is expecting an expression to evaluate, it
begins the 1line with the prompt symbol ?. To leave CALC mode,
issue the command EXIT.

CALC is useful 1n two instances. First, the analyst may
occasionally wish to perform a series of calculations such as
adding or multiplying a sequence of numbers; seccnd, the user
may wish to assign often used or difficult to type values to
variables, and then use the variables later as responses to

queries from METAPHOR. (See Section 2,2.) The conversation in

Figure 28 illustrates the use of C4LC.

4,3. CALC
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MICHIGAN EVALUATION AID FOR PERPHORMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE

O: coM

*%x4% THIS SESSION ILLUSTRATES THE USE OF THE BREIEF COMMAND
*%x% IT IS BASED ON THE SESSION IN FIGURE 5

k%% DEALING WITH THE TMR SYSTEM OF SECTION 3.1.1.

*kk

**x% FIRST, WEALL TURN OFF THE QUTPUT FROM METAPHOR

* %k

(0: BRIEF ON

BRIEF BRIEF ON

O: EVAL

O: 1

0O: 4

i NFAIL
O: 10

l: .0001
f: 1

g: 3

0. 0

. =2

. i 000
O: 1100
O: 1

O: 1 000
0: c 011

PERFORMABILITY FOR THIS MISSION + 0.999997005 2.995004747E 6
O: ¢oM

**%x NOW LET'S TURN THE OUTPUT BACK ON

sk sk

O: BRIEF OFF

BRIEF BRIEF OFF

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
f: EVAL

NUMBER OF PHASES?
O: 1

NUMBER OF STATES PER PHASE? ( SPACE BETWEEN EACH NUMBER)
b: 4
SPECIFY THE P MATRICES FOR EACH PHASE, 1 PHASE AT A4 TIME
PHASE 1:
Figure 27. METAPHOR session illustrating the BRIEF command
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WHAT TYPE OF P MATRIX?

O: KNFAIL

ENTER PHASE LENGTE

O: 410

ENTER COMPONENT FAILURE RATE
NH 0.0001

KNUMBER OF STATES PER PHASE? ( SPACE BETWEEN EACH NUMBER)

Figure 27, METAPHOR session illustrating the BRIEF command

4,2,

BRIEF

O



MICHIGAN EVALUATION AID FOE PERPHORMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE

O: CoM

**% THIS SESSION DEMONSTRATES THE USE OF THE CALC COMMAND
*k*

*x% NOTE THAT COMMANDS OTHER THAN AEXITA WILL WNOT

*x% WORK IN CALC MODE

*k

k%% NOTE ALSO THE USER DEFINED VARITABLES

ke %

d: EVAL

NUMBER OF PHASES?
d: CALC
7

d: EVAL
EVAL

?

O: CALC
CALC

?

O: ALTER
ALTER

?

O: HELP

HELP
?

+%x1
.3678794412

UPI<e1l
-141592654

O~wlig~wo[]-

EXIT
FXIT
NUMBER OF PHASES?
0: EXIT
EVAL
EVAL
HELP
HELP
) ST

Figure 28. METAPHOR session illustrating the CALC command
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4.4, COM

Occasionally, the analyst may wish to 1insert into his
output some notes or comments concerning the status of the
evaluation or modéling process. Also, if the user is employing
a commard file (see Section 2.9.), he may wish to decument
portions of the file. Such documentation is conveniently done
by 1issuing the (¢o¥ command and typing the comments on the
following lines (after the prompt symbol #*%). METAPHOR does no
processing of the information given in response to (0M. Prompts
are given until a null line is entered (i.e., a carriage return
with no preceding characters on the 1line), at which time
METAPHOR leaves COM mode and returns to its state previous to
the (¢0M command. (3ee Section 2.7.) The (¢0OM command Iis
illustrated 1n Figure 29. Also, practically every other sessichn
used as an illustration in this report makes extensive use of

the COM command.—

4.5. DATA

The DAT4 command is used to inspect the values of model
parameters. Only those parameters which have been specified to
METAPHOER can be viewed; if the parameter is undefined, the
variable will not be displayed. METAPHOR responds to DATA by
printing
PUT AN X BELOW EACH ITEM TQ BE DISPLAYED. HELP AVAILABLE.
NUM.PHASES NUM.STATES P H NUM.CONST .BAS.VARS PROB.CONST .BAS.VAES
NUM.ACC .LEVELS NUM.TRAJ.SETS I G F V PERF

The abbreviations are as follows:

c ~"L 4.5, DATA
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MICHIGAN EVALUATION AID FOR PERPHORMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE

O: coM

**% THTS IS 4 METAPHOE COMMENT
*xx% ANY TEXT STRING CAN BE PRINTED ~NONE WILL BE EVALUATED.
*%% HELP

x%*% EXIT

*x%x METAPHOR

*%x% EVAL

*%*% ABCDEFGHIJKLMNOPGQ

*k%x ESTUVWXYZ

*%% glnle_VA1o'{j| TO*x?

*%% pl[~+uw>4c12345678

#xx 90+x <[ J{,./ =<sg

*%kx 2> () % +4()};::\

*RE

P

*%x% EXIT THE COM MODE BY ENTERING A NULL LINE,
*+x%x T.FE., HITTING CARRIAGE RETURN WITHOUT TYPING

*%% ANY CHARACTERS
&k ok

Figure 29, METAPHOR session illustrating the COM command

METAPHOR Version 1) User's Guide
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NUM.PHASES The number of phases

NUM.STATES The number of states
P The intraphase transition (P) matrices
B The interphase transition (H) matrices

NUM.CONST .BAS .VARS The number of constant basic variables

PROB.CONST .BAS.VARS The probabilities of each of the constant
basic variables

NUM,ACC .LEVELS The number of accomplishment levels
NUM . TRAJ .SETS The number of trajectory sets associated
with the accomplishment level under

consideration

I The initial vector for the trajectory set
under consideration

G The characteristic matrices for the
trajectory set under consideration

F The characteristic vector for the
trajectory set under consideration

v The wvector characterizing the constant
basic variables for the trajectory set
under consideration

PERF The performability
For each variable under which an X is typed, METAPHOR
performs up to two actions:

1} Checks to insure the parameter has been defined, 1.e.,
that the wuser has at some time specified a value for
that parameter, and

2) If the parameter has been defined, prints 1it.

If an item 1s undefined when a display is requested, an error
message will be printed and that display will be suppressed.

More than one item may be displayed with a single data command.

Example:

4.5, DATA
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NUM.PHASES NUM.STATES P H NUM.CONST.BAS.VARS PROB.CONST .BAS.VARS
NUM?ACC.LEVELS NUM?TRAJ.SETS I G FV PERF *
X X X

This informs METAPHOR that the number of phases, states, and
accomplishment levels as well as the ©probabilities of the
constant basic variables and the performability are to be
displayed. DAT4 1s useful in Version 1 only in tandem with the
EVAL command since the only parameters that can be displayed are

those used in the scope of the AVAL command. An illustration of

the use of DAT4 is presented in Figure 30.

4,6. ECHO

ECHO OFN causes all input to METAPHOR to be repeated on the
terminal. ECHO 0F is helpful when either
1) The user has established a command file (see Section
2.9.) and wished to have a record printed of the
session, or
2) The user is utilizing several user—-cdefined variables as
constants to be employed when inputting humerical
answers {(see Section 4.2.) and the user wishes to get
confirmation of the value of those constants.
ECHO OFF suppresses all printing of the input. The default is
ECHO OFF. 1In Figure 31 is presented an example of the use of

ECHQ .
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MICHIGAN EVALUATION AID FOR PERPHORMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE
3: coM -
*%% THITS SESSTON DEMONSTRATES THE DATA COMMAND

* %%

O: EVAL

NUMBER OF FPHASES?
O: 1

NUMBER OF STATES PER PHASE? { SPACE BETWEEN EACH NUMBER)
O: &

SPECIFY THE P MATRICES FOR EACH PHASE., 1 PHASE AT A TIME
PHASE 1:

WHAT TYPE OF P MATRIX?

(: HNFATL

ENTER PHASE LENGTH

O: 10

ENTER COMPONENT FAILURE RATE

O: ©0.0001

ENTER NUMBER OF GROUPS

g: 1

ENTER NUMBER OF COMPONERT®S PER GROUP ( SPACE BETWEEN FACH NUMBER)
H: 3 —

NUMBER OF CQNSTANT BASIC VARIABLES?
O: o

NUMEER OF ACCOMPLISHMENT LEVELS?
O: 2

ACCOMPLISHMENT LEVEL O

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
0: 1

TRAJECTORY SET 1

ENTER TEE I VECTOR ( SPACE BETWEEN EACH ENTERY)

g: 1 o 0 ©

ENTEE THE F VECTOR ( SPACE BETWEEN EACH ENTRY)

O: i 1 0 0

ACCOMPLISHAMENT LEVEL 1

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLTSHMENT LEVEL?
d: 1

TRAJECTORY SET 1

ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)

Figure 30. METAPHOR session illustrating the DATA command

4,5, DATA
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g: 1 0 0 ©

ENTER THE F VECTOE ( SPACE BETWEEN EACH ENTRY)

d: DATA

PUT AN ¥ BELOW EACH TTEM T0 BE DISPLAYED. HELP AVAILABLE.

NUM.PHASES NUM.STATES P H NUM.CONST.BAS.VARS PROB.CONST.BAS.VARS
VOO 0O 000000000000 00000000000000000600000000000C0000000000090000004
NUM.ACC .LEVELS NUM.TRAJ.SETS [ G F V PERF

XX X Y X X Y X X X X X XX X X XX X XXX XX XXX XXXXXXXXXXXXXXXXXX

NUMBER OF PHASES IS 1
NUMBER OF STATES PER PHASE IS 4
THE P MATRICES ARE:

9, 970044955E 1 2.992509492% 3 2.994006246E 6 9,9850124893% 10
0.000000000E0 9,980019987EF 1 1.9970023325 3 9,990005831E 7
0.000000000E0 0.000000000F0 9.990004998E 1 9.995001666%F 4
0.000000000%0 0.000000000E0 0.000000000E0 1.000000000&0

B MATRICES HAVE NOT BEEN DEFINED
THE NUMBER OF BASIC VARIABLES HAS NOT BEEN DEFINED
THE CONSTANT BASIC VARIABLES HAVE NOT BEEN DEFINED
THE NUMBER OF ACCOMPLISHMENT LEVELS IS5 2
THE NUMBER OF TRAJECTORY SETS IS:
1
THE INITIAL VECTOR IS 1 0 O O
G MATRICES NOT DEFINED
F VECTOE NOT DEFINED
THE CONSTANT BASIC VARIABLE VECTQR NOT DEFINED
THE PERFORMABILITY IS (0.899997005
ENTEERE THE F VECTOER ( SPACE BETWEEN EACH ENTEY
)
G: o 0 1 1

PERFORMABILITY FOR THIS MISSION < 0.999997005 2.995004747E 6

Figure 30. METAPHOR session illustrating the DATA command -- continued)
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MICHIGAN EVALUATION AID FOR PERPHORMABILITY
VERSION 1

PYPE HELP FOR ASSISTANCE

O0: cou

*%¥%x THIS SESSION DEMONSTRATES THE ECHO COMMAND.
*%x% IS5 IS BASED ON THE SESSION IN FIGURE 6,

*%% DISCUSSED IN SECTION 3.1.2.
*E%

*%% FIRST, LET US GO FOR A WHILE WITH THE ECHO TURNED OFF ( THE DEFAULT)
F*k*k
O: EVAL

NUMBER (QF PHASES?
g: 1

NUMBER OF STATES PER PHASE? ( SPACE BETWEEN EACH NUMBER)
g: &

SPECIFY THE P MATRICES FOR EACH PHASE, 1 PHASE AT 4 TIME
PHASE 1:

WHAT T'YPE OF P MATRIX?

f1: KNFAIL

ENTER PHASE LENGTH

a: 10

ENTER COMPONENT FAILURE RATE

a: 0.0001

ENTER NUMBER OF GROUPS

it: 1

ENTER NUMBER OF COMPONENTS PER GROUP ( SPACE BETWEEN EACH KNUMBER)
g: 3

NUMBER OF CONSTANT BASIC VARIABLES?
I: 0

NUMBER OF ACCOMPLISHMENT LEVELS?
g: 2

ACCOMPLISHMENT LEVEL 0O

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?
i: coM

*%% NOW LETS CALCULATE THE INITIAL STATE PROBABILITIES

kkk 1

O: CALC
?

d: UP<«.99
0.89
Figure 31. METAPHOR session illustrating the ECHO command

4.6. ECHO
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Ug+.01
.01

U3+UP=3
. 9702989

U2+3xUQxUP*2
.0239403

Ule3 . NXUP.NXUQ .N*2
. 000297

_ U0+UQ*3

NRkROvodO-vwold~vwolld~old~w

NUMBER OF TRAJECTORY SETS FOR THIS ACCOMPLISHMENT LEVEL?

O: coM

*x%* LETAS TURN THE ECHO ON...PHIS WILL ALLOW US TO INSPECT THE
x%% [JSER DEFINED VARITABLES AS WE USE THEM

—_—

O: ECHO OWF
O: ECHO ON
ECHQ ECHO ON
g: 1
o: 1

TRAJECTORY SET 1
ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)
O: UI+«U3,02,01,U00__

0: 0.%70299 0.029%403 0.0002387 1E 6

ENTER THE P VECTOR ( SPACE BETWEEN EACH ENTRY)
O: 12 1 0 ©

g: 12 1 0o 0

ACCOMPLISHMENT LEVEL 1
NUMBER OF TRAJECTORY SETS POR THIS ACCOMPLISHMENT LEVEL?
: 1

g: 1

TRAJECTORY SET 1

ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)
0: Ur

d: 0.870299 0.029403 0.000297 1E°6

ENTER THE F VECTOR ( SPACE BETWEEN EACH EWNTRY)
O: o o 1 1

O: o o0 1 1

PERFORMABILITY FOR THIS MISSION <« 0.9996403467 0.,0008596532833

Figure 31. METAPHOR session illustrating the ECHO command —- continued)
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4.7. EVAL

EVAL initiates a sequence of queries aimed at the
computation of trajectory set probabilities, i.e., step 5) of
the major steps outlined in the Introduction. The algorithm
employed is based on the theory described 1in the third Semi-
Annual Status Report ([4], Section 3.4).

The procedure is as follows. First, METAPHOR obtains from
the user the number of phases, the number of states per phase,
the 1intraphase (P) and interphase (H) matrices, the numbeé of
time-invariant basic variables, the probabilities of those time-
invariant basic variables, and the number of accomplishment
levels. Next METAPROR computes the probability of each
accomplishment level separately by obtaining the number of
trajectory sets in the accomplishment level and then determining
the ©probability of each trajectory set. This is done by
procuring the initial state (I) vector, the characteristic (G)
matrices, and the characteristic (F)} vector (see Section 2.4 of
{47 and [10]). Also, a characterization of the time-invariant
basi¢c wvariables is obtained. This latter characterization is
called the "constant basic variable wvector"” ("V vwvector™) in
METAPHOE and is similar to the I vector. That is, each time-
invarlant variable k is associated with an entry in the constant
basic variable (say V{kl), and whether the occurrence of that
basic wvariable is allowed for a given trajectory set is stored
in V[K]. Also, there is a column vector BASICVARIABLES defined

such that the probability of the event corresponding to basic

4.7. EVAL
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variable k is placed in BASICVARIABLES[k]. (See Section 2.4.)
From these-'characterizations, the trajectory set probability is
cakculated according to

Probability = I # P(l) * G(l) * H(l) * P(2) * G(2) * H(2) *

+.. * H{n) # F *# V * BASICVARIABILES

where n 1s the number of phases and * denotes matrix
multiplication.

As an example of the wuse of EV4L, consider any of the

sesgsions in Section 3.

4.8. EXIT

The command EXIT has two functions depending on the mode in
which the command is issued. When in calec mode, EXIT returns
METAPEOR to the previous mode in which ¥ETAPHOR was operating.
When in COMMAND or COMMAND/REPLY mode, METAPHOR gquits; all

variable informaticn is preserved, however program state

information is lost and so the program cannot be continued. The
host APL program returns to 4PL command mode. Figure 32

demonstrates the EXIT command.

4.9, HELP

Ocecasienally, when METAPHOR is in COMMAND or COMMAND/REPLY
mode, the user may wish to know either his possible next actions
or else further information ceoncerning the question METAPHOR has
asked. In such cases, the user can issue the HELP command and

METAPHOR will respond with a short paragraph describing

METAPHOR 1tVersion 1) User's Guide
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MICHIGAN EVALUATION AID FOR PERPHQRMABILITY
VERSION 1

Q: cou
*%x% THIS SESSION DEMONSTRATES THE EXIT COMMAND

*kk

*%%x FIRST, EXIT CAN BE EMPLOYED IN THE CALC MODE

d: CALC
?
0:
?
0: EXIT
O:. cox

*%%x SECOND, EXIT CAN BE USED TO LEAVE METAPHOR
1: EXIT
UCOMMENT<'NOW, WE ARE IN APL COMMAND MODE'
EVAL
EVAL

HELP
HELF

UCOMMENT+'NONE OF THE METAPHOR COMMANDS WILL WORK HERE'

Figure 32. METAPHOR session illustrating the EXIT command

4.8 EXIT
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1) The various METAPHOR commands if in COMMAND mode, or

2) The specific model parameter with which the preceding
question is concerned if in COMMAND/REPLY mode.

The HELP command has been included in METAPHOR to help it serve
as a performability tutor; see Section 2.8. The HELP command 1is

illustrated in Figure 33.

5. Description of Transition Matrix Types

When the wuser desires to enter a transition matrix, e.g.,
when specifying the H and P matrices, four types of entry
methods are available: DEDFAIL, GIVEN, IDENTITY, and NFAIL.
GIVEN 1s used when the user wishes to enter the matrix entirely,
DEDFAIL and IDENTITY generate matrices after obtaining some
parameter information from the user, while IDENTITY generates an
identity matrix automatically. The subsections that follow

describe each of these commands in detail.

£.1. DEDFATL

The DEDFAIL algorithm computes transition matrices for
special types of systems, assuming that the structure of the
system is described in terms of "subsystems" where the state of
each subsystem is either T"operational” or "failed."™ Also,
DEDFAIL assumes that all subsystems are alike and fail
independently with the same constant failure rate. Finally,
subsystems are assumed to fail permanently, 1i.e., once a
subsystem has failed, it remains failed for the duration of the
Phase. DEDFAIL keeps track of each subsystem in the system,

i.e., whether a given subsystem is operational or failed can be

METAPHOR {Version 1) User's Guide
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MICHIGAN EVALUALTON AID FOR PERPHORMABILITY
VERSION 1

TYPE HELP FOR ASSISTANCE
0: coM
*%%x THIS SESSION DEMONSTRATES THE HELP COMMAND.

*k %k

fi: HEEP

AND ANALYSIS OF PERFORMABILITY. AT PRESENT, METAPHOR IS CAPABLE

ONLY OF EVALUATING CERTAIN PERFORMABILITY MODELS.

THE COMMANDS PRESENTLY AVAILABLE ARE: EVAL ,HELP, DATA, ALTER, CALC,
COM, BRIEF [ON|OFF1, ECHO [ON|OFF], AND EXIT.

DO YOU WANT MORE HELP?

O:

YE

THE COMMANDS CAN BE ENTERED AT ANY TIME EXCEPT IN RESPONSE T0O A

YES/NO QUESTION. THE COMMANDS ARE AS FOLLOWS:

EVAL EVALUATE A USER SUPPLIED PERFORMABILITY MODEL
HELP GIVE MORE INFORMATION ABOUT THE QUESTION BEING
ASKED
DAT A DISPLAY VARIABLE INFORMATION AND MODEL PARAMETERS
ALTER CHANGE VARIABLE INFORMATION AND MODEL PARAMETERS
CALC ENTER THE APL CALCULATOR MODE. TYPE 'EXIT' TO0 LEAVE.
COoM ENTER COMMENTS ON THE OUTPUT
BRIEF LON|OFF] TPURN BRIEF QUTPUT ON OR OFF
ECHO [ON|OFF] PUEN INPUT ECHO ON OR OFF
EXIT LEAVE METAPHOR
D0 YOU WANT REFERENCES?
vis

FOR FURTHER INFORMATION ON PERFQRMABILITY MODELING AND ANALYSIS, SEE

J. F. MEYER, 'MODELS AND TECHNIQUES FOR EVALUATING THE
EFFECTIVENESS OF AIRCRAFT COMPUTING SYSTEMS,' NASA GRANT
NSG 1306, STATUS REPORYT N¥0. 3, NOVEMBER 1877.

FOR FUETHER INFURMATION REGARDING METAPHOE. SEE

— R el T —

J. F. MEYER, 'MODELS AND TECHNIQUES FOR EVALUATING THE
EFFECTIVENESS OF AIRCRAFT COMPUTING SYSTEMS,' NAS4 GRANT

Figure 33. METAPHOR session illustrating the HELP command -- continued)

4.9, HELP



¥SG 1306, STATUS REPORT NO. 4, JULY 1978.
FOR FURTHER INFORMATION REGARDING APL, SEE

S. PAKIN, '"4APL\360 REFERENCE MANUAL.,' SCIENCE RESEARCH
ASSOCITATES,INC., CHICAGO, 1972,

0: EVAL

NUMBER OF PHASES?
O0: HELP
ENTER THE NUMBER OF PHASES IN THE FINITE PHASE MODEL AS A SINGLE
POSITIVE INTEGER.
EXAMPLE :
3

DO YOU WANT REFERENCES?

0:

N

NUMBER OF PHASES?
g: 1

NUMBER OF STATES PER PHASE? { SPACE BETWEEN EACH NUMBER)
il: HELP
ENTER THE NUMBER OF STATES FOR EACH PHASE IN THE FINITE PHASE MODEL.

TYPE A POSITIVE INTEGER FOR EACH PHASE, SEPARATING EACH WITH SPACES AND/OR COMI

S.
THE NUMBER OF STATES MUST BE A POSITIVE INTEGER.
EXAMPLE:
y 3,5

PHASE HAS 3 STATES, AND THE THIRD PHASE HAS 5 STATES.
METAPHOR CHECKS TO MAKE SURE THAT THE NUMBER OF GROUPS OF STATES
MATCHES THE NUMBER OF PHASES INPUT EARLIER. AN ERROR MESSAGE WILL BE
PRINTED IF THEY DO NOT MATCH.

DO YOU WANT REFERENCES?

O:

N

NUMBER OF STATES PER PHASE? ( SPACE BETWEEN EACHE NUMBER)
O: 4

SPECIFY THE P MATRICES FOR EACH PHASE, 1 PHASE AP 4 TIME
PHASE 1:
WHAT TYPE OF P MATRIX?
0: HELP
TYPE ONE OF: GIVEN, DEDFAIL, NFAIL, IDENTITY
DO YOU WANT MORE HELP?Y
0:
Figure 33. METAPHOR sessicon illustrating the HELP command -- continued)
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¥
ENTER ONE OF THE FOLLOWING TYPES FOR THE STATE TRANSITION ( B ) MATRIX:

GIVEN YouU WILL INPUT A P MATRIX, ONE ROW AT A TIME.

DEDFAIL METAPHOR WILL GENERATE A P MATRIX ASSUMING THE MATRIX
EEPRESENTS A SYSTEM HAVING N COMPONENTS, EACH FAILING
INDEPENDENTLY AND EACH DISTINGUISHABLE. THE STATE
OF THE SYSTEM IS THE STATE QF EACH OF THE SUBSYSTEMS.

YOU WILL BE ASKED THE LENGTH OF THE PHASE AND THE FAILURE

RATE OF THE COMPONENTS.

NFAIL METAPHOR WILL GENERATE A P MATRIX ASSUMING THE MATRIX
REPRESENTS A SYSTEM HAVING M GROUPS OF K( M) COMPONENTS EACH.
THE COMPONENTS FAIL INDEPENDENTLY AND THE STATE OF THE
SYSTEM IS8 THE NUMBER OF ACTIVE ( NONFAILED) COMPONENTS
IN EACHE GROUF. YOU WILL BE ASKED THE NUMBER OF GROUPS,
THE NUMEER OF COMPONENTS IN FACH GROUP, THE LENGTH

OF THE PHASE, AND THE FAILURE RATE (OF THE SUBSYSTEMS.

IDENTITY METAPHOR WILL GENERATE A P MATRIX ASSUMING THE MATRIX
REPRESENTS A SYSTEM IN WHICH THERE IS NO FAILURE, I.E.,
NO CHANGES IN STATES ARE MADE. THUS, METAPHOR GENERATES

AN IDENTITY MATRIX. 7

DO YOU WANT REFERENCES?

-

N

WHAT TYPE OF P MATRIX?

0: GIVEN —

ENTER THE MATRIX, 1 ROW AT A TIME
ROW 1:

: EHEELP

ENTER AN MxK ARRAY, ONE ROW AT A TIME. EACH ENTRY MUST
BE BETWEEN 0 AND 1 INCLUSIVE AND THE ENTRIES OF EACH ROW MUST SUM
TO ONE. ENTER EACH ROW AS A SERIES OF ¥ NUMBERS WITH SPACES AND/OR
COMMAS BETWEEN EACH,
EXAMPLE:

.25 0.5,.1 0.15
HERE , THE MATRIX HAS FOUR ENTRIES PER EROW.

Do YOoU WANT REFERENCES?
0:
N
RO
0:
RO
i:
EOW
.

R RN

Figure 33, METAPHCR session illustrating the HELP command -- continued)
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EOW b
g: 1 o 0o ©

NUMBER OF CONSTARNT BASIC VARIABLES?
ii: ALTER
PUT AN X BELOW EACH ITEM TO BE CHANGED. HELP AVAILABLE.

P H CONST.BAS.VARS ALL.ACC.LEVELS PRESENT.ACC.LEVEL I G F V NUM.TRAJ.SE
PLACE AW X BELOW EACH ENTRY IN THE GIVEN LIST WEICH YOU WAKNT TO
CHANGE . THE ABEREVIATIONS ARE AS FOLLOWS:

P THE INTRAPHASE STATE TRANSITION (P ) MATRICES
H THE INTERPHASE STATE TRANSITION ( H ) MATRICES
CONST .BAS.VARS THE NUMBER OF CONSTANT BASIC VARIABLES AND

THEIR ASSOCIATED PROBABILITIES
ALL.ACC .LEVELS USING THE PRESENT H AND E MATRICES AND THE

PRESENT COKSTANT BASIC VARIABLE INFORMATIONW,
DETERMINE THE PERFORMABILITY OF THE SYSTEM.

REGARDING THE ACCOMPLISHMENT LEVELS.

PRESENT .ACC .LEVEL ALTER ONLY THE ACCOMPLISHMENT LEVEL
PRESENTLY UNDER CONSIDERATION,

I INITIAL VECTOR
G CHARACTERISTIC MATRICES
F CHARACTERISTIC VECTOR
( AT PRESENT, THIS ALTER OPERATION IS NOT EXECUTABLE.)
v VECTOR CHARACTERIZING THE CONSTANT BASIC VARIABLES

NUM.TRAJ .SETS ALTER THE NUMBER OF TRAJECTQRY SETS DESCRIBING
THE ACCOMPLISHMENT LEVEL UNDER CONSIDERATION

IF AN ITEM IS UNDEFINED WHEN AN ALTERATION IS REQUESTED, AN EEROR
MESSAGE WILL BE PRINTED AND THAT ALTERATION SUPPRESSED. MORE THAN

ONE ITEM MAY BE CHANGED WITH A SINGLE ALTER COMMAND.
EXAMPLE :

P E CONST.BAS.VARS ALL.ACC.LEVELS PRESENT.ACC.LEVEL I G F V NUM.TRAJ.SE
X £ b4

Figure 33. METAPHOR session illustrating the HELP command -- continued)
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PERFORMABILITY IS T0Q BE CALCULATED. IF YOU WISH TO CHANGE THE NUMBER OF PHASES

Do YOoU WANT REFERENCES?

0:

N

PUT AN X BELOW EACH ITEM TO BE CHANGED. HELP AVAILABLE,

P H C(CONST.BAS.VARS ALL.ACC.LEVELS PRESENT.ACC.LEVEL I G F V NUM.TRAJ.SET
b4

ALTERING P

SPECIFY THE P MATRICES FOR EACH PHASE, 1 PHASE AT A TIME
PHASE 1:

WHAT TYPE OF P MATRIX?
f0: DEDFAIL

ENTER PHASE LENGTH

[i: HELP

A SYSTEM HAVING N SUBSYSTEMS, EACH FAILING INDEPENDENTLY AND EACH
DISTINGUISHABLE. THE FAILURES ARE ALSO ASSUMED TO BE

POISSON, AND ONCE A SUBSYSTEM HAS FAILED, IT CANNOT

BECOME GOOD AGAIN.

THE STATE OF THE SYSTEM IS THE STATE OF EACH OF

THE SUBSYSTEMS. THE NUMBER OF STATES DECLARED FOR THE PHASE MUST BE
A POWER OF TWO. YOU WILL BE ASKED THE LENGTH OF THE PHASEL ENTER 4
SINGLE POSITIVE INTEGER. NEXT YOU WILL BE PROMPTED FOR THE FAILURE
EATE OF THE SUBSYSTEMS. AGAIN ENTER A SINGLE POSITIVE NUMBER. IF

THIS NUMBER IS NOT BETWEEN 1E 1 AND 1E 10, YOU WILL BE ASKED FOE CONFIRMATIONW.

DO YOU WANT REFERENCES?

0:

N

ENTER PHASE LENGTH

3: 10

ENTER SUBSYSTEM FAILURE RATE

J: 0.0001

NUMBER OF CONSTANT BASIC VARIARLES?
O: DATA

PUT AN X BELOW EACH ITEM TO BE DISPLAYED. HELP AVAILABLE.

NUM.PHASES NUM.STATES P H NUM.CONST.BAS.VARS PROB.CONST.BAS.VARS
ENTER AN X BELOW EACH ITEM IN THE GIVEN LIST WEICE YOU WANT T0
DISPLAY. THE ABBREVIATIONS ARE AS FOLLOWS:

NUM.PHASES THE NUMBER OF PHASES
NUM.STATFES THE NUMBER OF STATES
Figure 33. METAPHOR session illustrating the HELP command -- continued)
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P THE INTRAPHASE TRANSITION ( xu) MATRICES
NUM.CONST .BAS.VARS THE NUMBER‘OF CONSTANT BASIC VARIABLES
PROB.CONST .BAS .VARS THE PROBABILITIES OF EACH OF THE CONSTANT
BASIC VARIABLES
NUM.ACC .LEVELS THE NUMBER OF ACCOMPLISHMENT LEVELS
NUM.TRAJ .SETS THE NUMBEER OF TRAJECTORY SETS ASSOCIATED WITH

THE ACCOMPLISHMENT LEVEL UNDER CONSIDERATION

I THE INITIAL VECTOR FOR THE TRAJECTORY SET
UNDER CONSIDERATION

G THE CHARACTERISTIC MATRICES FOR THE TRAJECTORY
SET UNDER CONSIDERATION

F THE CHARACTERISTIC VECTOR FOR THE TRAJECTORY
SET UNDER CONSIDERATION

|4 THE VECTOR CHARACTERIZING THE CONSTANT
BASIC VARIABLES FOR THE TRAJECTORY SET
UNDER CONSIDERATION

PERF THE PERFORMABILITY
IF AN ITEM IS UNDEFINED WHEN A DISPLAY IS REQUESTED, AN ERREOR MESSAGE

WILL BE PRINTED AND THAT DISPLAY WILL BE SUPPRESSED. MORE THAN ONE ITEM
MAY BE DISPLAYED WITH A SINGLE DATA COMMAND.

EXAMPLE:
NUM.PHASES NUNM.STATES P H NUM.CONST.BAS.VARS PROB.CONST.BAS.VARS
X X X
NUM.ACC .LEVELS NUM.TRAJ.SETS I G F V PEERF
X )4 X

LEVELS AS WELL AS THEE PROBABILITIES QF THE CONSTANT BASIC VARIABLES
AND THE PERFORMABILITY ARE TQ BE DISPLAYED.

DO YoU WANT REFERENCES?

0:

N

PUT AN X BELOW EACH ITEM T0O BE DISPLAYED. HELP AVAILARBLE.

NUM.PHASES NUM.STATES P H NUM.CONST.BAS.VARS PROB.CONST.BAS.VARS
NUM.ACC .LEVELS NUM.TRAJ.SETS I G F V DPERF

NUMBER OF CONSTANT BASIC VARIABLES?
O: ALTER
PUT AN X BELOW EACH ITEM 70 BE CHANGED. HELP AVAILABLE.

Figure 33. METAPHOR session illustrating the HELP command -- continued)
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P H CONST.BAS.VARS ALL.ACC.LEVELS PRESENT.ACC.LEVEL I G F V NUM.TRAJ.SET,
ALTERING P

SPECIFY THE P MATRICES FOR EACH PHASE, 1 PHASE AT A TIME

PHASE 1:

WEAT TYPE OF P MATRIX?
O: NFATL

ENTERE PHASE LENGTH

{i: HELP

SYSTEM HAVING M GROUPS OF K( M) SUBSYSTEMS EACH, WHERE K IS 4
FUNCTION OF THE GROUP. THE SUBSYSTEMS FAIL INDEPENDENTLY

AND ARE ASSUMED TO HAVE A POISSON DISTRIBUTION. ALSC, ONCE

A SUBSYSTEM HAS FAILED, IT CANNOT BECOME GOOD AGAIN.

THE STATE OF THE SYSTEM IS THE NUMBER OF ACTIVE SUBSYSTEMS

IN EACH GROUFP. THE NUMBER OF STATES DECLARED

FOR THE PHASE MUST BE TEE PRODUCT OF ;THE NUMBER OF COMPONENTS

IN EACH GROUP PLYUS ONE:. FOR EXAMPLE, IF THE SYSTEM HAS 3 GROUPS
CONTATNING RESPECTIVELY 2, 5, AND 7 COMPONENTS, THEN THE PHASE HAS
( 2+1) x( 5+1) =x( 7+1) «iukLh STATES.

YOU WILL BE ASKED THE LENGTH OF THE PHASEL ENTER A SINGLE POSITIVE INTEGEER.
NEXT YOU WILL BE PROMPTED FOR THE FAILURE RATE OF THE COMPONENTS.

AGAIN ENTER A SINGLE POSITIVE NUMBER. 1IF THIS NUMBEkK IS NOT BETWEEN

iZ 1 AND 1E 10, YOU WILL BE ASKED FOR CONFIERMATION. YOU WILL THEWN

BE ASKED THE NUMBER OF GEOUPS[L ENTER THIS A4S A SINGLE POSITIVE INTEGER.
THIS SHOULD BE INPUT AS A ROW OF POSITIVE INTEGERS SEPARATED BRY

SPACES OF COMMAS.

DO Y0U WANT REFERENCES?

i1:

i

ENTER PHASE LENGTH

[l: 10

ENTER COMPONENT FAILURE RATE
fO: 0.0001

ENTEE NUMBER OF GERQUES

0: 1

ENTER NUMBER OF COMPONENTS PER GROUP ( SPACE BETWEEN EACH NUMBEK)
Oo: 3

NUMBER OF CONSTANT BASIC VARIABLES?
d: HEELP
ENTER THE NUMBER OF BASIC VARIABLES WHOSE PROBABILITIES REMAIN CONSTART

THREOUGHOUT THE MISSTON INTERVAL ( IT.E., THE NUMBER OF CONSTANT BASIC VARIABLES.
THE NUMBER SHOULD BE A SINGLE POSITIVE INTEGER.

EXAMPLE:
2

Figure 33. METAPHOR session 1llustrating the HELP command —— continued)
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MODEL.

DO YOU WANT REFERENCES?

o

N

NUMBEE OF CONSTANT BASIC VARTABLES?
fo: 1

PROBABILITIES OF FACH CONSTANT VARIABLE? { SPACE BETWEEN EACH NUMBER)
O: HELP

ENTER THE PROBABILITIES OF THE BASIC VARIABLES WHOSE PROBABILITIES REMAIN CONS.
N7

THRQUGHOUT THE MISSION INTERVAL ( I.E., THE NUMBER OF CONSTANT BASIC VARIABLES
THE PROBABILITIES SHOULD BE ENTERED AS 4 ROW OF POSITIVE NUMBERS
BETWEEN ZER0Q AND ONE, INCLUSIVE. THE NUMBERS SHOULD BE
SEPARATED BY SPACES AND/OR COMMAS. THE ORDER OF THE NUMBERS SHOULD
CORRESPOND T0O THE ORDER OF THE CONSTANT BASIC VARIABLE VECTORS
WHICH WILL BE ASKED FOR LATER.
EXAMPLE:

.2, 0.3 .4,0.1
BASIC VARIABLES ARE 0.2, 0.3, 0.4, AND 0.1 RESPECTIVELY. THE NUMBER
OF CONSTANT VARTABLES DECLARED EARLIER MUST HAVE BEEN FQUR OR AN
ERROR MESSAGE WILL RESULT.

DO YOU WANT REFERENCES?

O:

N -

PROBABILITIES OF EACH CONSTANT VARIABLE? ( SPACE BETWEEN EACH NUMBER)
0: 0.99

NUMBER OF ACCOMPLISHMENT LEVELS?
O: HELP

ENTER THE NUMBER OF ACCOMPLISHMENT LEVELS FOR THIS MODEL AS A SINGLE POSITIVE
TEGER.
EXAMPLE:
5

THIS INDICATES TO METAPHOR THAT THE MODEL IT IS EVALUATING HAS 5 ACCOMPLISHMENI

e e e e e e e

LEVELS.
DO YOU WANT REFERENCES?
0 nraiisL PAGE B
y DGR QUALITY
NUMBER OF ACCOMPLISHMENT LEVELS? ’
Oo: 2

ACCOMPLISHMENT LEVEL 0
Figure 33. METAPHOR session illustrating the HELP command -- continued)
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NUMBER OF TRAJECTORY ggTS FOR THIS ACCOMPLISHMENT LEVEL?

O: HELP

ENTER THE NUMBER OF TRAJECTORY SETS ASSOCIATED WITH THIS ACCOMPLISHMENT
LEVEL AS A SINGLE POSITIVE INTEGER.

EX AMPLE :

SETS DESCRIBING IT.

DO YOU WANT REFERENCES?

0:

N

NUMBER QF TRAJECTORY SETS FOR THIS ACCOMPLISEMENT LEVEL?
. 1

TRAJECTORY SET 1

ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)

{1: HELP

ENTEE THE INITIAL PROBABILITY DISTRIBUTION FOR THIS TRAJECTORY.

TYPE A PROBABILITY BETWEEN ZERO AND ONE INCLUSIVE CORRESPONDING TO EACH
STATEAS INITIAL PROBABILITY. SEPARATE EACH NUMBER WITH SPACES AND/OR COMMAS.

THE ORDER OF THE ENTRIES SHOULD CORRESPOND TO THE ORDER OF THE INITIAL STATES.
THE NUMBER OF ENTRIES SHOULD BE THE SAME AS THE NUMBER OF STATES
IN THE FIRST PHASE MODEL.
EXAMPLE:
.3 0.5,.2

PROBABILITY THE SYSTEM BEGINS IN TEE FIRST STATE OF PHASE 1 I5 0.2, FOR THE

SECOND STATE, THE PROBABILITY IS 0.5, AND FOR THE THIRD STATE, THE PROBABILITY
IS5 0.2.

DO YO0U WANT REFERENCES?

0.

N

ENTER THE I VECTOR ( SPACE EBEETWEEN EACH ENTRY)
0: 1 c 0 0

ENTER THE F VECTOR ( SPACE BETWEEN EACH ENTRY)
O: HELP

ENTER THE CHARACTERISTIC ( F) VECTOR FOR THE TRAJECTORY SET UNDER CONSIDBERATIO

EACH ENTRY SHOULD BE EITHER 0 OR 1 AND SHOULD BE SEPARATED FROM THE OTHER ENTIR
K

BY SPACES AND/OR COMMAS. THE NUMBER OF ENTRIES SHOULD BE THE SAME AS THE NUMBEER
OF STATKS OF THE FINAL PHASE MODEL. ALSQ THE ORDER OF THE ENTRIES SHOULD
CORRESPOND TO THE ORDER OF THE STATES AS CONSIDERED ELSEWHERE IN THE

EXAMPLE:
i6, 1,0

Figure 33. METAPHOR session illustrating the HELP command -- continued)
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THIS INFORMS METAPHOR THAT THE CHARACTERISTIC VECTOR FOER THIS TRAJECTORY

SgT 1
1

0
1
0

DO YOU WANT REFERENCES?
0: QuﬂlﬂW’

il
ENTEER THE F VECTOR { SPACE BETWEEN EACH ENTRY)
0g: 1 1 0 0

ENTER THE 1 ELEMENT CONSTANT BASIC VARIABLE VECTOR ( SPACE BETWEEN EACH ENTRY)

0: HELP

ENTER A VECTOR OF 0'S, 1'§, AND 2'S 70 INDICATE WHETHER THE
CONSTANT BASIC VARIABLE S OCCURRENCES OR NON- QCCURRENCES SHOULD BE
CONSIDERED IN THE TRAJECTORY SET. THE CODING IS AS FOLLOWS:

0 THE CORRESPONDING BASIC VARIABLE:'S QCCURRENCE SHQULD
BE CONSIDERED

b

1 THE CORRESPONDING BASIC VARIABLE'S NON- OCCURRENCE
SHOULD BE CONSIDERED .

ERE ™

"TOR QUA

2 EITHER THE OCCURRENCE OR NON- OCCURRENCE OF THE
CORRESPONDING BASIC VARIABLE SHQULD BE CONSIDERED
( I.E., THE BASIC VARIABLE IS A 'DON'T CARE')

-

ENTER A ROW OF 0'S, 1'S, AND 2'S, SEPARATING EACH ENTRY BY SPACES
AND/OR COMMAS. THE NUMBER OF ENTRIES SHOULD BE THE SAME AS THE
NUMBER OF CONSTANT BASIC VARIABLES DECLARED EARLIER. ALSO THE ORDER
OF THE ENTRIES SHOULD CORRESPOND TO THE ORDER OF THE BASIC VARIABLES

EXAMPLE:
06,1 1, 2

OF THE FIRST CONSTANT BASIC VARIABLE IS IMPORTANT TO THE TRAJECTORY
SET, THE NON- OCCUERENCE OF THE SECOND AND THIRD CONSTANT BASIC VARIABLES

IS IMPORTARNT, AND THAT THE FOURTH CONSTANT BASIC VARTABLE IS IRRELEVANT.

DO YOoU WANT REFERENCES?
0.
N

ENTER THE 1 ELEMENT CONSTANT BASIC VARIABLE VECTOR ( SPACE BETWEEN EACH ENTRY)
O: 1

ACCOMPLISHMENT LEVEL 1

NUMBEE OF TRAJECTORY SETS FOR THIS ACCOMPLISHEMENT LEVEL?

. =2

TRAJECTORY SET 1

Figure 33. METAPHOR session illustrating the HELP command -- continued)

METAPHOR {(Version 1) User's Guide



ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTRY)
d: 1 0 ©0 O
ENTER THE F VECTOR ( SPACE BETWEEN EACH ENTEY)
g: 1 1 0 0

113

ENTER THE 1 ELEMENT CONSTANT BASIC VARIABLE VECTOR ( SPACE BETWEEN EACH ENTRY)

d: 0

TPEAJECTORY SET 2

ENTER THE I VECTOR ( SPACE BETWEEN EACH ENTERY)
O: 1 0 0 0

ENTER THE F VECTOE ( SPACE BETWEEN EACH ENTRY)
O: 0 0 1 1

O: 0 0 1 1

PERFORMABILITY FOR THIS MISSION + 0.999997005

2.995004747E 6

Figure 33. METAPHOR session illustrating the HELP command ~- continued)
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deduced from the state of the system. In METAPHOR, the most
important use of DEDFAIL is in modeling a system wherein each
subsystem f(e.g., processor) is dedicated to a different task
(hence the name DEDFAIL). In such situations, the processing
capability generally depends on the state of each subsystem and
hence the system state must convey the state of each subsystem.
When using the DEDFAIL command, the number of states declared
for the phase must be a power of two. If the system has N
subsystems, then the resulting transition matrix is NxN where
the (1,j)th entry denotes the probability that the system is in
state j at the end of the phase given it was in state i at the

th row or column of the matrix

beginning of the phase. The 1
represents the state determined as follows: Assign each
subsystem a unique integer between 1 and N. Take the binary
representation of (ZN)—l—i. Then the ith digit of the binary
representation_(read from left to right) represents the state of
the corresponding subsystem in the system, 0 if failed, 1 if not
failed. in other words, take the number of states n in the
phase and write all the integers from 0 to n in binary form,

inserting leading ZEeros if necessary to make all the

representations logz(n) long. Then given the representation of

a state alog(n) alog(n)—l cos a, ajs the digit a, 1is 0 if
subsystem i is operational, 1 otherwise. For the transition
matrix, states are ordered by their numerical wvalue in

descending order. Hence the top row and first column correspond

to the state where all subsystems are operational, while the

METAPHOR Version 1) User's Cuide
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bottom row and last column correspond to the state where all
subsystems are failed. For instance, if the system has 16
states, then the rows and columns of the matrix would represent
states in the order '

1111
1110
1101
1100
1011
1010
1001
1000
0111
0110
0icl
0100
0011
0010
0001
ooco .

As an example, consider a system with two subsystems having
the transition in Figure 34. With a failure rate of 0.00l and a

phase length of 10, the following transition matrix results:

(1,1) {1,0) (0,1) {0,0)
(1,1) 9.98E-1 9.99E-~4 9,9%E-4 ¢, 99E~7
11,0) 0.00ED 9.99E-~-1 0.00E0 1.00E-3
11,0) O.00ED 0.00EQ 8,99E-1 1.00E-3
i0, 0) 0.00EQ 0.00EQ 0.00EO 1.00EQ
Here (1,1} means that both subsystems are not failed, (1,0) that
the first subsystem is not failed but the second cone is, (0,1)
that the first subsystem is failed but the second is not, and
(0,0) that both subsystems are failed.
DEDFAIL 1s equivalent tc NFAIL when NFAIL has N groups of 1

subsystem each.

5.1. DEDFAIL
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Y.

4

-

Figure 34, Transition graph for the system of Section 5.1.
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5.2. GIVEN

The GIVEN transition matrix type allows the analyst to
supply his own transition matrix. After the user specifies
GIVEN, METAPHOR prompts the user to enter the matrix ocne row at
a time. Fach row is checked to insure that 1t sums to one——1if
not, the row must be reentered. GIVEN can be specified for
erther H or P matrices. Array type GIVEN is designed for
transition matrices which either can not be generated by other
METAPHOR array generating functions or are too expensive -to

repetitively generate,

5.2, IDENTITY

When IDENTITY is specified as a transition matrix type,
METAPHOR automatically generates an identity matrix, i.e., a
matrix with all 1's on the main diagonal. IDENTITY is 1intended
for transitions involving no change in state; that is, the
states of the system at the initiation and the termination of
the transition pericd aye same. Both P or H matrices can be

gspecified with IDENTITY.

5.4, NFAIL

The NFAIL algorithm computes transition matrices for
special types of systems, assuming that the structure of the
system is described in terms of "subsystemg" where the state of
each subsystem is either "operational" or "failed." Also, NFAIL
assumes that all subsystems are alike and fail independently

with the same constant failure rate. Finally, subsystems are

5.4, NFAIL
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assumed to fail permanently, i.e., once a subsystem has failed,
1t remains failed for the duration of the phase.

NFATIL assumes that the subsystems of thé System are lumped
into groups. NFATL then keeps track only of the number of
subsystems which are operational within each of these groups.
(Compare with the DEDFAIL command in Section 5.1,) Por instance,
if two tasks and four processors are configured such that two
processors are executing each task,. then failure of either
processor assigned to a given task will have the same effect on
system performance. Accordingly, processors sharing the same
task can be lumped, resulting in 2 groups with 2 processors per
group. The state of the system represents the number of active
(non—-failed) subsystems 1in each group. The number of states
declared for the phase is determined as follows: to the number
of subsystems iIin each group add 1 and take the product of the
resulting terms. For example, consider a system having 3 groups
containing respectively 5, 2, and 7 subsystems. the phase then
has (5+1)*{2+1)*(7+1)=144 states. 1In general, if the number of
states for the phase is N, then the resulting matrix will be NxN
in shape, such that the (i,j)th entry will be the probability
that the system is in state j at the end of the phase given it
was in state I at the beginning of the phase.

Consider a system having M groups and suppose the number of
subsystems in the mth group is denoted by the function Kim).
Then the ith row ot column of the resulting transition matrix

represents the state determined as follows: First, take the

METAPHOR 1Wersion 1) User's Guide
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mixed radix number system such that the jth place (counted from

the right) of a number has weight (multiplier):

1, if 4=1
(K{L)+1) (K(2)+)) ... (K(j=1)+1), if 3>1 .

The values ("digits®) that the jth place can take on are 0, 1,
seay Kij). For instance, with the 5,2,7 system above, we would
employ a number system having 3 places. The first place has
weight 1 and can range form 0 to 7, the second place has weight
7+1=8 and can vary from 0 to 2, and the third place has weight
(7+1)*(2+1)=24 and <¢an range from 0 to 2. The base ten number
55 would then be written '207' since 55 = 2%24 + 0%8 + 7¥%],
while the base ten number 17 would be expressed '021' because 17
= 0%24 + 2%8 + 1*1. A number represented in the above system
has the following interpretation: the value of each digit of =&
number denotes the state of the corresponding group, i.e., the
number of operational subsystems in the group. Hence '207!
means Jroups _i:_ 2, and 3 have 2, 0, and 7 active subsystems
respectively. and '021' means groups 1, 2, and 3 have 1, 2, and
0 active subsystems respectively. An easy way to determine the
states and their corresponding position in the transition matrix
is as follows:
1) Take the number of subsystems n. in each group i
in the order presented fin respdonse to the question

"ENTEE NUMBER OF COMPONENTS PER GROUP"™) and write the
digits from 0 to n,.

2) Then write all the numbers composed of these digits in
the order presented.

These numbers, in descending order, represent the states

corresponding to the rows and columns of the transition matrix.

5.4. NFAIL
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For instance, with the 5,2,7 system, the rows and columns of the

matrix would represent the 144 states in the order:

527
526
525
524
523
522
521
520
517

501
500
427
426
425

011
010
007
006
005
004
003
002
001
000 .

For example, consider a system with 2 groups, the first
having 1 subsystem and the second 2 subsystems, having the
transition diagram in Figure 35. with a transition rate of
0.001 and a period of 16, the following transition matrix

results:

METAPHQOR #Version 1) User's Guide
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Figure 35. Transition graph for the system of Section 5.4.
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12,1) (2,0) {1,1) {1,0) (0,1) {0, 0)
(2,1 9.704E-1 9.753E-3 1.951E-2 1.9%60E-4 9,802E-5 9.851g-7
(2,0) 0.000EC 9.802E-1 O0.0COEC 1.970E-2 0.0CO0EC 9.201E~5
{(L,1) O0.00QEQ 0.000EQ 9,802E-1 9,851E-3 ©8.851E-~-3 §.801E~5
(1,0) O0.000EQ 0.000EO 0.000EO 9.8%00E-1 0.000E0 9.950E~3
(0,1) O0.000EOQ 0.000EO 0.000EC 0.000ED 9,%00E~1 9.950E-3
{0,0) 0.000E0 0.000ED 0.000EQ 0.000EQ 0.000EC 1,000EQ
where (2,1) means that group 1 has one operational subsystems
group 2 has two operational subsystems, (2,0) means that group 1
no active subsystems and group 2 two active subsystems, and

forth. NFAIL is equivalent to DEDFAIL when N groups of

subsystem each are specified.

METAPHQOR Version 1} User's Guide



6. References

(1]

{21

(3]

(4]

(51

(6]

[7]

8]

[81]

[101]

D. G. Furchtgott (under the direction of J. F. Meyer),

"METAPHOR
128,
Ann Arbor, MI, January 1879.

J. F. Meyer, "Models and techniques
effectiveness of aircraft computing
Status Repert Number 1, November,

J. F. Mevyer, "Models and technigues
effectiveness of alrcraft computing
Status Repert Number 2, July, 1977.

J. F. Meyer, "Models and technigques
effectiveness of aircraft computing
Status Report Number 3, NASA Report
1978,

J. F. Mevyer, "Models and techniques
effectiveness of aircraft computing
Status Report Number 4, NASA Report

J. F. Mevyer, "A model hierarchy for

tWersion 1) Programmer's Guide,"
Systems Engineering Lab, The University of Michigan,

SEL Report No.

for evaluating the
systems," Semi-Annual

1976.

for evaluating the
systems,"™ Semi-Annual

for evaluating the
systems," Semi-Annual
CR1589%2, January

for evaluating the
systems," Semi-Annual
CR152993, July 1978.

evaluating the effec-

tiveness of computing systems," Texte des Conferences

ILlI-e Congres National de Fiabilite, Tome II,

Perros-

Guirec, France, pp. 5392-555, September 1876.

R. &, Ballance—-and J. F. Mevyer,

"Punctional dependence

and its application to system evaluation," Proc. of the

1978 Johns Hopkins Conf. on Informatieon Sciences and

Systems, Baltimore, MD, pp. 280-285,

J. F. Meyer,
able computing systems," Proc., 1978

March 1978.

"On evaluating the performability of degrad-

Int'l Symp. on Fault-

Tolerant Computing, Toulouse, France, pp.

1978,

D. G. Furchtgott and J. F., Meyer,

44-42, June,

"Performability evalua-
tion of fault-tolerant multiprocessors,”

1878 Government

Microcircuit Applications Conference Digest of Papers,

Monterey, California, pp. 362-365, November, 1978.

L. T. Wu and J. F. Meyer, "Phased models for evaluating
the performability of computing systems,” Proc. of the
1279 Johns Hopkins Conf. on Information Sciences and

Systems, Baltimore, MD, pp.426-431, March 1970.

6. References

123



124

[11]

[12]

{12]

[14]

[15]

[16]

J. F. Meyer, D. G. Furchtgott, and L. T. Wu, "Performa-
bility evaluation of the SIFT computer", Proc. 1579 Int'l

Symp. on Fault-Tolerant Computing, Madison, Wisconson,
pPp. 43-50, June, 1979,

J. F. Meyer, "Performability Modeling with Continuous
Accomplishment Sets,"™ SEL Report No. 137, Systems
Engineering Lab, The University of Michigan, Ann Arbor,
MI, July 1879, January 1979.

K. E. Iverson, A Programming Language. ©New York: Wiley,
1962,

S. Pakin, APL/360 Reference Manual. Chicago, IL:
Science Research Associates, 1972.

P. L. Tison, "An Algebra for Logic Systems—--Switching
Circuits Application,” IEEE Trans. Comput., vol. C-20,
pp. 339-351, November, 1971.

J. D. Esary and H. Ziehms, "Reliability of Phased
Missions," Reliablity and Fault Tree Analysis, SIAM,
Philadelphia, PA, pp. 213-236, 1975,

METAPHOR {(Version 1) User's Guide



7. Index

Accomplishment level, 2
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of the example from the
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the probabilities of, and
EVAL, METAPHOR command,
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Advanced series—parallel
example, METAPHOR
evaluation session, 51

Advanced series—parallel system,
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analytic solution for, 53

as an example of METAPHOR
use, 48

figure of, 49

use of GIVEN, METAPHOR array
generator command, 49

use of IDENTITY, METAPHOR
array generator command,
50

use of NFAIL command,
METAPHOR array generator
command, 50

Advanced series-parallel system
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levels of, 51

system states of, 51
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ALL.ACC.LEVELS, 83
ALTER, METAPHOR command, 14,83
METAPHOR commahd, and
accomplishment levels, 83
METAPHCR command, and all
accomplishment levels, 83
METAPHOR command, and the
characteristic (F) wvector
, 84
METAPHOR command, and the
characteristic (G)
matrices, 83
METAPHOR command, and the H
(interphase transition)
matrices, 83
METAPHOR command, and the
initial state (I) vector,
83
METAPHOR command, and the
number of trajectory sets
, 84
METAPHOR command, and the P
tintraphase transition)
matrices, 83
METAPHOR command, and the
time-invariant basic
variables, 83
METAPHOR command, and the
time—invariant basic
variable vector (V), 84
METAPHOR command, sample
session, 84
METAPHOR command and the
present accomplishment
level, 83
Analytic solution, for the
advanced series-parallel
system, 53
for the multi-phase
reliability example, 48
for the simple degradable
system, 58
for the triple modular
redundant system example,
30
for the triple modular
redundant (TMR) system,
with nondeterministic
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redundant (TMR) system
with time—-invariant basic
variable, 326
for the multi-phase
degradable system example
. 12
of simple series—parallel
system, 42
APL, 2,4-5,100
arithmetic expressions, and
CALC, METAPHOR command,
89
catenation, 6
command mode, 100
expressions, 14
guad symbol, 6
Scalars, 4
vectors, 4-5
Array generation, 12,15
Automobile, as an example of
reconfiguration, 43
Automobiles, as an example of
degradable systems, 54

Ballance, R. A., 1
Base model, 1-2
Base models, and the example
from the Third Semi-
annual Status Report, 73
Base model trajectory sets, 2
Base variable, time-invariant,
in the example from the
Third Semi-annual Status
Report, 74
BASICVARIABLES, 99
time—-invariant, 3-4,11
time-invariant, and EVAL,
METAPHOR command, 99
time-invariant, and the
ALTER command, 83
time~invariant, and triple
modular redundancy (TMR),
34
time-invariant,
characterizing vector, 10
time-invariant, example of,
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time~invariant, number of,
and DATA, METAPHCR
command, 93
time-invariant,
probabilities of, 10
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93
time—invariant, the number
of, and EVAL, METAPHOR
command, 99
time—invariant, the
probabilities of, and
EVAL, METAPHOR command,
go
Bernoulli random variables, 4
BRIEF, METAPHOR command,
14,23,87
METAPHOR command, in
conjunction with command
files, 22
METAPHOR command, sample
session, 87

CALC, METAPHOR command, 14,89
METAPHOR command, and EXIT,
METAPHOR command, 8%,100
METAPHOR command, prompt
symbol for, 89
METAPHOR command, sample
session, 89
METAPHOR command, uses of,
89
CALC mode, 12,100
Capability function, 2
Catenation, APL function, 6
Characteristic (F) vector, and
ALTER, METAPHOR command,
84
and DATA, METAPHOR command,
93
and EVAL, METAPHOR command,
99
Characteristic (F) vectors, 9
inputting, 9
inputting, example of, 9
Characteristic (G) matrices, and
ALTER, METAPHOR command,
a3
and DATA, METAPHOR command,
93
and EVAL, METAPHOR command,
99
Characteristic {G) matrix, 8
inputting, 8
inputting, example of, 8



Checks, consistency, 22
COM, METAPHCOR command, 14,91
METAPHOR command, and
comments and
documentation, 91
METAPHOR command, exiting
from COM mode, 91
METAPHOR command, prompt
symbol for, 91
METAPHOR command, sample
session, 91
Command f£iles, 23
and BRIEF, METAPHOR command,
87
and ECHO, METAPHOR command,
386
in conjunction with the
METAPHOR command BRIEF,
23
in conjunction with the
METAPHOR command ECHQ, 23
COMMAND mode, 14,100-101
COMMAND modes, 12
COMMAND /REPLY mode, 12,14,100-
101
Commands, 14
stacking of, 15
Comments, use of COM, METAPHOR
command, 91
COM mode, 12,14
Consistency checks, 22—
Constant basic wvariable vectors,
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Constant basic wvariable (V)
vector, and EVAL,
METAPHOR command, 99
CONST.BAS.VARS, 83
Corporation's management, as an
example of
reconfiguration, 43

DATA, METAPHOR command, 14,92

METAPHCR command, and number
of accomplishment levels,
a3

METAPHOR command, and
performability, 93

METAPHOR command, and the
characteristic (F) wvector
s 93

METAPHOR command, and the
characteristic (G)

matrices, 93
METAPHCR command, and the H
(interphase transition)
macrices, 93
METAPHOR command, and the
initial state (I) vector,
93
METAPHOR command, and the
number of phases, 93
METAPHOR command, and the
humber of states, 23
METAPHOR command, and the
number of time-invariant
basic variables, 93
METAPHOR command, and the
number of trajectory sets
;r 93
METAPHOR command, and the P
fintraphase transition)
matrices, 93
METAPHOR command, and the
time—~invariant basic
variable vector (V), 93
METAPHOR command, sample
session, 94
DEDFAIL, METAPHOR array
generator command,
15,45,68,113
METAPHOR array generator
command, assumptions, 113
METAPHOR array generator
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checks, 22
METAPHOR array generator
command, example of, 115
METAPHOR array generator
command, use with the
multi-phase degradable
system example, 68
METAPHOR array generator
command, use with the
multi-phased raliability
example, 45
Degradable systems, 54
examples of, 54
Degree of freedom variables, 7

ECHC, METAPHOR command, 14,23,926
METAPHOR command, and
command files, 96
METAPHOR command, and user-
defined variables, 96
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METAPHOR command, in
conjunction with command
files, 23

METAPHOR command, sample
session, 96

METAPHOR command, uses of,
96

Esary, J. D., 49
EVAL, METAPHOR command, 14,989

METAPHOR command, and
characteristic (F) vector
, 99

METAPHOR command, and
characteristic (G)
matrices, 99

METAPHCR command, and the
constant basic variable
(V) vector, 99

METAPHOR command, and the
initial state (I) vector,
99

METAPHOR command, and the
intraphase transition (P}
matrices, 99

METAPHOR command, and the
numper of phases, 89

METAPHOR command, and the
number of states per
Phase, 99

METAPHOR command, and the
number of time—invariant
basic variables, 959

METAPHOR command, and the
probabilities of each
accomplishment level, 99

METAPHOR command, and the
probabilities of time-
invariant basic variables
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METAPHOR command, and time-—
invariant basic variables
, 99

Examples, of METAPHOR use, 25
EXTT, METAPHOR command,
14,829,100

METAPHOR command, and CALC,
METAPHOR command, 89,100

METAPHOR command, uses of,
100

F (characteristic) wvector, and
ALTER, METAPHOR command,
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84
and DATA, METAPHOR command,
93
and EVAL, METAPHOR command,
99
F (characteristic} vectors, ¢
inputting, 9
inputting, example of, 9
Files, command, 23
Footkall team, as an example of
reconfiguration, 43
Football teams, as an example of
degradable systems, 54
FCRTRAN, 2,4
Furchtgott, D. G., 1

G ‘tcharacteristic) matrices, and
ALTER, METAPHOR command,
83
and DATA, METAPHOR command,
93
and EVAL, METAPHOR command,
99
G {characteristic) matrix, &
inputting, 8
inputting, example of, 8
GIVEN, METAPHOR array generator
command, 15,49,113,117
METAPHOR array generator
command, use with the
"advanced” series-
parallel system, 49

HELP, METAPHOR command, 2,14,101
Hierarchy, model, 2
H ¥interphase transition)
matrices, 15
and GIVEN, METAPHOR array
generator command, 117
and IDENTITY, METAPHOR array
generator command, 117
and the ALTER command, 83
and the DATA command, 23
of the example from the
Third Semi-annual Status
Report, 75
specifying, 113
H tinterphase transition)
matrix, for the multi-
phase degradable system
example, 67
for the simple multi-phased



degrading system example,

multi-phased reliability
example, 45

IDENTITY, METAPHOR array
generator command,
15,50,61,75,113,117

METAPHCR array denerator
command, use with simple
multi-phased degradable
system example, 61

METAPHOR array generator
command, use with the
example from the Third
Semi-annual Status Report
r 75

METAPHOR array generator
command, with the
advanced series—parallel
system, 50

I tinitial state distribution)
vector, and the triple
modular (TMR} system with
time—-invariant basic
variable, 34

for the muwlti-phase
degradable system example
. 67

I %¥initial state) vector, 10

and ALTER, METAPHOR. command,
83

and DATA, METAPHOR command,
23

and EVAL, METAPHOR command,
89

Initial state distribution, 10

nondeterministic, example of
using the triple modular
redundant (TMR) system,
31

Initial state distribution (I)
vector, and the Triple
modular (TMR) system with
time—invariant basic
variable, 34

fo the multi~-phase
degradable system example
, 67

Initial state (I) vector, 10

and ALTER, METAPHOR command,
83
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and DATA, METAPHOR command,
83
and EVAL, METAPHOR command,
99
Interlevel translations, 2
Interphase transition (H)
matrices, and GIVEN,
METAPHOR array generator
command, 117
and IDENTITY, METAPHOR array
generator command, 117
and the ALTER command, 83
and the DATA command, 23
of the example from the
Third Semi-annual Status
Report, 75
specifying, 113
Interphase transition (H)
matrix, for the multi-
phase degradable system
example, 67
for the simple multi-phased
degrading system example,
ol
multi-phased reliability
example, 45
Intraphase transition (P)
matrices, and EVAL,
METAPHOR command, 8%
and GIVEN, METAPHOR array
generator command, 117
and IDENTITY, METAPHOR array
generator command, 117
and the ALTER command, 83
and the DATA command, 23
of the example £from the
Third Semi-annual Status
Report, 75
specifying, 113
Intraphase transition (P)
matrix, for the multi-
phase degradable system
example, 68
for the simple degradable
system, 56
for the simple multi-phased
degrading system example,
61
for the triple modular
redundant system example,
28
multi-phased reliability
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example, 45
Iverson, XK. E., 2

Machines in a small factory, as
an example of degradable
systems, 54

as an example of
reconfiguration, 43
Matrices, interphase transition
(H), 15
intraphase transition (P),
15
Matrix, characteristic, 8
characteristic, inputting, 8
characteristic, inputting,
Example of, 8

METAPHOR, as & feasibility study
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performability
probabilities, 21

as a performability
evaluation tutor, 21

as a performability modeling
and evaluation tool, 21

as a performability tutor,
22,102

design goals, 21

METAPHOR software package, 2

sample session,
24,30,332,36,40,45,51,58,6

Mever, J. F., 1

Michigan Terminal System (MTS),
23

Model hierarchy, 2

Modeling, 2

Model parameter, 3

Model parameters, 83,92

Modes, 12

APL command mode, 100

CALC, 12,100

com, 12,14

COMMAND, 12,14,100-101
COMMAND/REPLY, 12,14,100-10C1

YES/NO, 12
MTS (Michigan Terminal System),
23

Multi-phase degradable system
example, 65
accomplishment levels of,
65,67
analytic solution of, 72
as an example of METAPHOR
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use, 65

figqure of, 6%

H V¥interphase transition)
matrix for, 67

I ¥initial state
distribution) wvector for,
67

METAPHOR evaluation session,
68

P tintraphase transition)
matrix for, 68

system states of, 66-67

use of DEDFAIL, METAPHOR
array denerator command,

use of NFAIL, METAPHOR array
generator command, 68

use of triple modular
redundancy (TMR) in, 65

Multi-phased reliability example
43

14

interphase transition (H)
matrix, 45

intraphase transition {(P)
matrix, 45

use of DEDFAIL, METAPHOR
array generator commandg,
45

Multi-phase reliability example,

accomplishment levels of,
45

analytic solution for, 48

figure of, 45

METAPHOR evaluation sesgsion,
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system states of, 45

NFAIL, METAPHOR array generation

command, 38

METAPHOR array generation
command, use with the
simple series—parallel
system, 38

METAPHOR array generator
command,
15,28,50,56,61,68,75,113,

METAPHOR array generator
command, and subsystems,
117

METAPHOR array generator
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checks, 22



METAPHOR array generator
command, example cf, 120
METAPHOR array generator
command, use with simple
multi-phased degradable
system example, 61
METAPHOR array generator
command, use with the
example from the Third
Semi-annual Status Report
. 75
METAPHOR array generator
command, use with the
multi-phase degradable
system example, 68
METAPHOR array denerator
command, use with the
simple degradable system,
56
METAPHOR array generator
command, use with triple
modular redundant system
example, 28
METAPHOR array generator
command, with the
advanced series-parallel
system, 50
NO, 14
Nondeterministic initial state,
example of, using the TMR
(triple modular
redundancy) system, 31
NUM.ACC, LEVELS, 93
NUM.CONST.BAS.VARS, 93
NUM.PHASES, 93
NUM.STATES, 93
NUM.TRAJ,.SETS, 84,93

OFF, 87,96
ON, 87,96

Pakin, 8., 2
Parameter, 3
Parameters, model, 83,92
PERF, 93
FPerformability, 2
and DATA, METAPHOR command,
a3
Performability model, 3
Phased missions, 44
Phases, number of, and
DATA ,METAPHOR command, 93
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number of, and EVAL,
METAPHOR command, 92
Phasing, 49
P tintraphase transition)
matrices, 15
and EVAL, METAPHOR command,
99
and GIVEN, METAPHOR array
generator command, 117
and IDENTITY, METAPHOR array
generator command, 117
and the ALTER command, 83
and the DATA command, 93
of the example from the
Third Semi-annual Status
Report, 75
specifying, 113
P tintraphase transition)
matrix, for the multi-
phase degradable system
example, 68
for the simple degradable
system, 56
for the simple multi-phased
degrading system example,

for the triple modular
redundant system example,
28
multi~phased reliability
example, 45
PRESENT.ACC.LEVEL, 83
Probabilities, of time-invariant
basic variables, 10
PROB.CONST.BAS,VARS, 83
Prompt symbel, for COM, METAPHOR
command, 91
Prompt symbols, 12
for CALC, METAPHOR command,
89

Quad, APL symbol, 6

Reconfigurable computing system
ton board a commercial
aircraft), 43

Reconfigurable computing

s systems, as an example of
degradable systems, 54

Reconfiguration, and the multi-
phased reliability
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examples of, 43
Reliability evaluation, 25

Scalars, &
APL, 4
Semi-Annual Status Report, Third
7
r
Session, for ALTER, METAPHOR
command, 84
for BRIEF, METAPHOR command,

87

for CALC, METAPHOR command,
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for COM, METAPHOR command,
91

for DATA, 24

for ECHO, METAPHOR command,
96

for the advanced series-
parallel example, 51

for the multi-phase
degradable system example
; 68

for the multi-phase
reliability example, 45

for the simple degradable
system, 58

for the simple series-
parallel system, 40

for the triple modular
redundant system example,
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for the triple modular
redundant (TMR) system,
with nondeterministic
initial state, 33

for triple modular
redundancy (TMR) example,
with time-~invariant basic
variable, 36

fo the example from the
Third Semi-annual Status
Report, 75

sample METAPHOR session, 24

Simple degradable system, 54
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analytic solution, 58

as an example of METAPHOR
use, 54

figure of, 54
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matrix for, 56
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use of NFAIL command,
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command, 56
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'
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as an example of METAPHOR
use, 60

figure of, 60

interphase transition (H)
matrix, 6l

intraphase transition (P)
matrix, 61

use with IDENTITY, METAPHOR
array denerator command,
61

use with NFATIL, METAPHOR
array generater command,

Simple series-parallel system,
37
analytic solution, 42
as an example of METAPHOR
use, 37
figure of, 28
METAPHOR evaluation session,
40
transition graph of, 40
use of NFAIL, METAPHOR array
generator command, 238
Simple series—-parallel system
example, accomplishment
levels of, 40
system states of, 329
Sourcing a file, 23
Stacking, of array generator
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of commands, 15
States, number of, and DATA,
METAPHOR command, 93
number of, and EVAL,
METAPHOR command, 88
of the "advanced" series-
parallel system example,
51
of the example from the
Third Semi-annual Status
Report, 74
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redundant (TMR) system

example, 27
Stationary distributions, 51
Subsystems, and DEDFAIL,
METAPHOR array generator
command, 113
and NFAIL, METAPHOR array
generator command, 117

Third Semi-Annual Status Report,
7,73~74,99
Third Semi-annual Status Report

example, 73

accomplishment levels of,
74-75

as an example of METAPHOR
use, 73

H {interphase transition)
matrices of, 75

METAPHOR evaluation session,
75

P tintraphase transition)
matrices of, 75

system states of, 74

time-invariant basic
variable in, 74

transition graph of, 73

use of IDENTITY, METAPHOR
array generator command,

use of NFAIL, METAPHOR array
generator command, 75
Time~invariant base variable, in
the example from the
Third Semi-annual Status
Report, 74
Time-invariant basic variables,
3-4,11
and EVAL, METAPHOR command,
99
and the ALTER command, 83

133

and triple modular
redundancy (TMR), 34
characterizing vector, 10
example of, 11
number of, and DATA,
METAPHOR command, 93
probabilities of, 10
probabilities of, and DATA,
METAPHOR command, 93
the number of, and EVAL,
METAPHOR command, 99
the probabilities of, and
EVAL, METAPHOR command,
o9

Time—invariant basic variable

TMR

TMR

vector (V)}, and ALTER, 84

and DATA, 93

{triple modular redundancy,
27

as an example of METAPHOR
use, 27

in conjunction with the
multi-phased degradable
system example, 65

{triple modular redundancy)
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levels of, Z28

analytic solution of, 30

figure of, 27

METAPHOR evaluation session,
30

P tintraphase transition)
matrix for, 28

system states of, 27

transition graph of, 27

use of NFAIL, METAPHOR array
generator comand, 28

with nondeterministic
initial state, 31

with nondeterministic
initial state, analytic
solutien of, 33

with nondeterministic
initial state, as an
example of METAPHOR use,
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with nondeterministic
initial state, METAPHOR
evaluation session, 323

with time—invariant basic
variable, 34

with time-invariant basic
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variable, analytic
solution, 36
with time-invariant basic
variable, as an example
of METAPHOR use, 34
with time~invariant basic
variable, METAPHOR
evaluation session, 36
Trajectory set probabilities,
calculation of, 7
Trajectory sets, 2,8
and ALTER, METAPHOR command,
84
and DATA, METAPHOR command,
93
base model, 2
calculation of probabilities
of, 7
inputting to METAFHOR, &
inputting to METAPHCR,
example of, 8
Trajectory spaces, 7
Transition graph, of the example
from the Third Semi-
annual Status Report, 73
of the simple series-
parallel system, 40
of the triple modular
redundant system example,
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Translations, interlevel, 2
Triple modular redundancy
example, accomplishment
levels of, 28
analytic solution for, 30
figure of, 27
METAPHOR evaluation sessieon,
30
P tintraphase transition)
matrix for, 28
system states of, 27
transition graph of, 27
use of NFAIL, METAPHOR array
generator command, 28
Triple modular redundancy {(TMR),
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as an example of METAPHOR
use, 27

in conjunction with the
multi-phased degradable
system example, 65
Triple modular redundancy (TMR)
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with nondeterministic
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solution for, 23
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with nondeterministic
initial state, METAPEOR
evaluation session, 33

with time-invariant basic
variable, 34

with time-~invariant basic
variable, analytic
solution, 36

with time-invariant basic
variable, as an example -
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with time-invariant basic
variable, METAPHOR
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Tutorial facilities, 2
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89
and ECHO, METAPHCR command,
96
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and triple modular
redundancy (TMR), 34

time-invariant basic
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from the Third Semi-
annual Status Report, 74

Variables, degree of freedom
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time-invariant basic, 3-4,11
time—-invariant basic,

characterizing vector, 10
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example of, 11
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time-invariant basic
variables, and EVAL,

METAPHOR command, 99
time-invariant basic
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and EVAL, METAPHOR
command, 99
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user defined, 6,13
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vectors, 10
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distribution vector, and
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system with time-
invariant basic variable,
34
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and input data, 5
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example of, ©
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for inputting trajectory

sets, 7
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initial state, 10
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a vector, 8

repetitious, 6
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ALTER, 84

and DATA, 93
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distributions, 51
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