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ABSTRACT

VOLUME II

TECHNIQUES DEVELOPMENT - LEAR SIEGLER

This second volume of a three-volume final report discusses results of a
number of integral programs undertaken at LSI in developing the PRESTO
concept. It contains six separate appendices -~ each covering one of the
following technique developments at LSI:

Performance
Reliability

Economics

Launch Vehicle System
Regression
Optimization

With the exception of Launch Vehicle System, each appendix presents results
of one particular technique development as related to the overall PRESTO
concept synthesis.

The Performance, Reliability, and Economics appendices are concerned with
the system simulation techniques necessary to generate mathematical models
describing these particular system characteristics. The modelsarerequired
to have some independent system variables in common for overall concept
implementation. ‘

The Launch Vehicle System appendix is devoted to the definition of a Study
Launch Vehicle System (SLVS) to which a modification of the PRESTO
concept was applied for demonstration purposes.

The Regression appendix presents an approach to multiple regression curve
fitting of data ona set of system parameters in order to generate an expression
describing the behavior of one of the parameters in terms of the remaining
(independent) parameters. This technique is intended for use in conjunction
with any one or all of the Performance, Reliability, and Economics simulators
in developing mathematical models of the various system characteristics.

The Optimization appendix presents a method which may be employed to
exercise the earlier described models, leading to desired optimal system
characteristics.



FOREWORD

VOLUME 1II

TECHNIQUES DEVELOPMENT - LEAR SIEGLER

A final report in three Volumes is herewith submitted by Lear Siegler, Inc.,
Instrument Division to the National Aeronautics and Space Administration
Headquarters in fulfillment of Contract NASw-938. The study, entitled
Launch Vehicle Optimization Study -- Phase II, was pursued under the
technical direction of the Launch Vehicle and Propulsion Program Office,
Code SV, NASA Headquarters, by the following participant organizations:

e LSI Instrument Division
e LSI Defense Systems Operations
e The University of Michigan

This summary report of the Phase II Launch Vehicle Optimization Study is
contained in three separate volumes.

e Volume 1 Volume 1 contains a general review of the
Concept Development program, an exposition of the PRESTO concept
And Application - and techniques, a presentation of its application

to a Study Launch Vehicle System, and a dis-
cussion of special problems and significant

achievements.

e Volume II Volume II contains a comprehensive review of
Techniques the PRESTO simulation and optimization tech-
Development - niques, as formulated and applied at LSI, in
Lear Siegler, Inc. addition to a description of the Study Launch

Vehicle System to be analyzed.

e Volume III Volume III contains a report of related efforts
Techniques compiled by the University of Michigan under
Development - the direction of Dr. Frank H. Westervelt. It

University of Michigan includes documentation on the Westervelt Per-
formance Simulator and the U of M Regression
Routine.
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INTRODUC TION

Of increasing interest to systems analysts is the use of digital computers
for system simulation. Historically, the analog computer has been the
primary tool in machine simulation of a system. As the speed and flexi-
bility of digital machines has improved, the use of digital computers has
become more appealing. The reason for this is that for many types of
problems, digital simulation can provide more reliable and accurate re-
sults with less over-all engineering time and effort.

The trend towards use of digital computers for system simulation has
resulted in the expenditure of considerable effort towards developing

digital computer programs capable of translating analog computer simu-
lations directly to digital computer form. Since the first attempt by
Selfridge ! in 1955, there have appeared a number of such programs; best
known perhaps are DEPI?, ASTRAL3, DEPI 44, DYSAC5, PARTNERS, DAS?,
JANIS®, MIDASY, and PACTOLUS .

A basic requirement for the above mentioned programs is that the set of
system equations (or state model) has been developed by the systems

analyst in a form suitable for analog computer simulations. This state
model development comprises a considerable portion of the overall system
simulation effort. The use of a digital computer to develop the state model --
automatically -- constitutes a major breakthrough in the system simulation
area. This is the strong point of the MISSAP* program discussed in Section
2 of this Appendix.

Once a system state model has been constructed, calculation of the system
variables for a given set of component parameter values and input variables
becomes efficient and accurate. However, the construction of a true
performance model as conceived during the PRESTO concept development
requires a considerable extension of the state model construction discussed
in Section 2.

This extension involves the following considerations. Thorough analysis
of system performance generally involves many repeated calculations of
the system variable values for various combinations of component para-
meter values within their allowable ranges. This is required in order to
assure that the system variables will lie within certain desired limits for

*The MlIchigan State System Analysis Program (MISSAP) is a digital
computer program being developed at Michigan State University under
the sponsorship of International Business Machines Corporation.

A-3



the allowable ranges on the system component parameters. An increasingly
popular approach to this problem involves Monte Carlo techniques. These
techniques will yield a frequency distribution for each of the system vari-
ables for a given set of frequency distributions on the system component
parameters. However, this approach is very tedious and time consuming.
Construction of a true performance model involves a further extension of
this approach in that a functional relationship is desired which explicitly
relates the frequency distributions of the system variables to the frequency
distribution of the system component parameters. With such a model, the
effect of adjusting any or all of the component frequency distributions

could be computed directly.

Three approaches to this problem are discussed in Section 3 of this
Appendix. Each of these, essentially, consists of exercising the system
state model discussed in Section 2. The merits of these approaches have
not been thoroughly established and much work remains to be done in this
area. However, it is felt that these may provide significant break-throughs
in the area of system performance simulation.

Section 4 contains a list of references which were used in the concept
development.




STATE MODEL GENERATION

This section deals primarily with the development of the system equations
(referred to as the system ''state model"). The state model is developed

by the digital computer through use of various aspects of linear graph
theory.

Section 2. 1 explains in detail the MISSAP state model formulation procedure.

Section 2. 2 illustrates this formulation technique by means of a simple
example using an electrical RLC network.

Section 2.3 describes some of the modifications that are necessary to
include additional components into the formulation procedure. The
present version of MISSAP is restricted primarily to linear electrical
networks. However, the general state model formulation technique is
extendable to include non-electrical and non-linear components.

Section 2. 4 illustrates the simulation of a reasonably complex electrical
system made up of components presently in the MISSAP library. These
include a non-linear model for a transistor. This example demonstrates
the capability of the state modeling technique and provides some insight
into the possibilities offered by this method for launch vehicle simulation.

2.1 MISSAP FORMULATION PROCEDURE

The information on the type of components and their mode of
interconnection is supplied to the computer via punched cards giving the
component type, the network node numbers between which the component
is connected, its orientation, and the particular coefficient values
describing the components such as resistance, capacitance, amplitude,
rise-time, initial conditions, etc. In addition, the user must supply the
voltages and currents desired as outputs by specifying appropriate volt-
meters and ammeters in the network. The remainder of the formulation
and solution is conducted automatically by the digital computer.

Associated with each element is both a voltage and a current variable,
but either one or the other of these may be eliminated by the computer

at the outset since the terminal equations for the element could then
supply the missing variable. For example, if a resistor's voltage is
eliminated, the product of the resistance and the current could supply the
missing variable.

The method of choosing which variables should be eliminated and the
method of how the equations relating the remaining variables should be



written to insure correct formulation has been developed by Reed and
Seshu'' , Koening and Blackwell'2 , Wirth!3, and Reid'4.

The technique of choosing which variables should be eliminated proceeds
in the computer as follows.

The element-node incidence matrix is generated from the element-current
summations at each of the nodes of the network as

aCl=0 Eq. 1

where the rows of . correspond to nodes and the columns correspond to
elements. Next, rows of (. are added and/or subtracted and/or permuted
and the columns of A are permuted. This forces the following form

where U is the unit matrix and S is the matrix obtained by forcing this
particular form.

The order of the variables in Iy, the branch currents, and I., the chord
currents will, in general, be different from their order in I since the
columns of G will have been permuted.

The form required for Equation 2 will not give a unique result. However,
not all equations of this form will yield the desired matrix properties in
the following development. The additional requirement which must be met
in forming Equation 2 is that of determining which columns of & to per-
mute in forming the unit matrix; certain columns, i.e. elements, must be
preferred over others. This order of preference is as follows going from
left to rightin & ;

Voltage sources
Ammeters
Capacitors
Transmission Lines

O DN




5. Resistors

6. Inductances

7. Voltmeters

8. Current sources

In many cases, there are advantages to be gained as far as subsequent
numerical accuracy is concerned if a finer gradation of preferences is
made within the above groups. For example, the smaller resistances
are given preference over the larger valued resistances.

Equation 2 will always contain at least one row of zeroes, since at least
one node current summation is not independent of the rest. In general,
there may be p parts to the circuit, that is, p separate sections which
have no connection whatever, or are connected by mutual inductances,
transmission lines, or dependent sources. In the general case there
would be p rows of zeroes.

The rows of zeroes of Equation 2 may be discarded leaving

[v s8] [ 1

= 0 Eq. 3
Ie
from which I B is obtained as
Ig = - SI C . Eq. 4

Thus the currents of the elements having currents I, i.e. the branch
currents, may be expressed in terms of the chord currents.

In a similar manner, the chord voltages can be expressed in terms of the
branch voltages. It can be shown 2 that the columns of S provide the
required circuit information and that

V. = STV, Eq. 5

where ST is the transpose of S given in Equation 3.



Thus, if the branch currents and the chord voltages are eliminated by
Equations 4 and 5, the remaining variables are the chord currents
and the branch voltages.

When the equations are checked at this point, all the voltage sources and
ammeters must be in the set of branches, and all the current sources
and voltmeters must be in the chord set or the solution does not exist for
this network.

Next, the circuit equations are written from the specifications using the
variables determined above. These equations are

-(%—MX+AX+BE(1;) -0 Eq. 6

VB
X = : Eq. 7
I

where

and E(t) is the set of driving functions specified. The coefficient matrices --
M, A, and B -- are implied by the specifications and generated by the pro-

gram.

The derivatives of all the variables in X are, in general, not required,
that is, some of them are simply algebraic variables. Likewise, all the
equations in Equation 6 are not differential equations -- some are
algebraic. If Equation 6 is rewritten in partitioned form, this separation
of differential and algebraic equations and variables can be displayed as

MI | MI2 Xd A ] AI2 xd B |

a + + Et) = 0
dt
My M X, Ay AullX, B,

Eq. 8

where the Xy are the variables whose derivatives are required and the
X , are the algebraic variables.

If Equation 8 has been properly partitioned, then the sub-matrix M,,
will have maximum rank. Entries within M,, indicates that some of the




capacitors and inductors will not require differential equations because of
their interconnection in the network. For example, if three capacitors
form a circuit in a network, the time derivative and magnitude of two of
the capacitor voltages are sufficient to determine the time derivative and
magnitude of the third. Since the X, also contains the variables associated
with the elements that are specified drivers, entries in M, and M,, indi-
cate that the time derivatives of the corresponding drivers are required
for the solution, e.g., circuits of only capacitors and voltage drivers.

The operations on Equation 8 proceed as follows. Entries in M,; and
M;, are deleted and a new coefficient matrix for the derivatives of the
specified drivers is formed. The first equation is then multiplied by
M, " ' The resulting new first equation is then mulitiplied by M,, and
subtracted from the second equation. The equation then is

v o X4 a, alz X4 B, A
- + + E(t) + E'(t) =0
0 0 X, Az Qpol| Xa B, &2 |
Eq. 9
The solution to Equation 9 exists only if A22"' exists, so the second equation
of (9) may be multiplied by < ,,~! . This effects the solution for the

X, in terms of the X4, and X may be replaced in the first equation.
The form then is

g_t X + AX+ BEt) + CE'®) = 0 Eq. 10

Equation 10 is in a suitable form for numerical or analytic solution.
This equation is solved numerically the the present version of MISSAP.

2.2 ILLUSTRATIVE EXAMPLE

The following example parallels exactly the preceding explanation
of the MISSAP formulation technique.

Consider the electrical network shown in Figure A-1,
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Figure A-1. Example RLC Network

A linear graph of the network is implied by the interconnection and
orientation information that is supplied in the input specification by
the user. This graph is given in Figure A-2,

Vm8

Figure A-2. Linear Graph for Example Problem
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The element-node incidence matrix of Equation 1 is then automatically
constructed by Kirchhoff's current law as

Elements

Nodes <

@EEE

[}
—
[y
1
-y
i
p—
I
-
o
o
[

N

1 0 0 1 0 O 1 1|j|i,| =0 Eq.11

Note that the element subscriptin Figure A-2 corresponds to the number
given to the element in Equation 11.

To obtain the form that is given in Equation 2, the columns of the coeffi-
cient matrix of Equation 11 are first permuted so that the elements are
in the proper order to satisfy the preference list, i.e.,

@O

1 0 0 0 1 1 0 1)/i,| =0 Eq. 12
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Adding rows a, b, ¢ and d and replacing row d by the sum provides a ‘

bottom row of zeros, i.e.,

d' = a+b+c+d

Performing the following operations

b' = b +c¢c

-a -b'

a t

yields the desired form of Equation 2

1 0 0 0 1 1

0 1 0t!1 -1 -1
|
0 0 1,0 -1 0
0 0 0,0 0 ©
Therefore

_1. 0 1 1
i,l=-11 -1 -1
g | (0 -1 0

A-12

Eq. 13

Eq. 14




which is the form of Equation 4 where

IB = i3 Eq. 15

and

IC = ig Eq. 16

From Equation 5

v, [0 1 0]
v, 1 -1 -1 v,
Ve =| vq] = 8'Vg = |1 -1 o0 v, Eq. 17
Vg 0 0 1 Ve
i VSJ |1 -1 -1_

which can be verified by Figures A-1 and A-2.
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The form of the equations that are stored in MISSAP to describe the
components that are used in the example is as follows:

v, = a function of time determined by the input specification.
(Note: There are presently six time functions available
for use as voltage drivers. A seventh can be used to
supply additional functions by means of data cards. )

Vo = R, 1,
dV3 1
— = —— i, (an initial value of v, is part of the input
dt Cs specification)
di, 1

= V4
dt Lg
dig 1

= — v, Eq. 18

dt Ls
dvg 1

= ig
dt Ce
Ve % R,1,
i 8 = 0

Eliminating the branch currents and the chord voltages that are given
by Equations 14 and 17, and rewriting the results in matrix form
provides

A-14




0 0 0 0 0 0 0 0 v,
0 1 0 0 0 0 0 0 v,
0 0 1 0 0 0 0 0 Ve
a 0 0 0 0 0 0 0 0 i |
dt 0 0 0 0 0 0 0 0 i,
0 0 0 0 0 1 0 0 iq
0 0 0 0 0 0 1 0 ig
0 0 0 0 0 0 0 0 ig
- -~ L J
_ o - -
r1 0 0 0 0 0 0 0 rv| -1
o o o 2 1 1 o 1)y 0
1 -1 1

0 0 0 0 —=— 0 — Lily 0
Ce Ce €, 6

0 1 0 -R, 0 O 0 0 i, 0

+ e(t)
1 -1 -1 0 -R, O 0 0 i, 0
1 -1

1 =1 9 0 0 o0 0 0 i 0
Ls Lg 4

o 0o L 0 o o 0o o0]]i 0
L, 5

0 0 0 0 0 0 0 1 iy 0

where e(t) is the specified function for v,. This is the form of Equations 6
and 7.

Separating the algebraic equations from the differential equation provides the
form given in Equation 8.

A-15
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22
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o | o
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- - - -
\A 0
\A 0
ig 0
15 0

+
v, -1
i, 0
i, 0
s | L9

Eq. 20

e(t)




Hence, thederivative of e(t) is not necessary and the number of differential
equations in Equation 20 cannot be reduced. The bottom half of Equation
20 provides

1 0 0 0 Fv, 0O 0 0 O rv3 F+1
0 -Rz 0 0 i, -1 0 0 0 VG 0
= + e(t)
1 0 -R7 0 i, +#1 41 0 O ig 0
| 0 0 0 l_j_18_j —0 0 0 O__ls_ _0_J
Eq. 21

or by premultiplying this equation by the inverse of the coefficient matrix
on the left hand side of Equation 21

v, | [o o o o vy [1]
i "P%Z 0 0 0 ||V 0
= + . e(t) Eq. 22
i, _1% 1% 0 0 ||ig &
-18 1 i 0 0 0 0 _J _15-. i 0_

Substituting Equation 22 into the top half of Equation 20 provides the desired
state model given in Equation 10
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- 1 1 1 1 1
Vy ( + - —_ 0 A
C,R, C3R7) C,R, C, 3 CiR,
v 1 1 o -1l |y 1
) °l C.R, C.R, C | | | CeRs
at - + e(t)
1 1
ig -— 0 0 0 i, —_
L, L,
i 0 L0 ol |k 0
L 3 - L L5 - L 5_ L .
Eq. 23

The numerical solution of these differential equations, along with Equations
14, 17, and 22 provide sufficient information to determine the time response
of any variable of the system given in Figure A-1.

2.3 POSSIBLE EXTENSIONS

The extension of the present version of MISSAP to mechanical, electro-
mechanical, hydraulic and other systems that have direct linear electrical
analogs is trivial. That is, any system that can be simulated on a linear
analog computer can also be simulated with the present version of MISSAP by
simply including the additional equations that describe the non-electrical
components. This type of extension will not be discussed further,

The use of topological linear graphs and complementary "through' and "across"
variables for the description of multi-terminal electrical, mechanical, and
hydraulic components has been described by Koenig and Blackwell. 12" This
technique provides a basis for formulating the state model of a general linear
system in the same fashion that is presently used in MISSAP for two terminal
electrical components. The properties of the branch and chord sets that are
used with this general technique are identical to those that are presently
exploited in MISSAP and result in nearly the same matrix algebra that is
described in the previous section. While there are some subtleties involved
in the formulation of a state model with multiterminal components, these
areas are well defined and can certainly be included in a computer program.,

A-18




The formulation of a state model for systems composed of non-linear
components (especially those containing trigonometric functions) is
necessary to completely simulate a launch vehicle by this technique.
Fortunately, the state model formulation for these non-linear systems
exactly parallels the formulation process that is used in MISSAP
through Equation 8 of Section 2.1, with Equations 6 and 8 replaced

by first order non-linear differential equations. At this point,
however, there is no guarantee that the resulting algebraic equations,
which are now non-linear in nature, can be explicitly solved for the
desired variables to obtain the final state model form. In cases
where the "inversion' of these non-linear algebraic equations is
impossible, the complete system of equations

dx, = f(xg, %o, E(t)) Eq. 24

o
]

g (%4, X,, E(t)) Eq. 25

(where g is the system of non-linear algebraic equations that cannot
be explicitly solved for x, in terms of E(t) and x4) is solved numeri-
cally in the following fashion. Initial conditions x4 (t =0) are prescribed
for the dynamic elements of the system. Since the values of E(t=0)
and x,(t=0) are known, Equation 25 can be solved by numerical
iteration for xq(t=0). This provides the necessary information for
the evaluation of %4 in Equation 24 and the start of a numerical
solution to the differential equations. The first step of the numerical
solution provides a new value of x4 at a later time h. These new
values are then substituted into the algebraic equations and a new
value of x, determined numerically. The new value of X, is sub-
stituted into the differential equations and the numerical solution
continues.

The validity of the non-linear formulation and solution technique has
been demonstrated in a recent version of MISSAP by the inclusion

of a non-linear transistor model in the component library. The
example in the following section contains this non-linear model.

2.4 NON-LINEAR EXAMPLE

Consider the electrical network shown in Figure A-3.
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()
A

where
R, = 30x10° R,
R, = 10 Rs
Ry = 10° L,
R, = 10° C

R, = 10x10®> C,
Ry = 150 K,
K>

E

6

10
108

3x10°
1000x 1072
.001x10°°
-10°

-10°

A, = Ammeter

V,_¢ = Voltmeter

X, L/meter = .25x10_6
C/meter = 100x10™ "
Length = 1000 meter

E, = +20

E. = +20

6 [ 6 6
. = 20 [l_e—3X10 t] -20 [l_e-3X10 (t-5x10 )J U Et-5X10 ]

The transistor T, characteristics are given by the following quantities;
Reverse saturation current of the emitter-base junction = 107% amp.
Reverse saturation current of the collector-base junction = 10-® amp.

Alpha forward = 0, 990

The initial voltage of C, is assumed to be + 20 volts.

conditions are assumed to be zero.

All other initial

Figure A-3. Electrical Network for Non-Linear Example

A-20




A listing of the data deck prepared for the network shown in Figure |
A-3 appears in Figure A-4. An explanation of how the MISSAP data
deck is prepared is included as Figure A-5 of this Appendix.

The F card specifies the solution interval in real time and indicates
the completion of the data. Note that two cards are necessary for the
description of transistors and transmission lines.

A Control Data Corporation 3600 digital computer was used to execute
MISSAP with this data deck. Computation time was 7 minutes 30
seconds.

The voltages and currents of the network given in Figure A-3 can be
approximated accurately by inspection if the following are noted:

1. The damped tank circuit composed of L,, R,, and C, does
not affect the remaining network.

2. The characteristic impedance of the transmission line is
50§l . Hence, the initial pulse height to the transmission
line is 20 x 2—2 . After the single pulse, the input reflection
coefficient is - 2/3.

3. The output reflection coefficient of the transmission line is
essentially + 1.

4. The electrical length of the transmission line is

length
—F—

JLC

= 5 M sec.

9. The output of the transmission line drives an analog sign
inverter.

6. The transistor output is summed with + 20 volts and drives
an analog integrator.

The outputs that were computed and plotted by MISSAP are in excellent
agreement with the predicted results. These computed outputs are
given in Figure A-6. Plot number 1 shows the current as measured
in the RLC tank circuit by meter A,, shown in Figure A-3. Plot num-
ber 2 is the voltage measurement as measured by meter V,. Plots
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numbered 3 through 6 are the voltages as measured by meter V; through
V, , respectively. The transistor output Vg indicates the saturation

and cutoff present in the non-linear Ebers-Moll transistor model
presently stored in the MISSAP component library.

* * * *

C P CN M1SCoe
+ -

L 02 O1 3eb-03
C o2 03 leE~-09 20 e
A 1 03 01 l1eO CeSE~-06
R 02 04 30.E+03
£ 2 04 01 20 Oe Heb=06 Ol +00
R 05 04 10
\Y% 2 05 C1 2e¢0 2CeHE-06
X 05 01 1000 e D= 06 1U0et~1c Oe
X 0 6 16 s OCOQOE+0QO e D0OUCE+QO e GCUE+0U e QOLOL+0O0
Vv 3 6 16 ¢« 0000E+U1 e 2500E~-UD e LLUUL+UU e QOLOL+UU
R G6 07 leb+06
R 07 08 1eE+06
E O 8 16 -e1CO0OE+O07 +0000E+0OO e ODCOOE+0QO «NOOOE+QOC
\ o] 7 16 «O000E+0QO «0000OE+0OO s QUOCE+OU e ONCOE+00
R 08 09 leb+04
T ] 16 03 1et-06 e F8COE+CC
T 11 CcY leE-06 ¢ 3900E+0<
R 10 11 e 15CE+03
R 11 13 1.E+06
C 13 14 «O01E-06 Oe
E N 14 16 —«1CO0OE+07 «0CCOE+0O0 e« 0OO0QCE+0O «00Q0E+00
\ 0 13 16 + DO0DE+0DQ + O0O0E+0OC « DCOOE+QQ «O000E+0QO0
\ 4 8 16 ¢« 4000E+01 « 2500E-05 « QCO0OE+OU «0000E+0LGC
\Y) e 11 16 «5C00E+01 e 2500E-05S « O00LLE+OC PYeI01016] =8 079
& 5 10 16 - e 000E+02 «000CuEk+VLO e1CCUE+1U « 000C0L+0U
\% 6 14 16 «6000E+01 e 2500E-05S e« O000L+00 e 000OL+00O
R 13 1o l1e01E+06
= 5 15 16 «2000E+02 « QOOOE+00 e« 1COUE+1C «OO00NE+10
F 40.E~06

END OF DATA

KEY

C
=3
CN =
MISCe

COMPONENT
PLOT OR TYPE NUMBER

CONNECTION NODES
COMPUNENT VALULLS,

PLOTTING

LINE LENGTHS
INFURMATION

LTCoe

INITIAL CUNUITIUND

Figure A-4. Example Problem Data Listing

A-22




THE SPECIFICATION CARDS ARE READ WITH THE FORTRAN FORMAT

(Al1e1Xel1301Xe1301Xe13:4E1268)

BEIEEESSTIZISTSSEIZSEESCISSIXIICEEESIITZSIIXIISTECXASIESIIASRSISSSISESCSIIRIRSTIREITEEST
1 3-5 7-9 11=-13 14-25 26-37 38-49 50-61
zzz==2=3

NODES DATA 1 DATA 2 DATA 3

z==z=z=

ZEcETzsTIrsesmaxzas

E o X A
VOLTAGE SOURCE CONNECTED BETWEEN NODES X AND Y SUCH THAT
E(T)=A®V(T) WHERE V(T) IS THE VOLTAGE METERED AS INDICATED BY THE
NEXT CARD IN THE DATA DECK o
EXAMPLE
E 0 10 20 50.0
v 05 06
ALSO E(T)=A®I(T) WHERE 1(T) IS THE CURRENT METERED AS INDICATED BY
THE NEXT CARD IN DATA DECK
EXAMPLE
3 0 01 02 100
A 07 o4

0000000000000 0000000000000000000000000000s00000S

E 1 X Y A T:

SINOSOIDAL VOLTAGE SOURCE CONNECTED
FOLLOWING EQUATION
E(T)I=AR(U(T=T1)=U(T=T2) ) #SINF(2#PI#K*(T-T1))

WHERE PI*341415% s0ccecsese
EXAMPLE
E 1 1S 07 1040 12 375 2.0

T2 K
BETWEEN NODES X AND Y WITH THS

0 0000 ree et eI 0000000000000000000000000000000000080000000000000000T0TL

E 2 X Y A T T2 K

EXPONENT 1AL VOLTAGE SOURCE CONNECTED BETWEEN NODES X AND Y WITH
THE FOLLOWING EQUATION
E(T)ZAR(U(T=T1) (1-EXPF (~K®#(T-T1)))-U(T=T2) { 1-EXPF (=K#(T=-T2))) )}
EXAMPLE
E 2 00 12 S.0 2.0 3.0 1040
NOTE - K OF THE ABOVE FORMULA IS A FLOATING POINT NUMBER .«

csssseee

E R R T Y P R T R )

E 3 X Y A T1 v2 T3
A TRIANGULAR VOLTAGE SOURCE CONNECTED BETWEEN NODES X AND Y WITH
FOLLOWING EQUATION
E(T)zA® (U(T=TI)®(T-T1)/(T2-T) =W T-T2) ¥ T3=T1)/(T2-T1 ) #(T-T2) /(T3=T2))
#(1-U(T=-T3))
EXAMPLE
E 3 00 O1 100 1e0 240 G0

#0000 0000000000000 2080850000030 253000 3004300000000 0000s000tsattonrorttas

E 4 X Y A T1 T2
A SINE SQUARE VOLTAGE SOURCE CONNECTED BETWEEN NODES X AND Y WITH
FOLLOWING EQUATION
E(TISA#(UIT-TI)-U(T=T2)) *(SINF(2*PIM(T-T1)/(T2-T1)) ) #%2
WHERE Pi=341415%¢00cesessve
EXAMPLE
-3 4 01 00 2540 0.0 3.0

0600 0a0 0000000000000 ¢0000600e030000000000000000000200000000080000000000ss00ssrtacn

E S x Y A T T2
A RECTANGULAR PULSE VOLTAGE SOURCE CONNECTED TO NODES X AND Y WITH
THE FOLLOWING EQUATION
E(T)=A#(U(T-T1)-U(T-T2))
EXAMPLE
E 5 00 11 3.5 100 11.0

IF T1 AND T2 ARt BOTH ZERO, ABOVE CARD REPRESENTS A UNIT IMPWSE
FUNCTIONS
EXAMPLE
€ S 00 21

XXX RY essssee

E 6 X Y

VOLTAGE SOURCE CONNECTED SBETWEEN NODES X AND Y WHERE VOLTAGE 1S
A FUNCTION OF EXTERNAL DATA APPEARING AFTER THE F CARD WITH THE FOLLOW-
ING FORMAT

N
T(1) X1y
T2y x¢2)
. .
0 .
TIN) X(N)
WHERE N DENOTES THE NUMBER OF DATA CARDS AND IS LESS THAN OR EQUAL TO
100 AND WHERE X(1) 1S THE VALUE OF VOLTAGE AT TIME T([) - LINEAR INTER-

POLATION DETERMINES THE VALUES OF X AT POINTS INTERMEUIATE 70O THE GIVEN
T VALUES.

EXAMPLE

E 5 01 o2

Figure A-5. MISSAP Data Deck Preparation Outline (1 of 3)
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-0 00
O HHO o
O wn

1

1

-5

. 0

NOTE ~ THERE CAN St AT MOST TwO SUCH DRIVERS [N EACH SET OF DATA .

svevevsecsstssvestsasscessscsccine

tteesesssssserssesstersrrssccssessscnnas

FOR CURRENT SOURCES REPLACE LETTER (E) WITH LETTER (1) IN ABOVE CARDS .«
THERE CAN BE AT MOST 25 VOLTAGE AND CURRENT SOURCES IN ONE DATA SET.
THERE MAY BE NO VOLTAGE OR CURRENT SOURCES.

NOTICE - DATAL TO DATA4 MUST ALWAYS BE FLOATING POINT CONSTANTS.

00000 etone s 00teettenrsncnserneessnserseessetdesestersdettsacssenesnesensoncsocscccsvae

¢ IN THE FOLLOWING CARDS LETTER (J) DENOTES A LABEL NUMBER WHICH IS NOT
NEEDED BUT 1S ALLOWED FOR IDENTIFICATION PURPOSESs)

000000000 000ero00trtetttteserstenetnttstseestesss®®enesnctsscssoccccnsccssacas

c J NI N2 A vo
CAPACITOR WITH CAPACITANCE A AND INITIAL VOLTAGE VO CONNECTED
BETWEEN NODES N1 AND N2 o
EXAMPLE
C 02 01 02 0.0002 0.0

R R R R I L L)

R J NI N2 A

RESISTOR WITH RESISTANCE A CONNECTED HETWEEN NODES N1 AND N2
EXAMPLE
R 01 02 0S5 O0e10E+06

00500 000000000000 00000000000 0000000atitsctensttesstecesastsncsessssccssssonssoos

[N J NI N2 A 10
INDUCTOR WITH [INUUCTANCE A AND INITIAL CURRENT 10 CONNECTED BETWEEN
NODES N1 AND N2 o
EXAMPLE
L 04 05 08 00001 10e0

0 000 rrr 000t aerransteeN0rrete000000000000000800000s0000sensenestece

M J NION2 L) 101 K21
™M J N4 N3 L2 102 K12

ABOVE TWO CARDS REPRESENT MUTUAL INDUCTANCES WITH ONE INDUCTOR
HAVING TERMINALS N! AND N2 + SELF INDUCTANCE L1+ INITIAL CURRENT (01 AND
COEF ICIENT OF COUPL ING K21+ SECOND INDUCTOR HAS TERMINALS N4 AND N3,
SELF INDUCTANCE L2+ INITIAL CURRENT 102 AND COEFFICIENT OF COUPLING
Kl2e
NOTE — K12 AND K21 MUST BE LESS THAN 04999 « (FOR PERFECT COUPLERSS
Kz140 o« USE DEPENDENT SOURCESe E 0 OR I 0O o}

EXAMPLE
M 01 02 03 0.001 Ce0 0.5
M 01 05 07 0.0! 1e2 073

908006 000000000t etP It eierr00000000000000000000000000000000cs0a00stecttesnocttos

X J NI N2 D L C R
X N N&a N3 6 L1 R1 R2

THESE TWO CARDS PLUS THE N CARDS THAT FOLLOW THEM DENOTE A TRANS-
MISSION LINE WITH N METERS PLACED ALONG IT & D IS THE LENGTH OF THE
LINEe LsCsRs AND G ARE THE USUAL PARAMETERS DEFINED PER METER LENGTH.
Llse Rl1s AND R2 ARE PARAMETERS FOR DISTRIBUTED LINE LOADING SUCH THAT Rl
AND L1 ARE CONNECTED IN SERIES AND TOGETHER ARE IN PARALLEL WITH R2e N 1S THE
NUMBER OF METERS PLACED ALONG THE TRANSMISSION LINE. CARDS FOR THESE METERS
MUST FOLLOW THE ABOVE TwO CARDS AND MUST HAVE THE FOLLOWING FORMAT ,
v v x1 x2 X3

WHERE X1 AND X2 ARE AS EXPLAINED FOR METERS AND X3 DENOTES THE
DISTANCE OF THE METERS FROM THE (N1eN2) END OF THE TRANSMISSION LINE. NOTE THAT
N1 AND Na MUST BE ON THE SAME LINE.

EXAMPLE

X 06 01 02 1000 0+01 Q.02 100.0
X 03 04 03 0.5 Oel 10.0 12.0
A 01 1«0 T8} 50.0

A 02 0.0 99.0 75.0

v 03 240 1.0 100.0

NOTE - NO MORE THAN & TRANSMISSION LINES AND NO MORE THAN A TOTAL OF 25
LINE METERS MAY BE SPECIFIED IN ONE SET OF DATA.

[>] J N1 N2 A 8

DIODE CONNECTED BETWEEN NODES N1 AND N2 WITH FORWARD DIRECTION FROM
Nl TO N2,
THE EQUATION FOR THE DIODE ]S GIVEN 8Y

10=A# (EXPF (B#VD)~140)

WHERE 1D AND VD ARE THE DIODE CURRENT AND VOLTAGE RESPECTIVELY.
IF THE CARD F1ELD CORRESPONDING TO A IS LEFT BLANKTHE VALUE 1.0E-6 WILL
BE USED FOR A.
IF THE CARD FIELD CORRESPONDING TO 8 1S LEFT BLANK, THE VALUE 39.0 WILL
BE USED FOR B.
EXAMPLE
O 02 03 o8 1.0E-8 24.0

Figure A-5. MISSAP Data Deck Preparation Outline (2 of 3)
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T J NI N2 A B
T J N3 Ne <
THE ABOVE TWO CARDS REPRESENT A TRANSISTOR WITH THE FORWARD
ODIRECTION OF THE EMITTER-BASE JUNCTION FROM N1 TO N2 AND THE FORWARD
DIRECTION OF COLLECTOR-BASE JUNCTION FROM N3 TO N4. A IS THE REVERSE
SATURATION CURRENT OF THE EMITTER-BASE JUNCTIONs C IS THE REVERSE SAT
CURRENT OF THE COLLECTOR~BASE JUNCTIONe B IS ALPHA FORWARD AND D 1S T
EXPONENTIAL COEFICIENT Q/MKTe ALL OF THE DATA VALUES MUST BE POSITIVE
THE DISTINCTION BETWEEN NPN AND PNP TRANSISTORS 1S MADE BY THE OROERI
OF THE NODE NUMBERS TO CORRESPOND TO THE JUNCTIONS FORWARD DIRECTION,
THE FOLLOWING EQUATIONS WILL BE SATISFIED

E=B#A/C ALPHA INVERSE

112A/(1+0~B*E)

12%C/(10~B%*E)

1E= I 1#(EXPF (D#VE) =14 0)+E#]2# (EXPF (D#VC)=140)
IC=B#*] 1 # (EXPF (D#VE)~1 «0)+I2# (EXPF (D#VC)=140)

WHERE [E AND IC ARE THE EMITTER AND COLLECTOR CURRENTS RESPECTIVELY
VE AND VC ARE THE EMITTER~BASE AND COLLECTOR-BASE VOLTAGES RESPECTIVE1
ANY OR ALL OF THE DATA F1ELDS MAY BE LEFT BLANK IN WHICH CASE THE FoL|
VALUES WOULD BE SUBSTITUTED FOR THE BLANK SPECIFICATIONS

Ax1,0E-6 |
820.98 |
C=1.0E-6 |
D=39,0

EXAMPLE FOR PNP

T 01 05 06 1.0E-8 0.99

T 01 05 08 1.0E~7 3040

NOTE - THE MAXIMUM NUMBER OF TRANSISTORS AND DIODES WHICH MAY BE SPEC
IS LIMITED SUCH THAT. TWICE THE NUMBER OF TRANSISTORS PLUS THE NUMBER
DIODES IS LESS THAN OR EQUAL TO 16,

v J NI N2 Xx1 x2

THIS CARD SPECIFIES A VOLTMETER CON?‘ECTED TO NODES N1 AND N2.
REPLACING (V) WITH tA) DENOTES AN AMMETER.
X1 DETERMINES THE TYPE OF OUTPUT TO BE PLOTTED ON A LINE PRINTER BY
MISSAP, X2 DENOTES THE SCALE FOR SUCH A PLOT AS FOLLOWS
X3 1S A PARAMETER USED WHEN A METER (S PLACED ALONG A TRANSMISSION LI

X3 1S ALSO USED AS AN UPPER BOUND FOR INVERSE

FOURIER TRANSFORM PLOTSe (SEE PART B BELOW.)

A ) X1 A POSITIVE INTEGER (IN FLOATING POINT FORMAT) DENOTES THE PLOT
NUMBER AND INSTRUCTS MISSAP TO PRODUCE A TIME PLOT OF THE MEASURED QU
UP TO EIGHT METERS MAY HAVE THE SAME PLOT NUMBER IN WHICH CASE THE QU
THEY MEASURE WILL BE PLOTTED ON THE SAME AXES. X1 MUST BE AN [NTEGRAL
SEQUENCE STARTING WITH VALUE 140 sEeGe 140 s 200 o 340 » seasoescs

A BREAK IN THE SEQUENCE OF NUMBERING WILL INHIBIT THE PLOTTING OF THO
ABOVE THE BREAK.

X2 1S THE TIME DIVISION USED FOR PLOTTING AND CORRESPONDS TO THE TIME
OF TEN PRINTER PAGE LINESe FOR ALL METERS WHICH HAVE THE SAME X1 VALU
THE LARGEST OF THEIR X2 VALUES WILL BE CHOSEN AS THE TIME DIVISIONe
IF ALL METERS WITH THE SAME X1 VALUE MEASURE CONSTANT QUANTITIES THEN
INSTEAD OF THE PLOT THE FOLLOWING WILL BE PRINTED OUT

*CURVES OF CONSTANT VALUES = PLOT SUPPRESSED.*

B ) X12040 INSTRUCTS MISSAP TO PRODUCE THE FOURIER TRANSFORM OF THE M
QUANTITYe THE MAGNITUDE AND PHASE WILL BE PLOTTED OVER A THREE DECADE
OF FREQUENCY ON LOG-LOG SCALES o THE PLOT WILL BEGIN AT A FREQUENCY T
1S THE FIRST MULTIPLE OF TEN LESS THAN OR EQUAL TO THE RECIPROCAL OF
TIME INTERVAL OVER WHICH THE SOLUTION HAS BEEN OBTAINED. (VALUE ON TH
F CARD.)

X2 DENOTES THE NUMBER OF PRINTER PAGE LINES THAT THE THREE DECADE FRE
SCALE WwiLL OCCUPY. IF X2 1S LESS THAN Sis THE VALUE OF X2 WILL BE RES
Sle IF THE MAXIMUM OF THE MAGNITUDE OF THE FOURIER TRANSFORM IS LESS
O+¢1E-24 NO PLOT wiLL BE PRODUCED TO AVOID POSSIBLE INACCURACIES.

IF X3 IS DIFFERENT FROM ZERO,THE reciprocal of FOURIER TRANSFORM OF THE
QUANTITY METERED WILL BE PLOTTEDe VALUE OF X3 DENOTES THIS UPPER BOUN
ALL VALUES LARGER THAN THIS UPPER BOUND WILL BE PRINTED OUT

C ) A NEGATIVE INTEGER (IN FLOATING POINT FORMAT) IS A REQUEST FOR A

PARAMETRIC PLOTs QUANTITIES MEASURED BY TWO METERS HAVING THE SAME NE
X1 VALUES WiLL BE PLOTYED ONE AS A FUNCTION OF THE OTHERs THE PARAMETI
WHICH RELATES THE TWwO BEING TIMEe X2 INDICATES THE TIME INTERVAL REPR!
BY TEN CONSEQUTIVE POINTS OF THE PLOTs THE POINT OF THE PLOT CORRESPO
TO TIME 0«0 IS DENOTED BY LETTER (S)e EVERY TENTH POINT 1S DENOTED BY
A NUMBER FROM 0 TO 9 + THESE NUMBERS INCREASE IN THE DIRECTION OF INC
TIME. AFTER REACHING NUMBER 9 THE SEQUENCE WILL BE REPEATED START NG !
ZERO+ AND SO ONe

NOTE ~ THERE CAN BE AT MOST 25 METERS ASSOCIATED WITH THE LUMPED PARA
PARTS OF THE NETWORKs THIS IS IN ADDITION TO THE 25 METERS ALLOWED IN
TRANSMISSION LINE SYSTEMS.

NOTE - THE MAXIMUM LENGTH OF TIME PLOTS AND FOURIER TRANSFORM PLOTS 1
CONFINED TO FIVE PAGESe THIS IS A SAFEGUARD AGAINST UNNECESSARY OUTPU

LR R N Y TR TR

F

T
THIS CARD MUST TERMINATE A DATA SET(EXCEPT FOR POSSIBLE TABULAR DATA
ASSOCIATED WITH DRIVERS OF TYPE 6)¢ THE SOLUTION OF THE NETWORK EQUA
WILL BE OBTAINED FROM TIME EQUAL TO ZERO TO TIME EQUAL TO T,

Figure A-5. MISSAP Data Deck Preparation Ou
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PERFORMANCE MODEL GENE RATION

As discussed in the introduction to this Appendix, it is desirable to
construct a performance model such that the system variable frequency
distributions may be e xpressed as functions of the component para-
meter or coefficient frequency distributions. The problem of obtain-
ing an exact relationship of this type is impossible for all but the
simplest cases. However, it is felt that through use of carefully
chosen approximation techniques, a suitable solution to the problem
is obtainable. The following discussion is, therefore, limited to a
means of approximating the functional relationship for small pertur-
bations of the component coefficients about the nominal values. It is
felt that the small perturbation assumption is certainly justifiable in
studying such things as the accuracy of present day missile systems
since the component tolerances normally associated with these sys-
tems restrict the coefficients to a very small range.

For convenience, this section will deal primarily with an error anal-
ysis type of problem. In general, the performance analysis problem
is broader than this. However, the concepts discussed here could
conceivably be extended to include the entire performance analysis
area.

By first determining the error approximation function, the statistical
parameters (moments) of the system error distribution can then be
related to the statistical parameters of the components by means of
the approximation functions. For example, if the linear terms of an
m-dimensional Taylor series (m being the number of independent co-
efficient errors) is used for the approximation, the output error vari-
ance is given by
2

2 2 2 2 2
Tout = 3 0 2,0, +e.. + 2y,

a',i Eq. 26

where the a's are the constants determined by the Taylor series ex-
pansion. This type of functional relationship between the system out-
put and component statistical parameters is of the desired form for
optimization and can be used directly in the PRESTO minimization
technique.

The system state model that is explained and formulated in Section 2
of this Appendix, provides the basis for investigating three different

A-29



methods of generating the system error versus component error
approximation function. In all cases, it is assumed that the system
model is given as

X = g (&7 Eq. 27

v = f(x,u) Eq. 28

where 1 is a column matrix (vector) of specified inputs to the system.
Equation 27 represents a system of n simultaneous non-linear differ-
ential equations and Equation 28 relates the output (v) of the system
(position, velocity, etc.) to the state variable X and the input u.

The following three methods provide a technique for approximating
the unknown functional relationship

Av (t=T) = F(el,ez,...em) Eq. 29

whereAv is a system output error, €, ,€, ,...€, are small compo-
nent coefficient errors and T is a terminal time. Since one would ex-
pect the system output error to be reasonably well behaved about the
nominal trajectory and have the property of being an ""almost odd"
function of any single component error, i.e.,

Av(=T) = F(0,0,..., 0,¢,, 0,...0)=-F(0,0,...0, -¢,0,... 0)

Eq. 30

for €, small, the most logical first approximation to this function is
the sum of m linear terms. The best improvement of the linear
approximation seems to be a truncated m-dimensional Taylor series
about the nominal trajectory. For this reason, the truncated Taylor
series is selected for all three approximation methods that follow.

The mathematical details for the three techniques are provided only
for the linear and quadratic terms of the series. The same methodol-
ogy could, however, be used to generate any number of higher degree
terms if they are required.
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Since the details are somewhat lengthy, a brief word description is
given here for the convenience of the reader of how the linear Taylor
series coefficients (sometimes called sensitivity coefficients) are
obtained.

Method 1. The differential equations describing how the sen-
sitivity coefficients change as a function of time are derived.
These differential equations are then solved simultaneously
with the system model given in Equation 27 between time equal
to zero and time equal to T. The sensitivity coefficients of the
system at time T can be determined algebraically from the
solution to the differential equations.

Method II.  This method is basically the same as Method I
with one exception; a special property of the differential equa-
tions is recognized and exploited to reduce the number of
simultaneous differential equations that must be solved to
obtain the Taylor series coefficients.

Method III. The component coefficients are sequentially per-
turbed in the system model and the effect of this perturbed
coefficient is determined by re-solving the model. The change
in output divided by the coefficient perturbation provides an
approximation to the sensitivity coefficient.

The mathematical details of these methods follow.

3.1 METHOD I

The state model of the system with vector notation is

g (X’ u, €) Eq. 31

Mo
Il

f (x,u,€) Eq. 32

<
I

where X, u and € are vectors with components x;, X,...X,;u;, Uy ...u

’
€,,€, ... € respectively, and v is the single system output. |
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At a particular time T, the truncated Taylor series expansion of the output - . '
about the nominal solution is:

m aV m m az
v=vn°m+2( ) €+ 2 2( Al € €,
L=1 ‘ 0€/nom ji=1 k=1 5ej de,” nom
t= t=T
Eq. 33
av 0%,
For physical systems, it is reasonable to assume that and 35— Je de.
exist and are continuous in a region about the nominal so t1on € o€
Therefore
(%) E5)
ae Oe, =\de, Oe
om ' nom

The problem is, of course, to find the time varying coefficients ( a&v )
€
and( evaluated at T seconds.

€ O€y nom

To determine the first degree coefficients, differentiate (2) with respect
to e, :

ov of x, u, € ) 0 X o0f (x,u, €)
- 7 5 + Eq. 34
de, d x Oe, o6,
where:
of _ [ af of _______ of
0 x dx, 0Jx, axn]
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‘ and

0x,
Oe

0x,

Oe,

0x
Oe.

0Xq
Oe

If X represents the nominal solution to Equation 31 i.e., X =g (}?,u, 0),
then

ov ) _0f(x,u,€) < 9% . of (X, u,€)
aei ax aii a‘i
nom A ' Eq. 35
X=X X=X
€=(0 € =
dx

where .a—‘. is the solution to the time-varying linear differential equations
obtained by differentiating Equation 31 with respect to €; .

0% -4 (8x). dgx,me) ox  dglxue)

Oe, dt de, / dx de, de,
X=;{ X=;{
G:O €=0
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Rewriting this in matrix form with evaluation after differentiation implied: ‘ ‘

—

B 17 A ar. 1r7
9%, dg, ®,u,0) 9 g, (x,u,0) og) ()/{\, u,0) || 0%, og, ()/{\, u,0)
e, 0x, 0x, dxp, Oe, €,
dx, 0g2(§, u,0) 0X, égz()/;, u,0)
a€| aX| : a‘| aei
d i} ' .
dat
0%, | | 9g.®,u,0) 0 (R,u,0) ||3xn | |dgn &, u,0)
a“ aX| axn a‘i a‘;
Eq. 36

Since it is assumed that the initial conditions of Equation 31 are not
functions of the component coefficients, the initial conditions associated
with Equation 36 are zero.

In general, both the nominal system and Equation 36 must be solved simul-
taneously betweent =0 and t = T by numerical techniques. Note however,
that Equation 36 can be solved after the nominal solution is obtained if R

is stored for later evaluation of -g;—- (X,u,0) and -g—:— (x,u,0). The first
degree coefficients of Equation 33 are obtained by sﬁbstituting the solution
to Equation 36 at t = T into Equation 35.

The second degree coefficients of Equation 33 are obtained in a similar
manner, Consider
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f(x,u,0) 09x,7 Ox
0x 0x o€y ]

a‘i

0%,  [0f(%u,0) 2
O€, Oe, B [aek ax =1
0 £ (X,u,0) O
dx O€, O¢;
where:

- 0% 0%
aekax aik aX| aek aXZ
o°t | 9% 0°f
0x,0x | 9x, 0x, 0x,0x,
[ ox, |
O¢;

Ix | 9%
gy | O¢
0 Xy

_ Oe; |

A-35

3t R, u,0) ) % (R, u,0) ox
Oe, Oe, de; dx JOe,
Eq. 37

Eq. 40



s
0€, d€,
2
2 0°x,
= o | 9 9« Eq. 41
de, aej
d%x,
| d¢€; O€y |
3
The vector X is the solution to
€ O€
d ( % ) dg ®,u,0) dx %g ®,u,00 3%g@&,u,00 9x
= + —_—
dt de, de RS dede,  Oe Oe, de, Ox de,
+( azg(Q,u,O) N nz aag()'?,u,o) axq> 0x
dX OJde, g=1 9 X 0X de, / O
Eq. 42
where:
dg, ®,u,0)  dg, %,u,0) dg, ®,u,0)
0 x, ox, 9x,
A A
0 d 8, (x,u,0)
0g (,u,0) | 08247 Eq. 43
9x d x,
dg, (&,u,0) dgn &,u,0)
Toex, - -TTT° T 9%Xe
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3 gk u,

2 A
d g (x,u,O)
d¢, O,

azg?_ ()?, u,0)
o€, de,

g &,u,0)
0 €, Oek

g, ®,u,0)
afj afk

o°g (x,u,0)

¢3ej d x,

A
9% g, (x,u,0)

0) _ g, u,0)
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Eq. 44
% &,u,0) g &,u,0)
de, 0%, T Oe; 0x,

a%g (®,u,0)

de; 0dx,

Eq. 45



0% x,u,0) 3% (,u,0) d% (%,u,0)
dx, 0xq 0x, 0xq Oxn 0Xq

&e ®,u,0)

Fe &, u,0) et :
———— = | 3x, ox, . Eq. 46

0 x Oxq

3% &,u,0) 9% (%,u,0)
----- 0x, axq

and

2
Ix =0 Eq. 47

The solutions to Equations 42 and 36 evaluated at t =T are substituted into
Equation 37 to obtain the second degree coefficients.

Notice that Equation 42 is a set of time varying linear differential equations
with the same homogenous part as Equation 36. The vectors 6:{ and

g:‘ in Equation 42 are solutions to Equation 36 with i =] andi=k
k

respectively.

It is interesting to compute the number of differential equations that must
be solved for a tenth order system (n = 10) with fifty coefficient perturba-
tions (m = 50). In such a case there are:

m = 50 first degree terms in the Taylor series.
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|

(rf) + (r;l) = 1,275 second degree terms in the Taylor
series.
n =10 simulation non-linear differential

equations to obtain X.

nm = 500 linear time varying differential
equations to obtain
ox
EPRE i=1,2,---m.

These may be solved in groups of
10 simultaneous equations with %
required in each group.

n (T (m) = 12,750 linear time varying differential
1 2 . .
equations to obtain
2
Jx , i=1,2,---m, j=1,2, ---m
de; Oey

These may be solved in groups of
10 simultaneous equations with

A OXx ox
—-— and ————
% af, n aek

required in each group.

3.2 METHOD II

It was observed, for Method I, that the differential equations in ax
2 €;
and —-ae—a—)a:—- have the same homogeneous part. Marshall'® has
j Y€y

described a technique that exploits this property and, in many cases, reduces
the number of differential equations that must be solved. The mechanics of
this method are as follows.
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Introduce the adjoint system of equations

Edt‘A(t) Sy d8&w0 Eq. 48

JXx

where A (t) is an n x n matrix satisfying Equation 48and A (t=0) = U
= unit matrix.

The partial derivatives of the state variables with respect to the perturbations
are determined as:

] - -

dx, 9%, o 0 X, 0 g (}?,U,O) 68.(1?,11,0) o 2g, (ﬁ,u,O)

de Oe, O€m Oe, ¢, de,,

3%, . dg (&, u,0) .
© | =A (T)f A(t) ! ¥ dt
I 0 . .

d%n d Xp dg. w0 3 g, %,u,0)

i o€ O€m |t=T L oe - 0€m

Eq. 49
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and

.
- _ \ - . ar -
[ o fo 60 | [ Febu0 Fodu0 Foduo |[ o
aej aek aej ask aelOXI aeiaxz d€; 0%, de,
T 2 A 2 A .
6x2 - A (T)_If A® e} g, (x,u,0) 0 gz(x, u,0) ) gﬁ
o€, e, ° d¢, o€, de; 0%, . de,
+ . +
dx, g, &,u,0) g, &,u,0) 3%, &%,u,0) || ox,
O¢, Oe, O¢; O¢, de 0%, de, 0%, dey
L 4t=T L J L JL J
( N W
r - r 1.
g &,u,00 0% Gu,00 3%, &,u,0) 2% &,v,00 g &v,0 _azgi &u0)||| ax,
0x, Oe, 0%, de, dx,0¢, X Xg X, X Xn X4 €
g, (,u,0) I 3%, (%, u,0) : 3%,
dx, de, . dx, 9x%q . ¢,
: n ox, ) L
+
q=1 aek
Jen (,u,0) Fgn },,0) FenBuw0) % ®,u,0)| | | _0xn
dx, O€ 0x,0€y 0x, 0X,q 0 x, 0 Xxg L O,
\ - N W, =)
Eq. 50
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The Taylor series coefficients are determined by substituting Equation 49
and 50 into Equations 35 and 37.

An equation count with n = 10 and m = 50 provides:
n =10 non-linear differential equations to obtain %.

n =100 linear time varying differential equations to
obtain A (t). These may be solved simultan-
eously in groups of 10 with X required in
each group.

nm = 500 quadrature evaluations to obtain gx
The matrix A (t) and % are €;
required for each evaluation.

2
n[( ril)+(12n)] =12,750  quadrature evaluations to obtain “&a_)s{ .
, 0€; O¢,
The matrix A (t), %, OX and 9% are

required for each evaluation.

3.3 METHOD III

A straightforward approach to the problem of obtaining the first and
second degree terms of the Taylor series of Equation 33 is to actually
perturb the component coefficients in the nominal equations and observe
their effect on the output.
To simplify notation, the output will be considered as only a function of an
input vector u and m component perturbations €, , €, ---- €, i.e.

v =H (el s ‘2 3 ‘3 y T €n, lI) with (V)nom = H (0,0’ —--0,11) Eq' 51
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o ' Fér a sufficiently small increment in € , say Si , the first and second degree
| Taylor series coefficients can be approximated as

v H(0,0,0--0, 8, , 0--0,u) - H(0,0,0--0, -8, ,0--0, u)

de, 23,
| € =0
, Eq. 52
!
|

v |, 1 [H(0,0,0-—O, 8, , 0--0,u) - H(0,0, 0---0, u)

652 i 3,
| € =0
r
| (H(0,0,0---0, u)- H(0,0,0--0, -8, , 0--0, u)

5 ]
1 - Tlé.[H(o,o,o--o,si ,0--0,u)-2H(0,0,0---0,u) +
i
H(0,0,0--0, - 8,,0--0, u)]
Eq. 53
o% . 1 [H(@,0--0,8,0,--0, 8, ,0--0,u) -H(0,0,0--0, §,,0--0, )
"-‘1 de, 8) [ 8y
i#k
(H(0, 0,0--0, 8,,0--0, u) - H(0, 0---0, u) ]
8'(

' Eq. 54
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If, however, the & selected is too small, the above equations become ex- ‘ '
tremely sensitive to numerical inaccuracies. Therefore to select 3 , a

rough approximation of the sensitivity of the output to a particular per-

turbation must be known prior to solving these equations for the Taylor

series coefficients.

For m =50 and n = 10, the solution requires solving:

n =10 non-linear differential equations for the nominal
solution,

2 nm = 1000 non-linear differential equations to determine

2
OV and 9Y | and

de'. Oe.?

n ( I;l) = 12,250 non-linear differential equations to determine
Qv

—— forig#j.

These equations may be solved in groups of 10 simultaneous equations.

The equation count in Methods I, II, and III indicates the rather staggering
amount of calculations necessary to obtain only the first and second degree
coefficients of the Taylor series when the system is moderately large.
Higher degree terms require an unreasonable amount of calculation time
and are not considered worthwhile for this reason. The methods described
in this report could, however, be extended to cover higher degree terms

if the increased computation time could be tolerated.

The machine logic associated with the Methods I and II of this section are
considerably more complicated than that of III. This additional logic does,
however, reduce most of the non-linear differential equations that are
present in Method III to linear time varying differential equations. Since
the latter is, in general, just as difficult to solve numerically as the non-
linear case, Method III appears superior to both I and II. It may be possible
to substantially reduce the logic required in Methods I and II by analytical
differentiation at the component level and forming the differential equations
given in Equations 36, 42, 48, 49, and 50 with a computer.
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INTRODUCTION

The increasing complexity and cost of systems places an ever greater
burden on systems analysis. Analytical methods for conducting such an
analysis have been weak in many areas. The PRESTO concept of simu-
lation and optimization is a step toward improving systems analysis
techniques.

System reliability is a major portion of the systems analysis problem.
Since analytical methods have been either inadequate or impractical or
both, the simulation and analysis of system reliability has been more
an art than a science. However, increasing importance is being placed
on system reliability. Therefore, in developing PRESTO major
attention has been devoted to system reliability.

The focal point of the reliability study was the development and appli-
cation of a Reliability Simulator. This simulator is an integral part of
the PRESTO concept. As in other areas of simulation within the frame-
work of the PRESTO concept, the modern high speed digital computer
has been utilized in simulation to effect mathematical model generation.
This appendix contains a description of the mathematical basis for the
Reliability Simulator, with the basis being derived from a system
reliability analysis technique known as RAPID*. Two computerized
versions of the simulator are also presented.

* Reliability Analysis and Prediction Independent of Distributions.




RAPID TECHNIQUE

Functionally, RAPID may be considered to involve two distinct phases:

e A Simulation Phase, and
® An Analysis Phase.

The simulation phase requires a symbolic representation of the system
under study. This representation consists of defining the system as
being composed of a finite number of physically or functionally connected
elements. These elements individually may be of different types such
as electrical, mechanical, hydraulic, or pneumatic. For each of these
elements, a set of element modes is described. The modes of failure
are also described for the system. These descriptions serve as inputs
to the simulation phase.

The inputs are analyzed to generate a probabilistic model for the
system, with the model taking the form of an algebraic equation which
can be evaluated to determine the probability of the defined system
mode (failure) occurring.

The analysis phase of RAPID utilizes numerical data concerning the
probability of the defined element modes occurring as inputs, along
with the probabilistic model generated during the simulation phase.
The model is then evaluated and the probability of the system failing
in the manner defined is calculated. Reliability is equal to one minus
this probability.

One significant feature of the RAPID technique is the fact that the entire
simulation phase, and hence the model generation, is completely inde-
pendent of the source of numerical data, Therefore, the numerical
data can be changed without generating a new model for the system.
This also permits a different failure distribution function to be used to
describe each element, if required.

Another feature of the RAPID technique is the ability to consider systems
with standby or parallel redundancy. This provides a distinct advantage
over the "'summing failure rate' technique. Various changes in en-
vironment can also be incorporated into the analysis as well as consid-
eration of non-catastrophic failures.

2.1 RAPID SIMULATION PHASE
This section describes the phase of the RAPID technique in which

a probabilistic model for the reliability of a system under consideration
is developed.
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2.1.1 System Description

The following network has been chosen to illustrate the tech-
nique and to define some of the nomenclature used in RAPID.

Figure B-1. Basic Example Network

In general, a system is considered to be composed of N physically or
functionally connected elements. For the system shown, N is three and
the elements are defined to be identical resistors denoted by E, , E,, and
E,.

3

The system is then described by identifying and specifying the allowed
element modes for each element in the system.

2.1.1.1 Element Mode

The modes of an element are defined to be a set of mutually
exclusive states available to the element. This set is all inclusive in
that the element must always exist in one of the defined modes. The set
of element modes for the ith element can be represented symbolically
by0,, 1,, ..., K,. This represents the K+1 element modes available
to element i.

The probability that element i exists in its K;th element mode can be
represented symbolically by P(K;), or alternatively by P(i, K). The
latter form will be used in this report.




By designating an element mode, K;, it is understood that the element

i also has element modes 0;,1;, etc. up to and including K, available to
it. Since the element modes for a given element are an all inclusive set
of mutually exclusive conditions available to that element, it follows
that

K
s  P(i,k) = 1.

k.
120

The logical union of element modes 1;,2;,...,K; is represented by the
symbol 0{. Therefore, by definition

o0 = 1 U2y ...Uk?*

Since the element modes are mutually exclusive, it follows directly
from the definitions that

P(i,00) = P(L,J2U ... UK)
= P(i,1)+P(i,2)+...+P(i,K) .
Therefore,
K
P(i,0)+ S PG,k = 1,
ki:l
or
P(i,0)+P(i,0") = 1.

The logical union of element modes 0; and 0; is represented symbol-
ically by A, and is referred to as the supermode of element i.

p(i,0)+P(i,0n = pO,Uo0) = PG,4) = 1.

*The symbols " U "and " ﬂ " signify the logical union and intersection
of events respectively.



For the system under consideration (Figure B-1), the element modes
for each element (resistor) are defined as follows:

Element Element Mode Element Mode
Mode Name Description
0 GOOD R, -OR<R<R, +3R
1 OPEN R>R, ¥9R
2 SHORT R<R, -8R

The underline is used here to denotethe mode number as a symbol and
not a numeric value. This can be shown graphically in the following
diagram.

2 o}
- - ™ ~N T

~—
Y R, R
3R 3R

Only one set of definitions is shown, since all three elements are iden-
tical in this example.

2.1.1.2 System States

A system state is identified by defining, for each element
in the system, the specific element mode in which the element exists at
a given time. For the system under consideration, one such system
state is identified by defining each resistor to be open. This system
state would be represented symbolically by

11.1..
-1-2-3

The total number of system states, S, for a system of N elements is
given by

N
s = I (Ki+1) = (K +Dx(Kp+1)x...x(Ky+1).
i=1
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In the formula above, the symbol K, is treated as a numeric value.
K, can be thought of as the "highest numbered element mode' for the
element i, as indicated in Section 2.1.1.1 above.

For the system of three resistors (Figure B-1), the total number of
system states, S, is equal to

3
)i (K, +1) = (2+1)x(2+1)x(2+1) = 27.
i=1

These system states can be listed symbolically as follows:

9, 0, 0,
0, 9, 1,
9, 0, 2,
9, 1, 9,
0, 1, 1,
0, 1, 2,
0, 2, 9.
9, 2, 1,
9, 2, 2,
=i 2, 9,
1, 9, 1,
1, 9, 23
2 1, 0,
1 1, 1,
1 1, 25
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—1 -2 -3
l| —2 13
ll gZ _2_.3
2 0 0
L -2 =3
2, 0, 1,
2 0 2
= -2 -3
&, _].'.2 9_3
1 1
I -2 -3
2 2
| 2 -3
0
1 2 -3
2 2 1
| 2 3
2 2 2
| 2 3

Identifying all the possible system states for a given system,completely
defines the system for the RAPID technique.

2.1.1.3 System Definition Array

Listing all the possible system states for a system of any
reasonable size is a formidable task, yet the system must be defined
for the simulation phase of the RAPID technique. This same information
is conveyed to RAPID in a shorthand notation, by means of the System
Definition Array (SDA).

The SDA is a single row array containing N entries for a system of N
elements. Symbolically, the SDA is represented as follows:

I—<| K.2—123"' EN'

Each entry represents the "highest numbered'' element mode for its
corresponding element. The first entry corresponds to element one,
the second to element two and so on.

For the example system of three resistors, the System Definition
Array is

K K K _,
- —2 3
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or

2,2,2,.

The subscripts can be dropped for simplicity since the subscript of an
entry is identical to its position in the array. The underline can also
be omitted, keeping in mind that the entry is a symbol only. Thus, the
SDA for the example system would be written as follows:

2 2 2.

2.1.2 System Mode Description

In addition to the System Definition Array, the RAPID technique
requires a definition of the system mode under consideration. In effect,
this consists of symbolically representing those system states which
constitute that particular mode of the system.

In the case of the example system, the system mode to be simulated
will be defined as an open circuit between terminals A and B. This
condition is represented symbolically by the following eleven system
states;

0, 1, 14
1 02 03
1, 0, 1,
1, 0, 23
1 12 03
1, 1, 13
1, 1 23
1, 22 03
1 25 14
L 2 23
2 12 13
2.1.2.1 System Submodes

The representation of one or more system states in a single
row or sequence of element mode symbols is called a system submode.
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A shorthand notation is utilized to convey all the system states which
represent this system mode under consideration to the simulation
phase of the RAPID technique.

In the example system, nine of the system states in the above listing
can be represented symbolically with a single row by the use of the
supermode A. This single row (submode) would be as follows:

1) 8; 4,

Associated with each system submode is the order of the submode.
The order of a system submode can be determined by inspection by
counting the elements that are not represented by a supermode
symbol. The system submode

1, 8,4,

would therefore be of order one, or a first order submode. A system
submode of order N for a system of N elements represents only one
system state. Submodes of order less than N represent more than one
system state.

2.1.2.2 System Mode Array

The System Mode Array (SMA) is a collection of submodes
which are sufficient to describe the entire system mode under consid-
eration. Only those system states which make up the system mode may
be included in the array.

By utilizing the element supermode symbol, the system states listed in
Section 2.1.2 above, for the open system mode, can be represented by
the following SMA:

0I 12 13
1I AZ A3
2, 1, 15.
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This SMA can be further reduced to two submodes by representing the
first and third rows by a single submode;

A1, 1

-2 -3

This submode, however, contains one system state which also appears
in the second submode of the above SMA. That state is

The SMA for the open system mode is thus reduced to two submodes
(dropping the subscripts as before),

1 A A
A 11

having a common system state, or "overlap,' between them. This SMA
is easily written from an inspection of the system (Figure B-1), by
recognizing that

a. The system will be open whenever element E,; is open,
regardless of the condition of element E, or element Ej .

b. The system will be open whenever element E; and element E 5
are open, regardless of the condition of element E; .

These two statements lead to the two submodes of the SMA, respectively.

The listing in Section 2.1.2 of all the possible open system states for
the example system, made the overlap in the final minimum shorthand
representation of the SMA easily detectable. For large systems com-
prised of elements having numerous modes, however, the listing of all
system states for the system mode under study is not practical, because
of the magnitude of the listing. The shorthand SMA representation must
therefore be allowed without regard to any possible overlap involving one
or more system states, yet the final system mode representation for
constructing a mathematical model must be a collection of mutually
exclusive system submodes. This difficulty is overcome by application
of the RAPID STRIP * process to the SMA, so that mutually exclusive

* Sorting Technique for the Removal of Intersecting Probabilities
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system submodes are assured in the mathematical model of the system
mode.

2.2 STRIP PROCESS

This process can best be explained by means of an example.
Consider the SMA for the open mode of the three resistor systems

1 A A
A1 1,

Let all the system states be represented symbolically by

(A A A)

and referred to as the available system states. Note that this is equiva-
lent to the SDA. The logical intersection of the first system submode
and the available system states is taken. This yields

(1aa) (aan) = (1A A).

The remaining states from this intersection comprise the available
system states and can be represented as follows:

(0 A D)
(24 A).

The second system submode is now logically intersected with these
available system states. This can be shown as

(A1 1) (0 A A)
(A1 1) (2 & D)

(0 1 1)

(2 1 1).
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This process of taking the logical intersection of successive system sub-
modes with the current available system states is continued until all the

system submodes have been considered. In the case of the example, the
process is complete.

The system states that make up the example system open modes are repre-
sented by the results from the above intersections;

(1 4 4),
(0 1 1),
(2 1 1)

Note that these are mutually exclusive. The subscripts on the rows are used
here to indicate which system submode yielded that particular row. The infor-
mation required for the generation of the System Mode Model is now completed.

2.3 SYSTEM MODE MODEL

The System Mode Model is an algebraic equation for the probability of
occurence of the system mode under consideration. This is obtained by
summing the probabilities of occurrence for the mutually exclusive rows
generated by the STRIP process.

The System Mode Model for the example system is given as follows:
P(SYSTEM OPEN MODE)=P(1,1)+P(1, 0)xP(2, 1)xP(3,1)+P(1, 2)xP(2,1)xP(3,1).

By factoring P(2,1)xP(3,1) from the second and third terms, the equation can
be rewritten as

P(SYSTEM OPEN MODE) = P(1,1) +[P(1, 0)+P(1,2)] x P(2, 1)xP(3,1).
The relationship of terms in the System Mode Model to submodes in the
System Mode Array can be made in the following manner. The Basic Submode
Probability will be defined as the probability of occurrence of a system sub-

mode, regardless of any overlapping. The Basic Submode Probabilities for the
example are given as

BP, = P(1,1) for the first system submode

B-17




and
BP, = P(2,1) x P(3,1) for the second system submode.

The probability of occurrence of the system submodes resulting from the
STRIP process, which has removed any overlapping of the original SMA sub-
modes, is called the Total Row Probability. For the first system submode,
the Total Row Probability is given by

TR, = P(1,1) = BP, .

The Total Row Probability for the second system submode is given by

TR, = [p(1,0)+p(1,2)]xp(2, 1)xP(3, 1)

- [_13(1,0)+1>(1,2)]pr2 )

The System Mode Model can now be rewritten as a series of algebraic
equations which collectively are identical to the above model for

P(SYSTEM OPEN MODE). For the example, the System Mode Model is written
as follows:

BP, = P(1,1)

BP, = P(2,1)xP(3,1)

TR, = BP,

TR, = [P(1,0)+P(1,2)] xBP;

P(SYSTEM OPEN MODE)

TR, + TR,-

This form of the System Mode Model is used because it lends itself to com-
puterized implementation. Note that since the Total Row Probabilities are
mutually exclusive (the result of STRIPing the SMA), there need be no term
of the form

-TRl xTR2

in the equation for P(SYSTEM OPEN MODE), as would be required for non-
mutually exclusive probabilities.
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2.4 RAPID ANALYSIS PHASE

This section describes the phase of the RAPID technique in which the
generated probabilistic model for the system reliability is used to calculate
system reliability as a function of time. The model for the three-resistor
example system is repeated here for easy reference.

BP, = P(1,1)

BP, = ©P(2,1)xP(3,1)

TR, = BP

TR, = [ P(1,0)+P(1,2)]xBP,

P(SYSTEM OPEN MODE)

TR, + TR,.

The first step required in order to make use of the model is to determine the
element mode probabilities found in the model. For the example system, the
following are required

P(1,0); The probability of element 1 being in the 0 (good) mode,
P(1,1); The probability of element 1 being in the 1st (open) mode, -
P(1,2); The probability of element 1 being in the 2nd (shorted) mode,
P(2,1); The probability of element 2 being in the 1st (open) mode, and
P(3,1); The probability of element 3 being in the 1st (open) mode.

Most element mode probabilities are dependent on the length of time the

element has been operating, from the time the element was placed into operation
(t = 0) until some later time, t. The distributions of element mode probabilities
as a function of time are therefore required.

2.4.1 Probability Distributions

The cumulative probability of occurrence of event as a function of
time will be referred to as the probability distribution for that event. The
mathematical expression describing this distribution for the modes of the
various system elements is required in the analysis phase of RAPID. A great
deal of investigation has been carried out in the field of reliability to determine
these functions for various component parts and equipments.

It has been generally shown that most electronic components follow an ex-
ponential distribution for the probability of failure at time t, having begun
operation at t = 0. That is,

Q(t) = 1-e->‘t, A = constant failure rate.
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Other types of components may follow different distributions; however, | ' .
Figure B-2 summarizes the probability distributions for the occurrence of a
failure, that have been found to be applicable for various types of components.

From the nature of failure distributions, it can be seen that the model for a
system must be evaluated for each point in time that the reliability value is
desired. This is required, since the element mode probabilities vary with
time.

The three resistor example system model will be evaluated to illustrate the
steps in RAPID analysis. Assume that the resistors follow the same proba-
bility distribution of failure given by

Q(t) = l_e-thXIO-s .

In addition, let

>
"

10 failures per 10% hrs. (generic failure rate)

and

K 10 (environmental factor),

and assume that the open and short modes of the resistors occur in the
following proportions:

Of all possible resistor failures occurring in a given time
interval, 90% will be in the open mode and 10% will be in
the shorted mode. These modes are mutually exclusive
and independent.

The probability distribution of the open and shorted modes can now be written
as

-6 _ -
Q () = 1o INEEIO® _ oy -90tx10

Q. (t) l_e-.l >\KtX10~6 = l_e-IOtXIO’G
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Figure B-2. Sample Cumulative Probability Functions
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Also, the probability of the "good'" resistor mode is obviously '

- -6 - -6

since
P(GOOD) + P(OPEN OR SHORT) = 1.

The model for the example system will be evaluated at time (t=10), given that
the system was operating satisfactorily at t=0. The element mode proba-
bilities have been found to be

-100tx10~8 _ e-1000x10'5

P(1,0) = 1-Q(t) = e = .999

-6 -6
P(1,1) = P(2,1) = P(3,1) = Q, (t) = 1-e~I0tx10 " _ 1_g-900x10 7 _ o009
-6 -6
P(1,2) = Q,(t) = 1-¢710tx1072 4 100x10 7 _ = 440y,
Note that

K

2 P(,k) =1,

ki =0

as pointed out in Section 2.1.1.1 above. The mode probabilities are used in
the model as follows
BP, = P(1,1) = .0009
2 -
BP,= P(2,1)xP(3,1) = (.0009) = .81x107°
TR,= BP, = .0009
6

TR,= [P(1,0)+P(1,2)] xBP,= (.9991)x.81x10 ° = .81x10°

-6
P(SYSTEM OPEN MODE @t = 10) = TR, +TR, =.0009 +. 81x10 = .000901.
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COMPUTER IMPLEMENTATION

The RAPID technique as described in this report has been fully implemented
on two computers. The two Reliability Simulators differ in the manner of
implementing the RAPID technique because of differences in the two
computer systems. The two simulators are presented in detail in the
following sections.

Section 3.1 describes the contents and use of Data Transmittal Forms
which have been designed for inputting information to the computer
programs. Sections 3.2 and 3.3 describe the methodologies and
programs used to implement the RAPID technique on the IBM 7090 and
the IBM 1620 systems, respectively.

3.1 DATA TRANSMITTAL

Explicit instructions are presented in this section for recording
reliability data in order to obtain a RAPID analysis. Forms have been
developed from which the data are directly recorded for computer
utilization. These Data Transmittal Forms (DTF) are identified by a
RAPID DTF number located in the title block of each form.

The blocks on each form are representative of the columns of an eighty-
column tabulation card. Each row on the DTF forms represents a card.
There are four terminologies used in this report with which the reader
may not be familiar. These are:

Floating point number,
Left justification,

Right justification, and
Alphanumeric characters.

peoy

A floating point number may be defined as one with a decimal point at
the beginning, at the end, or between any two digits of the number. Left
justification is the positioning of the left-most alphanumeric character
in the left-most position of the available field. Similarly, right jus-
tification is the positioning the right-most alphanumeric character in
the right-most position of the available field. Alphanumeric characters
consist of all the alphabetic characters (A through Z), all numerical
characters (0 through 9) and ten special characters: (.), (,), (+), ($),

*),. (), (), 0), (0, ().



3.1.1 Data Transmittal Form I

Data Transmittal Form I defines the system under consideration.
The system definition includes the following:

e TITLE CARDI

CODE:

SYSTEM NAME:

DATE:

e TITLE CARDII

H:

MODE NAME:

The CODE is a reference name under which

probabilistic results are permanently stored.

The SYSTEM NAME is the name assigned
to the system under consideration.

The DATE represents the time at which
the analysis was performed.

The H is a System Mode Symbol which
represents the particular system mode.

The MODE NAME is the name of the
system mode under consideration.

e SYSTEM DEFINITION CARD

NE:

SYSTEM DEFINITION
ARRAY:

e TIME CARDS
NT:

TIME:

The NE represents the number of elements
in the system.

The SYSTEM DEFINITION ARRAY defines
all the possible system states. The entries
of this array are the number of specified
element failure modes for each element in
the system.

The NT represents the number of tran-
sition times in the system mission.

The TIME represents the particular
transition times. These are normally the
times at which the environmental factors
change.

The J represents the number of desired
equal intermediate times at which output
data are requested in the interval defined by
the bounding transition times.

.
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3.1.2 Data Transmittal Form II

Data Transmittal Form II defines the System Mode under
consideration. The system mode definition includes the following:

e SYSTEM MODE ARRAY CARDS

NS:

SYSTEM MODE ARRAY:

B-29

The NS represents the number
of System Submodes (rows)
contained in the System Mode
Array.

The SYSTEM MODE ARRAY
(SMA) defines the system
mode under consideration.
The SMA consists of System
Submodes which are an
ordered sequence of element
modes.
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3.1.3 Data Transmittal Form III

Data Transmittal Form III defines the elements comprising
the system. The information required to define these elements includes ‘
the following:

¢ ELEMENT CARDS |

EN: The EN represents the Element
Number which is assigned to a ]
particular element in the analysis.

NAME: The NAME represents the name
of the particular element.

S: The S conveys the manner in which
the element mode probabilities
are to be determined.

LAMBDA: The LAMBDA represents the
' failure rate per million hours.
This entry is required only if
the probabilities are to be
computed from an exponential
failure distribution.

CODE: The CODE represents a name
under which the element mode
probabilities are stored.

MODE NAME: The MODE NAME represents the
name assigned to a particular
element mode.

C: The C represents the conditional

probability of occurrence of the
particular element mode.
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3.1.4 Data Transmittal Form IITIA

Data Transmittal Form IIIA conveys the information which is
essential when the element mode probabilities are computed from an
exponential distribution. The information required includes the following:

¢ ELEMENT K FACTOR CARDS

EB: The EB represents the element
number which is associated
with the particular block of
K factors.

EE: Occasionally the K factors of
several elements are identical.
If this occurs, and if these
elements succeed each other,
then the first and last element
numbers of this sequence are
placed in EB and EE respectively.

K FACTOR: The K FACTOR represents
the environmental factor for
the corresponding sequential
transition time interval.
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3.1.5 Data Transmittal Form IIIB

Data Transmittal Form IIIB conveys the element mode prob-
abilities which are discrete inputs. These probabilities are distinguished
from the computed ones in that they may not be related to any known
distribution. These probabilities must be given for all the transition
times and the intermediate times. The information required includes
the following:

¢ ELEMENT MODE PROBABILITY

CARDS

EN: The EN represents the particular
element number.

M: The M represents the par-
ticular element mode.

TIME: The TIME represents the
particular time.

PROBABILITY: The PROBABILITY represents

the probability of occurrence
of the particular element mode
at the corresponding time.

3.1.6 Data Transmittal Form IV

Data Transmittal Form IV serves as an aid to the analyst.
This form is not required, but it is often useful for discussion and
reference.
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3.2 IBM 7090 VERSION
3.2.1 Introduction

This section describes the methodology for system reliability
simulation as written for the IBM 7090 computer. Each step is illustrated
relative to a hypothetical system. A main computer program controls
the simulation, calling for subroutines to perform the required operations
as each data set is processed. All references to computer source
statements are in the MAD * language.

Simulation of system reliability is accomplished on the IBM 7090
computer by repeated application of the RAPID technique to auto-
matically generate the desired probabilistic models until all the data
describing the system in detail have been exhausted. The models are
contained in subroutines which are automatically constructed during the
simulation. The execution sequence for the subroutines is "nested" in
a manner unique to the sequence in which the input data are processed.

3.2.2 System Description

Figure B-3 is given as an illustration for this discussion.
Since the analysis is automatic and continues until all input data have
been processed, the system complexity has no effect on the simulation
process except to extend the total running time on the computer,

The system is composed of four functional levels. At the subsystem

level are three subsystems; SUBS1, SUBS2, SUBS3, the second two of
which have additional components at lower levels. These subsystems

are the "elements’ in the initial data set describing the SYSTEM. These
data define a system of 3 elements that is to be simulated. This is
designated System Number "1, ' and is completely simulated by generating
a computer subroutine named ""SYSTEM' before any lower functional
levels are considered.

The subroutine generated by the simulator uses the probabilities for

the various modes of the three elements SUBS1, SUBS2, and SUBS3.
These probabilities are defined in the SYSTEM subroutine by statements
calling either for computations using the exponential function or for
execution of other subroutines which are generated later in the simulation
procedure. It should be noted that these generated subroutines are not
being executed during the simulation. They are being constructed --
statement by statement -- for use in a reliability calculation at a later
time when simulation is completed.

*Michigan Algorithm Decoder; University of Michigan Executive System
for the IBM 7090 Computer, Ann Arbor, Michigan
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By noting the S codes (DTF III, col. 16) for the SYSTEM components
in Figure B-3, it can be seen that four separate simulations are per-
formed. That is, four subroutines having the names SYSTEM, SUBS2,
SUBS3, and EQUIP3 are generated by the simulator. These are nested in
their calling sequence so that a single execution statement is sufficient
to compute the system reliability when the simulation is completed.
This statement is

"EXECUTE SYSTEM. (PFAIL)".

The returned argument, PFAIL, is the probability of the SYSTEM
failure mode occurring for the mission described by the TIME CARDS
of the SYSTEM input data.

3.2.3 System Inputs

The RAPID Analysis Data Transmittal Forms are used for
inputting the data for simulation. However, there are two differences
in the entry of certain data on the forms:

a. DATA TRANSMITTAL FORM I (FIGURE B-4)
TITLE CARD 1
SN: The SN is the System Num-
ber of the system under
consideration. (Allowed
characters: Integer)

"SN" is an indicator for directing the reliability simulator
through the input data. The data are processed in increasing
SN order.

b. DATA TRANSMITTAL FORM III (FIGURE B-6)
ELEMENT CARDS

S: The S conveys the manner

in which the element is to
be modeled.
(Allowed characters: 0,1)

0 Element Probabilistic Model

An S code of "0" implies the element is comprised of components
at lower functional levels in the system. No failure rate exists
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for the element. A subroutine having the name of the element
must be generated. The element mode probabilities are com-
puted by this subroutine.

1 Element Exponential Failure Rate Model.

An S code of '"1" implies the element has no components at lower
functional levels in the system. A failure rate exists for the element.
The element mode probabilities are computed using the exponential
function.

The input data from DTF I for System Number "1'" are given in Figure
B-4. For this discussion, all elements will be assumed to have a
"good'" and a "failed" mode only. Thus, the SDA is given with ""1" for
each element.

The reliability simulator is capable of handling up to seventeen failure
modes for each of the elements having an S code of ''1", For the sake
of simplicity, however, this discussion is limited to a single failure
mode for each element.

The TIME CARDS from DTF 1 follow the SDA in the input deck. These
are stored for later use in any calculations of the system reliability.

It is required that all TIME CARDS be identical for the various num-
bered ""systems' in the simulator input data.

The SMA and SYSTEM element data are shown in Figures B-5 and B-6.

3.2.4 System Simulation

The input data for System Number ""1'" are processed by the
simulator. The complete data set is read before the RAPID technique
is applied to develop the model. The data are related in storage to
System Number by the use of double subscripts; the first is the System
Number and the second is the element number.

The SYSTEM model is developed and stored on magnetic tape in card
image form ready for insertion at a later time in the analysis into the
body of the subroutine called ""SYSTEM" which is about to be generated.

After the model is stored, the opening statements to the SYSTEM sub-
routine are written onto another tape. The element data in storage are
then analyzed, noting by the S code whether the element is comprised
of components at lower functional levels (S=0), or is represented by an
element failure rate (S=1).
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When an S code of ""1" is recognized for SUBS1, a statement is inserted
into the SYSTEM subroutine calling for another subroutine, which will
use the exponential function to compute P(1,1) and 1-P(1,1). These are
the probability of failure and probability of success, respectively, for
element "1" of the SYSTEM.

The data for element "2" (SUBS2) are processed next. Here the S code
is "0", and no failure rate is given. This is an indication for the sim-
ulator to insert the following statements into the SYSTEM subroutine
being constructed:

1) "EXECUTE SUBS2. (PFAIL)
2) P(2,1) = PFAIL
3) PP(2) =1. -PFAIL :

The first statement here calls for another subroutine, SUBS2, which
will need to be generated later in the analysis. This is how the execu-
tion of the various subroutines is "nested" in the SYSTEM subroutine
in a sequence unique to the input data.

As each element is reviewed, statements are inserted into the sub-
routine being developed. The probability of failure and the probability
of success for element "2'" are defined in the SYSTEM subroutine by
the presence of program statements 2) and 3) above.

An identical situation to that described for SUBS2 occurs for element
"3'" (SUBS3). The S code of "0" results in generation of the following
statements for the SYSTEM subroutine;

"EXECUTE SUBS3. (PFAIL)
P(3,1) = PFAIL
PP(3) = 1. -PFAIL".

Analysis of the input data for describing SUBS1, SUBS2, and SUBS3
as elements of the SYSTEM is now complete. The SYSTEM model is
read from the tape where it had been previously stored and is written
onto the tape where the SYSTEM subroutine is being developed.

The model resulting from application of the RAPID technique to a par-

ticular SDA and SMA has a standard form. That is, the model is given
in executable subroutine statements which occur in a standard sequence.
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The first series of statements define the probability of occurrence of
each row in the SMA, regardless of whether or not "overlap' exists
among rows (whether or not the row probabilities are mutually exclu-
sive). These are the basic row probabilities, BP(i).

The next statements in the model are the probabilities of each row
occurring with any overlap among rows removed. This reduction of
the SMA to contain only rows whose probabilities are mutually exclu-
sive is accomplished by the RAPID logic. These probabilities are
known as the total row probabilities, TP(i).

The next series of statements written on the tape where the SYSTEM
subroutine is being developed are for summing the total row probabil-
ities to compute the SYSTEM unreliability. In addition, the necessary
closing subroutine statements are written at this time,

A complete subroutine called SYSTEM has now been generated and
exists on a magnetic tape ready to be translated from the source lan-
guage to object code. The control program accomplishes this trans-
lation and the object version is again stored on a tape until it is needed
in a calculation of the SYSTEM reliability. Figure B-7 is the complete
SYSTEM subroutine in the source language.

When the analysis at the system level is completed, the next input

data to be processed will be for the subsystem functional level of the
SYSTEM. Each subsystem which appeared with an S code of '"0"

when analyzed as a SYSTEM element must now be treated as a "system"
itself in order to generate the additional subroutines needed. Thus,

the procedure followed in generating the SYSTEM subroutine is applied
again.

The initial subsystem data card from DTF I will define the SUBS2 as
System Number '2'" to be modeled. The SDA and SMA for this system
will be as follows:

SDA SMA
[1 | 12] 1, AP
A, 1,
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EXTERNAL FUNCTIUN(SUMTP)
ENTRY TO SYSTEMe

PRUGRAM CUMMON NEL(10) «NS(10)eNTeTT(10)eT(10%10U*]19)eXIPT(150)

1C1(10%15)+SDA(10%15)
DIMENSION BP(100)+TP(100)+P(30%5)+PP(30)
INTEGER JeNEL ¢NSeNT +SDA
EXECUTE PEXPe(PePPe 1)
EXECUTE SUBS2.(PFAIL)
P(2+e1)=PFAIL
PP(2)=1e-PFAIL

EXECUTE SUBS36(PFAIL)
P(3¢1)=PFAIL
PP(3)=1e~PFAIL
BP(1)Y=P(1+1)

BR(2)=P(2+1)

BP(3)=P(3.1)

TP(1)Y=BP(1)
TRP(2)=BP(2)*%(PP(1))
TP(3)=BP(3)X¥(PP(1)*¥PP(2))
SUMTP=0,

THROUGH LAFOR J=1e10eJeGeNSI(])
SUMTP=SUMTP+TP(J)
FUNCTION RETURN

END OF FUNCTION

NOTES:

1 Opening statements of SYSTEM subroutine

2 Result of finding code = 1 for SUBS1. The
three arguments indicate that P(1,1) and
PP(1) for system number "1'" will be cal-
culated from the exponential function. Note
that PP(1) = 1.-P(1,1).

3  Result of finding code = 0 for SUBS2

4 Result of finding code = 0 for SUBS3

5 SYSTEM Model

6 Sum individual row probabilities of SMA

7 Closing subroutine statements

Figure B-7. SYSTEM Subroutine
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The SUBS2 model is developed by application of the RAPID technique to
these data and it is stored on the temporary tape, just as in the SYSTEM
analysis. It can be seen from Figure B-3 that processing the SUBS2
data will yield a subroutine statement calling for the exponential function
to compute the element failure and success probabilities for EQUIP1 and
EQUIP2. The SUBS2 model is read from the temporary tape and written
on the subroutine tape. The summing statements and closing statements
are then written to complete the SUBS2 subroutine. See Figure B-8 for
the SUBS2 subroutine.

The SUBS3 data result in a call for the exponential function and for a
subroutine called EQUIP3. The EQUIP3 subroutine requires the
exponential function again.

Figures B-9 and B-10 illustrate the SUBS3 and EQUIP3 subroutines.
Review of Figures B-9 through B-12 will make it clear how the execu-
tion of all the subroutines is accomplished by a single call,
"EXECUTE SYSTEM. (PFAIL)".

3.2.5 Program *

The Reliability Simulator on the IBM 7090 computer is com-
posed of two parts. In order to make the simulator capable of analyzing
large systems comprised of elements having numerous modes, some
relatively large areas in memory must be reserved, thus requiring the
simulator to exist in two core loads. The main program for each of
the loads and their associated subprograms are briefly discussed below.
The execution sequence of the two core loads is followed for each
"system'' simulation, with the resulting reliability model being stored
on magnetic tape for future use. Following is a listing of the simu-
lator programs with a brief functional description for each one.

Core 1 Main Program:

Figures B-11 and B-12 present the logic-flow chart and program
listing for the Core 1 main program. This calls upon the
various subprograms indicated to determine the validity of the
input information and to prepare it for the second core modeling
operations.

Core 1 Subprograms:

RAPO1 (Figures B-13 and B-14)

This subprogram reads the cards containing the DTF I informa-
tion. Checks are made on each input card to assure the data
are in the proper order and some symbolic coding of the System
Definition Array is performed also.

*All figures mentioned in this section will be found in the end of this

section.,
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LA

LA

EXTERNAL FUNCTION(SUMTP)

ENTRY TO SUBSZ2.

PRUGRAM COMMON NELC(10)sNS(I10)eNToTT(10)eT(10#10%15)eXIPT(150)
1C1C10%15) «SDA(10%*19)

DIMENSION BP(100)e¢TP(100)+P(30%5) PP (30)
INTEGER JeNEL sNSeNT +SDA

EXECUTE PEXPe (PePPs2)

BP(1)=P(1+1)

BP(2)=P(2+1)

TRP(1)=BP(1)

TRP(2)=BP(2)*%(PP(1))

SUMTP=0,

THROUGH LA OR JU=leleJeGeNS(2)
SUMTP=SUMTP+TPR(J)

FUNCTION RETURN

END OF FUNCTION

Figure B-8. Subsystem 2 (SUBS2) Subroutine -- Sample System

N

EXTERNAL FUNCTION(SUMTP)

ENTRY TO SUBS3.

PROGRAM COMMON NEL{(10)sNSC(10)eNTsTT(10)eT(10%10%15)+XIPT(150)
1C1(10%15) «SDA(10%*15)

DIMENSION BP(100)+TP(100)P(30%5)+PP(30)
INTEGER JsNEL «NSeNT+SDA

EXECUTE PEXPe (PePP¢3)

EXECUTE EQUIP3«(PFAIL)

P(2e¢1)=PFAIL

PP(2)=1.—-PFAIL

BP(1)=P(1s1)

BP(2)=P(2+1)

TP(1)=BP(1)

TP(2)=BP(2)*(PP(1))

SUMTP=0,

THROUGH LAOR J=1el1eJeGeNS(3)
SUMTP=SUMTP+TPR(J)

FUNCTION RETURN

END OF FUNCTION

Figure B-9. Subsystem 3 (SUBS3) Subroutine -- Sample System
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LA

EXTERNAL FUNCTION(SUMTPR)

ENTRY TO EQUIP3.

PROGRAM CUMMON NEL(10) eNSC(10)eNTeTT(10)eT(10%10%15)eX[PT(150)
1C1C10%15)+SDA(10¥15)

DIMENSION BPR(100)sTP(100) +P(30%5)+PP(30)
INTEGER JeNEL ¢NSeNT«SDA

EXECUTE PEXPes(PePP4&)

BRP(1)=P(1+s1)

BP(2)=P(2+1)

TP(1)=BP(1)

TRP(2)=BP(2)*¥(PP (1))

SUMTP=0.

THROUGH LAOR J=1eleJeGeNS(4)
SUMTP=SUMTP+TP(J)

FUNCT]ION RETURN

END OF FUNCTION

Figure B-10. Equipment 3 (EQUIP3) Subroutine -- Sample System

RAPO2 (Figures B-15 and B-16)

This subprogram reads and checks the system Mode Array
(DTF II). The data on each SMA card are symbolically coded
and stored in three specialized tables. This minimizes the
amount of storage taken up by the SMA, since the element
supermodes are not stored. Their presence is noted by the
sequence of the table entries only.

RAPO7 (Figures B-17 and B-18)

This subprogram reads and checks the cards containing the
DTF III information; element descriptions. The number of
modes for each element as indicated in the SDA, is checked
with the inputs. Any inconsistencies will cause a diagnostic
comment to be printed and the simulation of the current
""system' to be terminated.

The numbering of the RAPID subprograms is not sequential in
the Reliability Simulator on the IBM 7090. There are two
reasons for this. The first reason is that the number assigned
to the subprograms which perform identical functions in the
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two versions (IBM 1620 and IBM 7090) was kept the same, but .
the IBM 7090 version does not require some of the IBM 1620

""utility" functions to be performed. The manner in which the

function is performed in the subprograms having similar

numbers differs considerably between the two versions. The

second reason for non-sequential numbering of the subpro-

grams in the IBM 7090 version, is that the operations during

the modeling phase are performed in a slightly different order

than on the IBM 1620 version.

RAPO8 (Figures B-19 and B-20)

This subprogram reads and checks the K factor information
(DTF IIIA). Each element having an "S" code equal to ''1" on
DTF III must have a K factor associated with it for each time
interval as definedon the TIME CARDS which were read by
RAPO1. The inputs must be in sequential order by element
number, so that an array can be loaded with the K factors with
unique identification of each K with the correct element.

ALOAD (Figures B-21 and B-22)

This subprogram performs the single function of loading an array
called "A'" with symbolic information relating to the SDA.

Core 2 Main Program: (Figures B-23 and B-24)

After Core 1 has accomplished all the functions described above,
the computer memory is loaded with another main program called
CORE 2, with its associated subprograms. The only part of
CORE 1 that is retained in memory is an area called "Program
Common, ' which contains critical information needed by CORE 2.
This serves as a ""communication' area between core loads.

The process of constructing the subprogram containing the model
for the system being simulated is accomplished in CORE 2. The
available information is analyzed to generate the reliability model
which is temporarily stored on magnetic tape. The subprogram is
then developed, one statement at a time, and the model is inserted
at the appropriate point in the process. CORE 2 then calls upon

the computer executive system to compile the generated subprogram
and store it on magnetic tape.
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Core 2 Subprograms:

RAP04 (Figures B-25 and B-26)

This subprogram generates the basic probability equations
[BP(i)] for the reliability model, directly from the SMA
information. These are the opening n statements of the model,
where n is the number of system submodes in the SMA.

RAPO03 (Figures B-27 and B-28)

The major logic involved in generating the total probability
equations [TP(i)] for the reliability model is incorporated in
this subprogram. Each row of the SMA is analyzed to remove
the "overlap'" among the submodes. This assures that the final
system submode probabilities are mutually exclusive in the
reliability model. The equation is in symbolic form when RAPO3
has completed the submode analysis.

EQLOAD (Figures B-29 and B-30)

This subprogram is called by RAP03 each time a submode has been
analyzed to load the submode probability equation onto magnetic
tape. This is accomplished by processing the symbolic represen-
tation of the equation and placing characters onto the tape in the
image of source program statements.

The function of the above programs is only to simulate a system. The
execution of the subprograms generated by the simulator in order to
evaluate system reliability must be performed in a separate program
existing as a third core load. This core is automatically loaded after
all models have been generated by CORES 1 and 2.

PEXP (Figures B-31 and B-32)

This subprogram is loaded with CORE 3 to calculate the element
mode probabilities from the exponential function, as required.
It is actually called by the generated subprograms comprising
the system reliability model whenever a probability is required
for an element having a failure rate associated with it.
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ENTRY

SET UP

LZERO AND RZERO

IS
ERROR=1

NO

ERROR=0

EXECUTE
RAPOA. NEL(SN)=NEL
J=Jd+1 J=1
SDA(SN,J)=LSDA(J) JSNEL

EXECUTE
RAPO7.

LAMBDA({SN,J) =XL{J)

J=Jd+i J=1

J>15

Ci(SNJ)=CC1(J)

L]

IS
YES <ERROR:= 1
EXECUTE
RAPOSB.
YES

1S
ERROR

Figure B-11.
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EXECUTE
RAPO2.

( EXIT )

SELPGM.(2)

“CORE 1 COMPLETED"

PRINT

NO
=1

Core 1 Main Program, Logic Flow Chart
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MAIN PROGRAM

FOR RAPID CORE 1

ee e o DEFINITION OF PROGRAM VARIABLESseee

A(1000+ADIM)

ADIM(2)
AVAIL (25)
CCl(15)
Cl1(10%19)
CODE(19)

LAMBDA (150eLDIM)

LDIM(2)
LD(46)
LN(46)
LS(8)
LSDA(S0)
LZERL

MNAME (60%3)
NAME (30%2)
NEL (30)

NIT(10)
NT

NS(10)
RZERO

S(15)
SOA(10%*15D)
TC1O*¥10%*15)
TI(50)
T2(50)

T3(50)

TT(10)
XL (15)

Figure B-12.

WORKING ARRAY TO STURE RESIDUES DUKING STRIP

DIMENSION VECTOR FOR A.
ORIGINAL SYMoOULIC SDA FOR CURRENT SYoTEmM

CURRENT COUNDe
COND e
COvt NAMCS =
FAILURE RATES BY 5YSe
DIMENSION VECTOR FUR LAMDBDDA -
CURRENT SYSTEwMm

tl-e

PROB e

PROLB o
LIST BY SYSTEM NOe
CURRENT 5YSTem

LIST

(6 blL CHAR)

NOUe AND kLo
USES SETe SUCDR e
MODE NAME (CENTEREDL)

CURRENT SYSTEM NAME
CURRENT SYSTeM CODE NAME
CURRENT SYSTEM SDA -

SYMBOLIC WURD WITH ZEROeS
IN RT HALF

BITS

(CENTERED)

NUT SYmMsouLIcC

IN LEFT HALF AND 1

MUDE NAMES FUR ELEMENTS — CURRENT SYSTEM

ELEMENT NAMES — CURRENT SYSTEM
OF clLEMENTS BY SYSTEM

NO o

CURRENT SYS,)

NQe OF
NG

TRANSITION TIMES
NUes OF SUBMODES BY SYSTEM NO.

SYMBOLIC WURD WITH ZEROES
IN LEFT HALF

BITS

S CODE FOR ELEMENTS

SDA BY SYSTEwM
K FACTORS BY SYbse

NO o

(NEL(O)=

INTERNAL TIMES bETWEEN N AND
OF TRANSITION TIMES

FOr

(N+1) o7

IN RT HALF AND 1

IN CURRENT SYSTeM

AND ELEMENT NOe
NOe s

TIimE

INTes

NOT SYMmpULIC
AND ELe

ELEMENT UDESIGNATION FOR SMA SHORT FOURM

MGDE NOe

FUR THE tLe

SMA SHORT FORM
ORGAN] ZATION OF SMA gBY

INDICATES POSITION

TRANSITION TIMES
CURRENT SYSTEM ELEMENT FAILURE RATES

Core 1 Main Program, Program Listing (1 of 2)
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IN T1

TUENe

INCe

PUSITIUN

IN T1

ORDER OF ROWS -
WHERE ROwW bEGINS.

NO e



LOOP

RAP 1}

L1

L3

L2

R oe0 e PROGRAM LISTINGes oo

N'R

FOT TTeLAMUBDAWCL +TeCCloeXL

D'N CCl1(19)NAME(30%2) MNAME (60%#3) 4+ XL (15)

V'S ADIM=241,40

EQUIVALENCE (ADIM(2) +NPL102)

V1S LDIM=SET ¢4040

V'S ZZ2Z2Z= 04040

PIN LZERUWRZERUSA(LIOO0SAUIM) s AUIMsT1I(D0)eT2(50)¢T3(50)
IAVAIL (29) +SDA(10%#15) «eNS(10) s NEL(3U) 1ERRURLS(B) ¢+LiN(46) sLL(46)
2eTTC1O0YNITC10)eS(15)sLAMBDA(1S0eLDIM) ¢22ZZ«NTsSNsCODE(15)C1
3(10%15) ¢ T(1O¥10%]15) sLSDA(D0) ¢+ MUOWDAY YR

LZERO=0

T'H LOORPWFUR C=0419CeGel?

TEMP=1eLSeC

LZERO=LZERO.V sTEMP

RZERO=LZERQO.LSe 18

W'R ERROReLel1¢+T*O RAPI

ERROR=0

EXECUTE RAPO] e (LS eLNeMOsDAY ¢ YR ILUINEL s LSUA 1A ¢ERRURINT s TTeNITo
1AVAIL «NPL102+SN)

NEL (SN)=NEL

T'H L1+FOR J=1eleJeGeNEL

SDA(SNs+J)=LSDA(JY)

PRINT BCD RESULTS LRRORILS(1)eeelS(B)eLN(1)oeoelN(4E6)sLU(1)00oe
1LD(46)

P1S NEL«LSDA(]1)eeolSDA(S0) «NELI(SN) ¢+SDA(ISNI 1) eeeSDAISNINEL (SN)
1)

PRINT UCTAL RESULTS A(lel)eeseAlls(NEL+1)Y/2)

EXECUTE ALOAD(NELLSDAJAJAVAIL)

PRINT OCTAL RESULTS A(lsl)eeeA(l s (NEL+1)I/2)

EXECUTE RAPQZ2 o (INELsNSILN) s T1eTZeLODAERRURSTI)

P1S T1(1)eeeT1(D0)eT2(1)eeaT2(20)9T3(1)eeeTI(20) bRRUR

WtR ERROReE«1+T*0O RAPI

EXECUTE RAPO74¢ (NAME +SeXL oLSDA ¢ iNAME ¢ CC 1 o ERRURNEL ¢ CUDE)

T'H L3¢FOR JU=1slsJeGeNEL

LAMBDA (SN J)=XL (D)

PtS CCleeeCC1(10)

TI'H L2+FOR J=14leJeGel5

Cl(SNsJ)=CC1(J)

W'R ERRORE«1+4T'0 RAPI

EXECUTE RAPO8Be(NEL «NT ¢S e T osERRORISIN)

WIR ERROReES1¢T1'0 RAP]

PRINT COMMENT $0 CORE 1| COMPLETELS

EXECUTE SELPGMe(2)

E'M

Figure B-12. Core 1 Main Program, Program Listing (2 of 2)
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IS P —
ERROR= 1 LOOKOFATN(E:Q%: 80 REAADNSARD
DATA CARD DISCARD IT
ERROR:=0
READ DTFI
CARD (TYPE 1)
T F
TYPE 2 CODE SYSTEM
CARD (LS ARRAY) NAME
NO
READ TYPE
NN 3 CARD
PRINT COMMENT
" ____ CARD OUT
OF SEQUENCE"
PRINT

"NUMBER OF
ELEMENTS
EXCEEDS 50"

CONVERT OCTAL SDA
'DA';TN;ET ENTRIES TO
IGNORED" INTEGERS 1-17
ct
l PRINT INTEGERS|OCTAL [FORMAT
"ERROR 0 00 [
ERROR:= 1 IN SDA" ; o S
2 02 2
3 03 3
4 04 4
5 05 5
6 06 6
7 07 7
8 10 8
9 11 9
10 21 A
B - LR
TYPE 4 ALOAD
CARD 13 24 0
14 25 E
15 26 F
16 27 G
T FUNCTION ARGUMENTS by 50 n
I>NT RETURN INPUTS [ OUTPUTS
YES Tl=I+5 F ta
MO
DAY
NO (READ NEXT | YR
TYPE 4 LD
CARD NEL
sDa
A
ERROR
NT
TT
NIT
AVAIL
NPL102
SN

Figure B-13. RAPO1 Subprogram, Logic Flow Chart
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LOOK

RD1

LPt

LP2

LP3

LPa

o0 0 ePROGRAM LISTINGeo oo

R READ DATA TRANSFORM1 4RAPO1

R

R ee s o DEFINITION OF PROGRAM VARIABLESesee

R

R LT(50) WORKING ARRAY FOR CENTERING INPUT
R MARK [eLe NOs IN COLe 80 OF INPUT CARDS
R

R

R

EXTERNAL FUNCTION(LS sLINeMOsDAY sYReLD oNEL ¢ SDA WA«
1ERRORWNT s TTeNITosAVAIL «NPL102¢SN)

ENTRY TO RAPO1l

NtS INTEGER

FIiT TT

D'N LT(50)

PROGRAM COMMON LZEROsRZERO

R IF ERRORWFIND BEGINNING OF NEXT DATA SET
R

W'R ERRORWE 1
LOOK AT FORMAT FMT+MARK
VIS FMT=$S79411%#%
WIR MARKeNE o1
ReT FMT1
VIS FMT1=%580%%
TeO LOOK
E'L
ERROR=0
T'O RD1
E'L
R READ TYPE 1 CARD
R'T DTF119LS(1)eeelS{B8)eSNILN(1)eoe ol N(46) s MOIDAY s YRIMARK
VIS DTF11=253¢8C1lell1eS9¢46C1le55:413%%
W'R MARK:NE o] « TRANSFER TO MRKERR
R
R READ TYPE 2 CARD
R
R'T DTF12s LD(1)eoselD(46) s MARK
V'S DTF12=%517+46C1+S16411%3%
WIR MARKeNE e2¢ TRANSFER TO MRKERR
R
R LEFT JUSTIFY SYSTEM CODE
R
TIH LP1sFOR JU=191eJeGe8
LT(J)=LS(J)
1=0
T'H LP2¢FOR J=141+JeGe8B
WI'R LT(J)eNEs$ $
I=1+1
LS(I)=LT(Y)
EL
WIR lelL o8B
To'H LP3+FOR J=I+19leJeGe8B
LS(U)=% %
EoL
R
R CENTER SYSTEM NAME
R
TOH LPG44FOR JU=leleJdeGedb
LT(J)Y=LN(WY)
WORK =}

Figure B-14. RAPOI Subprogram, Program Listing (1 of 3)
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NAME S

OO!I'!

0003

0004

0006
0007

0008
0009
0010
0011
oole
0013
0014
0015
colé6
0017
0018
0019
0020
o0o21
ooz2
0023

00co6
00&7
00e8
0029
0030
0031

0032
0033
0034
0035
0036
0037
008
0039
Q040
0041l

0042
0043
0044
0045
0046
Q047
0048
Q049
0050
0051

00%2
0053




T*0 CENTER
BACK TtH LP7sFORJI=1019JJeGel

LP7 LN(JJ)=% %

Jd=JJ-1

T'H LP8FOR J=sK+19leJeGed46-1

JI=JJI+1
LP8 LN(JN) =LT(J)

TtH LPGWFOR JdsJdJd+lel eJJeGed6
LP9 LN(JU)Y=S $

TrO CMN

R CENTERING ROUTINE
CENTER
LPSeFOR JUz=1lsleJeGedb
LT(J)eEe® %
1

LPS
ouT
LP6+FOR JUs469=1eJeEel
LT(J)eEeS $

1

LP6
AVG I1+x) /2
WORKeE o 1
T*0O BACK
O'E
T*O NEXT
E'L
R
R CENTER MODE NAME
R
CMN T'H LP10+FOR J=1414JeGe4sd
LP10O LT(J)=LD(J)
WORK=0
T*O CENTER
NEXT T*H LP11eFOR JJ=1eleJdJeGel
LP11 LD(JUY=% %
Jd=JdJ-1
TIH LP12+FOR JU=K+1eleJeGed6-1
JI=JdJ+1
LP12 LO(IU)=LT (YD)
T'H LP13+FOR JJsJJ+leleJJeGed6
LP13 LD(uJ)=3% &
T*O RD3
R
R CARD SEQUENCE ERROR
R
MRKERR P'T MERR+MARK
V'S MERR=$1HO s I3¢529cOHCARD OUT UF SEUWUENCE*$
T*0O IGNORE
1 GNORE PRINT COMMENT $0 DATA SET IGNOREDS
ERROR=1
T*+O LOOK
R
R READ SYSTEM DEFINITION ARRAY(TYPE 3 CARD)
R
RD3 R'T INeNEL+SDA(1)eeeSDA(D0)+MARK

EMrMA0 - EA4~M40X&EAA

Figure B-14. RAPO1 Subprogram, Program Listing (2 of 3)
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0054
005>
0096
0057
0058
0059
0060
0061

006e
0063
0064
0062
0066
0067
0068
0069
0070
0071

0072
0073
0074
0075
0076
0077
0078
0079
0080
0081

oos8e
0083
0084
o085
00g6
0087
oQus
Qw9
0090
0091

0092
0093
0094
GQo95
0096
Q0ovw7
0098
0099
0100
0101

0lQe
0103
0104
0105
Q106
0107
0108
0109
Q110
0111

olle
o113



LP14

LP1S

LP16

SDAERR

RD4

LP17

VIS IN=$I13+3517400RZCLeH9011%%
W'R MARKeNE ¢3¢T*0 MRKERR

R CHECK SDA ENTRIES AND CONVERT

R
W'R NELeGe50

PRINT CUMMENT %0 NUMBER OF BLovenNTS EXCobbb50%

T'U IGNORE

LP144FOR J=1s1eJeGeNEL

SDAERR

LP15+FOR J=JsleJeGeS0O
SDA(J) o NE ¢ 60K
SDAERR

LP16+FOR J=1leleJeGeNEL
SDA(J) eE e 10K
sDA(JU) =8
O'R SDA(J)eELl11K
SDA(J) =9
OtR SDA(J)eEe21K
SDA(J)=10
O'R  SDA(J)eEe22K
SDA(J)Y=11
O'R SDA(J) sEe23K
SDA(J)=12
O'R SDA(J)eEe24K
SDA(J)=13
OtR SDA(J) ek e25K
SDA(JY=14
O'R SDA(J) eEe26K
SDA(J)Y=15
O'R SDA(J) eEe27K
SDA(J)Y=16
O'R SDA(J) eE e 30K
SDA(J)Y=17
E'L
NPL102=(NEL+1)/2
EXECUTE ALUAD(NEL«sSDAWAAVAIL)
T*O RD4
R ERROR IN SDA ENTRY
R
PRINT COMMENT%$O0 ERROR IN SDAS%
T'O IGNORE
R
R READ TYPE 4 CARDLS (TIMES)
R

E4MAs 1AM 4M
DIrFrCcClIroxIr

RYT DTF14oNToTTCI)eNITC(I)oTTC2)eNIT(2)eTT(3)eNIT(3)

1TT(4) s NIT(4) o TT(S)«NIT(S) e MARK

V'S DTF14=3513+45(S14F10e2¢S51013)eS1411%$
W'R MARKeNE ¢4 ¢ TRANSFER TO MRKERR

T'H LP17+FOR 126454 1eGeNT

RIT DTFL1G41«TTCI)eNITCI) o TTCI+1)eNITCIH+1)sTTCIHZ2)
INITCOI+2) o TTCI4+3) oNIT(I+3)eTT(I+4) +NIT(I+4) s MARK
VIS DTF141=85305(S1eF106e29S1013)eS51011%%

W'R MARKeNE ¢4 ¢ TRANSFER TO MRKERR

CONT INUE
FIN
E*N

Figure B-14. RAPO1 Subprogram, Program Listing (3 of 3)
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SDA(J) eE 0o eORe SDA(JU) eEeb60OK sOR4SDA(J) e Goe 30K

01’
ol
0117
o118
0119
01«0
Olcl
0lecl
0123
0124
01e5
0126
0127
Olcg
0l«y
0130
0131
0132
0133
0134
0135
0136
0137
013u
0139
0140
0l41
0142
0143
Ol 44
0145
Old4o
Qla7
0148
0149
0150
0151
0152
0153
0154
Q155
Q0157
0158
Q1909
0160
o161
Qléee
Olod
0164
0165
0166
0167
0168
0169
0170
0171
Q17
0173
0174
0175




( ENTRY )

READ AND

PRINT FIRST

OFT II CARD
TYPE §

'

NEG=0
KI=0
L=1

READ AND

PRINT NEXT

DTF I CARD
TYPE &

T1 (Kt)=
T2.(K1)=E(S)

T

Ki=K4+1

INERR
ROUTINE
SSMERR
ROUTINE

T
INC =sINC+1

YES
IS
E(J)=BLANK
IS
EWJ) =BLANK

K1=K1 +1
T1(K1) =0

NO

J=J+1 J

"
[

J>50

L=L+1

YES

NEG=NEG+1

PRINT COMMENT
SMA HAS EXCEEDED
T4 AND T2

Figure B-15.

FUNCTION
RETURN

B-65

NS=NS-NEG

GENERATE
T3 WITH SSM
IN INCREASING
ORDER

MR KERR
ROUTINE

ARGUMENTS
INPUT | OUTPUT
NEL NS
SDA T4

T2
ERROR
T3

RAPO2 Subprogram, Logic Flow Chart



ALPHA

LP1

Lr2

LOw

TEST

NXTCRD

ITRDXTIDTVDXLTTHBLDIODID

000 e PROGRAM LISTINGeoes

EXTeRINAL FUNCTIUN(NEL enNH o Tl e TosbURAsLkrURS T 35)
ENTRY TO RAROZ2.

N'S INTEGER

D'N E(50)eTa4(50)

R READ FIRST SSM

R

R'T SYALWNSesE(]1)eeet (DU) e MmARK

PtT SMALTLT NS eE{(]l)eeeE (20 ) ¢+ MARK

VIS SMATLI=BTIHO e I3eS10e5012¢59011 %%
Vs

L=1

K1=

SMALI=513¢S517+5011459011%%

WIR VMAKKeNE e D¢ TRANSFER TU VikSE iR
INC=0

TeH Li2le FUR J=1leleJdeGenNEL

WIR E(J)eEeDeANDsE(J) eRSel s NE WO
INC=INC+1

TtO LP1

E'L

W'R E(J)eGeONA(J) s TRANSGFER TOU INEKRZ
Kl1=K1+1

TI(K1)=J

T2(K1)Y=E(J)

CONTINUE

T'H LP2s FOR J=J ¢1leJeGe50

WIR E(J)eE oD oANDe E(J) eRSel sNEsUs TRANSFER TOU LP&Z
T'0 SSMERR

CONT INUE

L=L+1

WIR INCeE eNEL

NEG=NEG+1

TeO LOW

E'L

Kl=K1+1

T1I(K1)=0

W'R (K1I+NEL+1)eGel19500+4T*0O XEED
WIR LeNColNS+1 o« TRANSFER TO NXTCRUL
W'R NeGeNE o Qo NSENS=NEG

T*'O ENDRPZ2

R READ NEXT SSsM

R

R'T SMANl st (1)eeebt (D0) +MARK
V'S SMAN]1=3520¢2011959411%%

Figure B-16. RAPO02 Subprogram, Program Listing (1 of 2)
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READ ¢ CHECK +PACK SMA RARPOZ2 o
00 0 s DEFINITION uF PrROGRAnr VARIAOLESes s e

E(20) IINPUT ARKAY FuUk KLAULING A Ruw UF

INC CUUNTEK Fur NUe UF bLAINNS [N

<1 CURRENT RPUuLITIuN N Tl ANwu T¢

L COUNTER FOUR NUes OF ROuS IN SimA

MARK leDe NUe IIN CULe B0 UF INPUT CARDS
NEG CUUNTER Fur Nue UF TuTALLY GLANN RUWD
T4 (H0) WURKING AxKAY FUR CUNSTRULCTIING T3

[N

Ge
03

07
08
09
10
11l
12
ls

16
17
18
19
0
2l
ce
cJ3

4=

29

oS3
34

uL7Y
0174

oA

Ul e
Qlou
Olol

Olow
Oloo
Qlo7
Oloo
uloby
019G
0191
Ql9z
0192
0194
01/
0190
Ulvyy
Ocuvvu
0201
020z
[P-goN
0cO«
0205
0206
Q207
G£0o
0209
02 iU
0211
U2lc
Qelo
Oc i«
Y-y
ocilo
Q217
o218
021w
QccO
el
Qccc
025
Qcca
Q2eo
o2&
Occ/
Q2lo




P'T GMANWE(L )

e el (50) « MARK

V1L SMAN=21IHOS13450124¢590 1%

TrO ALPHA

CARD SEQUENCE ERROR

PY'T MERR s VMARK
V'S MERR=%$1HO,
T*O IGNORE

13¢549420HCARD QUT Ur SEGQUENCL#*$

SSM ENTRY EXEEDS ELEMLNT DEFINITION

P'T SSERReL ey

VIS SSERR=31HO« 10HSSM NUMBEKR IDe53 ¢ 33HCUNTAINS TLLEGAL

IOR ELEMENT s [5%%

R
R
R
MRKERR
R
R
R
INERRZ
R
R
R
SSMERR
1
R
R
R
XEED
1
IGNORE
R
R
ENDRP2
GAMMA
DELTA
ZETA
S1GMA

T'O 1GNORE

ENTRY IN SMA BEYOND LEGAL NEL

PtT SERRelsJ
V'S SERR=%1HO,

10HSSW NUMBER.[5e 37HCONTAINS A MUOL FUR UNUEF |

NED ELEMENT+15%%

T*O IGNORE

SMA TOO LARGE FOR THIS PRUGRAM

P'T EXEEDs (L=}

V'S EXEED=$%1HU+67HSMA HAS EXEEDED TABLES T1 AND T2,

)

ILL CONTINUE USING FIRSTe13413n ROWS OF SMA*$

T*O TEST

PRINT CUMMENT®O0 DATA SET IGNUREDLS

ERROR=1

BUILD T3 TABLE FOR SSMtS IN INCREASING ORDcRS

JJ=0

ORDER=0

OT=1

KK=0

T'H DELTAFOR
KK=zKK+1
T4(O0T)=KK

W'R OTeNEeNS
OT=0T+1

T*O GAMMA

Eel

KK=0

I1=1
ORDER=0RDER+ 1
T'H SIGMAFOR

JI=JU+1leleT1(JJ) ek e U

JJI=1e1leJJeGeNS

WIR T4 (JJ)eEsORDER

KK=KK+1
T3(KK)=11

E'L
II=11+4T4(JJr+1

WIR KKeNE«NSsT*tO ZETA

KK=KK+1
T3(KK)=0
F'N

E'N

Figure B-16.

RAPO02 Subprogram, Program Listing (2 of 2)
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PRUGRAM W

S0

38

>9

41

44

47

48

Occiy
0230
0231
0232
0233
0234
Oc oo
0c 36
Qc37
02348
Ocs9
0240
0c4l
Q24c
0243
Oc44
0245
0246
0247
0240
0249
0250
02vl
0252
0223
0254
02955
0256
[or-3=¥/
0258
Q229
0260
0271
Q272
0273
o274
0275
0276
Q277
Q278
0279
0280
0281
Q2be
0283
0284
02695
0286
0287
[oF=2-1}
0289
0290
0291
0292
0293
0294
[oF=3"1.)
03c6
0327
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ACiv
CCl(17)

CK(50)

CNT
CT
EN
MARK

DIV IVLIVDIUTXLTIADD

READ DATA TRANS FORM 3 +RAPO7.

eee o DEFINITION OF PROGRAM VARIABLESeeee

CUUNTER Fuk oStWULNTIAL PuoiTlun 1w C1
WURKING ARKAY FOR READING moues Fuk [inulVe
ELEMENTS

CHECKING AKRAY FUR READING DATA Qi EACH
ELEMENT

CUUNTER Fur SEGWUENTIAL PUSITION InN CC1
LOCATION FUR TOTALLING CUNDe PRUBGe

CURRENT ELEMENT NO,

SEUWUENCE Cwbk FUR INPUT CAkRuD

o0 0o PROGRAM LISTINGesee

EXTERNAL FUNCTION(NAMI ¢ SeLAMBOAsSUAMINAME ¢+ C1 sbkikURK s NLL s CULE)
ENTRY TO RAPO7e
D'N CK(50)«CC1(17)

N*'S INTEGER

FLUATING POINT CTel.AMLDA«CL1WCC1

R

R READ DATA TRANS FORM 3 (TYPE & CARD)

R
EXECUTE ZERO.
TOT=0
ACM=0

(CK(1)eeeCK(501})

T'H LP1FOR J=leleJaGeNEL
R'T DTF31sENoeNAME (ENo L) o NAME(ENZ) ¢S (EN) s LAMODUA(LIN) »

1CODE (EN) s MARK
VS DTF31=%51
1C6+S44,11%%

sl 1S1eCHe ClaS51allenlsFl0e2e520

WIR MARKGNE ¢6 ¢ TRANSFER TO MRKERR
WIR ENeGeNEL e ORENE 0 ANDaENeRS el e NEeOeORsENGE SO
P'S EN

T*O ELNERR
e

CKIEN)=CK(EN)+1

P*S CK(EN)
R

R READ TYPE 6 CARDS (MODES)

R
CNT=0
CT=0e

TrH LP34FOUR L=191eCNTeGEeSDA(EN)

P*sS CNT

R¢T DTF32¢MNAME (ACH+101) eooeMNAME (ACM+]1¢3)9C1 (ACM+1)

1MNAME (ACM+24 1

Yoo e INAME (ACM+203) «C1 (ACM+2) s MNAME (ACM+3 91 )eee

2MNAME (ACM+3¢3)¢C1 (ACM+3) +MARK

CCl(CNT+1)=C1
CClI(CNT+2)=C1
CCI1(CNT+3)=C1

(ACM+1)
(ACM+2)
(ACM+3)

WIR MARKeNLE o6 ¢ TRANSFER TU MRKERR
VIS DTF32=%54+¢3(Sce2 COHs C3e51+F0e2eS51) 0 l1%D

P'S CTJ+ACM

W'R CNT+3¢GeSDA(EN)
WIR CNT+2eGeSDA(EN)

CC1(CNT+2)=0.,
E'ww
CCI(CNT+3)=0.

Figure B-18.

RA P07 Subprogram, Program Listing (1 of 2)
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0766
0767

0769

0771
07/c
Q773
0774
Q775
o776
0777
0778
Q779
0700

Q782

0784
O70b
0786
0787
0788
0790
0791
0732
Q793
0794
0795
0796
0797
o798
0799
0800
0801
080c
0803
o804
U805
0806
o807
0808
0809
0810
o811
o8le



LP3

LP1

LP4

ELERR

CERRR

SERR

ELNERR

MRKERR

IGNORE

ENDRP7?

(S

CT=CT+CCL(UNT+1)+CCLI(CNTH+2)+CCL(UNT+3)

pP's CT
CNT=CNT+2
ACM=ACM+3
WI'RJABS « (CT~1

0e)eGe 00001 ¢THVO CEKiIRR

TOT=TOT+SDA(EN)

ACM=TOT
CONTINUE

TIH LP4FOR JUz=1e1leJeGeNEL

W'R CK(J)eNC e
T'O ENDRP7
R

1« TRANSFER TO ELERR

R ERROR IN ELEMENT CARD

R
PIT ECLReJ

V'S ECER=HIHO ¢ 92 ¢ 0oHERRUR TN Lol NT AR FUR cLomiiNT o [o%*d

T+O IGNORE
R

R CONDITIONAL PROBABILITY ERROR

R
PYT CbkRcN

V'S CERKR=D1IHO ¢42HCUNDITIUNAL PrRUBADILITY trkuk Fuk ELEMENT

113%%
TrO IGNORE
R
R ILLEGAL S
R
PRINT COUMMENT
T*O IGNORE
R

IN TYPE 6 CARD

0 INCORRECT SymMBuL S IN TYPE o CaARLS

R ELEMENT NBR ERROR

R

PRINT COMMENT
T1O IGNORE

R

R CARL OUT O
R

P'T MERRMARK
VIis MekR=31H0
PRINT COMMLNT
ERROR=1

FYN

E'N

Figure B-18.

%0 ELEMENT NUMobR triUR IN TYPe &€ CARLS®
F SEGUENCE

2 13e529cOHCARD VUT Ul LEWUENCE*YD
%0 DATA SET IGNORLuLS

RAPO7 Subprogram, Program Listing (2 of 2)
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o813
OBlg

0815
0816
o817
O8ilyu
Obly
OoecO
OBl
08ce
Obc3
08z4
0825
QBco
08c7
Qeco
QobcYyY
080
0831
08use
0833
0B334
[OF =}*}o)
voso
Ob37
083y
0839
0840
og4l
Ob4c
QB4
Q44
0845
Q4w
0847
0B84
o4y
0850
0oBol
Quwc .
oBwnLy
0894
085%
0856



ZERO
N=NT-1 |&— TEST()--
TESTINEL)

READ
DTF M A
TYPE 7 CARD
YES
IS YES 'S NO
MARK:=7 NES
NO v
I=145 I1=6
I>N
YES READ NEXT
TYPE 7 CARD
MARK CARD
OUT OF
SEQUENCE
ELEMENT NO.
ERROR IN |
TYPE 7 CARD
DATA SET
IGNORED
T F
ERROR = 1
TEST(L)= 1
FUNCTION I=I+4 I=1 ‘
RETURN ¥
1> NEL J=d+ J= 1
J>N
F T
YES
TEST(I)#1 F T
y T(SN,J, D)= K(J)
FUNCTION A
RETURN
ARGUMENTS
INPUT | OUTPUT
NEL T
NT ERROR
S
SN

Figure B-19. RAPO8 Subprogram, Logic Flow Chart
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ALPHA

DELTA

“TA

THETA

LR1

ERZ

IGNCRE

R READ K FACTURS RAPU8 (PRESTO)

R

= eseeik INITiui: wr PRUUKAM VAK]ALLLDeee

R

R K(10) WORK ING ARKRAY FUR REAUING K FACTORS
D VMARK SEQUENCE ¢CCDL FOR INPUT CARDS

RN NUe OF TRANSITIUN TIMES MINUS 1

R TEST (L) CHECRING ARRAY TO ALSURL Ko Ake RELAD FUK
N cVERY ELEENT

R

R ee 0o PRUGRAM LISTINGeso oo

R

EXTERNAL FUNCTIUN(NLL o NT oS e T eERRURCSIN)
ENTRY TO RAPO8e

FrT KaoT

N'S INTEGER

DIN TEeSTI(BUYeK(10D)

TvH ALPHAWFUR [I=1ele] eGelvebl

TEST(1) =0

N=NT=-1

READ FORMAT FlaeiNtseNEZoen(1l) oo (D) s mAKK

VIS Flz$n1el2¢5201299(02¢F10e29572) 013%%

W12 MARKMNE o 7 e TRANSFER Tu ER1

WIIR NelLteD e TRANSFLR TO ZuTA

Tt ERPSFOR =641 eGeN

READ FURMAT FZ2an(I) el (I+1) oK (T+c) en(I+0) e nN(1+4) s MARK
VIS F2o957e0(S52 e 10e2952)e13%%

WIR MARKeNL o 79 THRANSHFELIK TC ©R1

CONTINUL

WIR NE elLoeNtbeUReNL. e GalNELL ¢ TRANSFLR TU eke

TIH ETASFOR I=NbeleleGeNt

TEST(1)=1

TiH ETAGFURK J=lel eJeGeN

TSN Js 1) =K (D)

T THe TaAsFUR T=1elsleGaNEL

WIR TEST(I)eNL el s TRANDFER TO LELTA
CONT InUL

F'N

PRINT FORMAT FJ3sMmARS

V'S F3=blHOs13e53020HCARD OUT OF SEQUENCE*D
T1O IGNORE

PRINT CUMMENT$0 ELemeNT NUMsktR cRROR IN TYPeE 7 CARDS
TrO [GNORE

PRINT CUOMMENT SV DATA SET JTGNORELS

ERROR=1

F'N

E'N

Figure B-20. RAPO08 Subprogram, Program Listing
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0829

ogol

0863

O8oo
Uboo

oB7c
0873
o874
07>
0B /6
Qv /7
0870
ou7y
VBu0
Qgol
0gbce
Osb3
08b4

odoo6

Qbou
o8I
0893
o894
0895
udvo
uBY 7
[eF= 7~
o8By
0200
0901
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(L(P)I-Lb)'SH OMIZV A (2/0 V= (2/0' )V
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END

ONE

SULROUT TN ALUGAD
PLACE ClbwicinTn 1T BALE AaURUL P RO OUA
ees ol L FINITIUN L FIHUGRAM VARTABLEDe e 0
A DUUBLE SUBSLHCRIPTLL CUTHRUT ARRAY
AVAIL SINGLE SUBLSCRIPTED OQUTRUT ARRAY
[ INPUT AKRAY ULSIGNATING NOe UF 1 BlTo TOU G
[inTu WOUKD
LRy SY MUl IO wure wilm Zewuieo Liv cer T MALE  ANU
BITS IN RT HALF
N bk UF HALKF —wukLS Tu Lk wuniiralLy
RZZRY SYMLDOLIC WwuRy wlTH Zeieows IN RT HALF ANDL 1
3ITS IN LEFT HALF
oo o o PROGRAM LISTINGeees
EXTERNAL FUdCTluintivel s AsAVATL)
ENTRY Tu ALUAD. [OF=4
NtS INTEGL Qo
PieUGRAIM CUvImON Ll uekk LU 04
Tt*H ENDy FOR J=1sleJeGeN 05
WIR(J/2) %2 ef e 06
AC1eJd/2)=A(1ed/ ) eVe (LZLRUVeRDe (17 (J))) o7
[OXES [9)=}
A(lo(J+l)/C)=(H£LRU-LQ.(1/—L(J)))oH:o(IY-L(J)) Uy
[ . 10
TiH ONT . FOR JzlelaJeGelN+1)/2 11
AVAIL(J)I=AC(1 ¢J)
N 13
E*N 14

Figure B-22. ALOAD Subprogram, Program Listing
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Q3cy
Us3oU

(%]

s

ool

ooc
0333
V304
0335
0306
0337
U330
0307
Vw340
0341

034c
0343
U344




( EXIT )

EXECUTE GET LDR.
({AUTOMATICALLY WILL GO|
TO CORE 3)

PRE-SET
ENTER ALL IMAGE
STATEMENTS

SET IM (17)
TO

REWIND
SYSTEM TAPE 9

NAME

]

TAPE 9
IM(KK).. . IM(KK+13}

WRITE VARIABLES

WRITE IMAGE
OFS?OC.&';EES EXECUTE STATEMENTS
N BINAEY ONTO TAPE 9
EO.F TAPE4
REWIND TAPE 4
EWIND TAPE 9 SET IMAGE

NO

1S
COL. 80=4

YES
) ]

SELPGM. (1)

Figure B-23.

EXECUTE STATEMENTS
FOR NAME, SN, AND
ELEMENT NO.{J)

L

|

KK=KK+14 KK=0
KK > 70
F T
WRITE BCD

NENEY] J=1
J>NEL(SN)
F T
NO
¥
SET CALLING

ARGUMENT IN PEXR
TO SN

A S

LOOK AT COL. 80

OF NEXT
DATA CARD

REWIND
TAPE 9

WRITE PEXP
CALLING SEQUENCE
ONTO TAPE 9
KI=KJ +1 Ki=d+1
KJI>NEL(SN)
F T
No
YES
)
4=KJ
EXECUTE

EXECUTE
RAPO4.

EXECUTE
RAPO3.

SET IMAGE SUMMING
LOOP SCOPE TOSN

THE SYSTEM PROGRAM
GETMAD. TO COMPILE
THE MAD PROGRAM

CNT=SN

ONTAPE 9

B-75

WRITE
SUMMING LOOP
ONTO TAPE 9

Core 2 Main Program, Logic Flow Chart



R MAIN PROGRAM FOR RAPID CORE 2 ‘l.
R

R e e o DEFINITION OF PROGRAM VARIABLESesss e

R

R A(10004+ADIM) WURKING ARAY TU STURE RESIDUES DURING STRIP
R ADIM{2) DIMENSION VECTOR FOR A

R AVAIL(29) ORIGINAL SYMOBULIC SLDA FOR CURRENT SYSTeM

R Cl1(10%15) CONDe PROBe LIST BY SYSTEM NOe

R CODE(19) ELe CODE NAMES = CURRENT SYSTEM (6 BCD CHARe)
R IM(270) IMAGE ARRAY FOR OPENING AND CLUSING STATEMENTS
R OF GENe PROGRAM

R KIM{(14) IMAGE ARRAY FOR CALLING PEXP IN GENe PROGe

R LAMBDA(150+LDIM) FAILURE RATES BY SYSe NUe AND EL

R LDIM(2) DIMENSION VECTUR FUR LAMBDA - USES SctTe SUBRe
R LD(46) CURRENT SYSTeEM MODE NAME (CENTERED)

R LIM(61) IMAGE ARRAY FOR CALLING STATEMENTS OF GENePRUOG
R LN(46) CURRENT SYSTEM NAME (CENTERED)

R LS(8) CURRENT SYSTEM CODE NAME

R LSDA(50) CURRENT SYSTEM SDA - NOT SYMBOLIC

R LZERO SYMBOLIC WORD WiITH ZEROES IN LEFT HALF AND 1
R BITS IN RT HALF

R NEL(30) NUes OF ELEMENTS BY SYSTeM NUe (NEL(O)= FUK

R CURRENT SYb5e)

R NIT(10) NOe OF INTERNAL TIMES BETWEEN N AND (N+1) ST
R NS(10) NOe« OF SUBMODES BY SYSTEM NO.

R RZERC SYMBOLIC WORD WITH ZEROES IN RT HALF AND 1

R BITS IN LEFT HALF

R S(15) S CODE FOR ELEMENTS IN CURRENT 5YSTtM

R SDA(10%*15) SVA bY SYSTEM ANLD cLEMENT NOe = NUT SYMoOLIC
R SURT(1000+ADIM) WORKING ARKAY FUR STRIP PROCESS N RAPQJe

R T(10*10%1%) K FACTORS BY S5Y5e NOos TIME INTes AND clLe NOe
R T1(50) ELEMENT DESIGNATION FOR SMA SHORT FORM

R T2(50) MODE NOe FOR THE tlLe OF IDENe PUSITION IN T1 -
R SMA SHORT FORM

R T3(50) ORGANIZATION OF SMA BY INCe ORDER OUF ROWS -

R INDICATES POSITION IN Tl WHERE ROW BEGIND.

R TT(10) TRANSITION TIMES

R XIPT(22) FAJLURE RATES OF SYSTeM ELEMENTS BY bEle NOe

R XL(1%) CURRENT 5SYSTeEM clLeMENT FAILURE RATES

R

R 000 PROGRAM LISTINGesee

R

N*'R

F'T TT+LAMBDA«Cl+T+CC1

V'S ADIM=24140

VIS LDIM=SETe+0s0

P'N LZERO+RZEROWA(1000+ADIM) sADIMsT1(50)¢T2(50)sT3(50) ¢
1AVAIL(2S) +SDA(10%#15) eNS(10)sNEL(30U) +eRRURLS(8) slN(46)sLD(46)
2eTT(10)NIT(1C)eS(15)LAMBDA(1SCILDIM) ¢ ZZZZeNTeSN«CUDE (15)¢C1
3(10%15) «T(10#]10%#15)+LSDA(S0) +MODAYWYR

VS Z2ZZ2 = 04040

DN SORT(1000«ADIM)

D'N XIPT(22)

EQUIVALENCE (XIPT«LAMBDA) + (XDIMLLDIM)

R

R FIRST PART OF [MAGE PROGRAM

R

VIS IM(O )=$% EXTERNAL FUNCTION(SUMTP)
1 $

VIS [M(14)=% E*O .

Figure B-24. Core 2 Main Program, Program Listing (1 of 3)
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WWR

8G

WR

1 $
V'S IM(28)=% DN BP(100)sTP(100)+P(30%5)4PP(30)
1 s
V'S [M(42)=% INTEGER JoNEL oNSoNT+SDAsSET o
1 $
VIS IM(56)=% PIN NEL(10)eNSC10) oNToTTC10)+sT(10%]10%]
15) s XIPT(150) o s
V'S [M(70)=$% 1C1(10%15)+5DA(10%15)+sR(10%15)
1 $
R
R  SECOND PART OF IMAGE PROGRAM
R
V'S LIM(O )=% EXECUTE . (SUMTP)
1 $
V'S LIM(14)=$ P s1)=SUMTP
1 $
V'S LIM(28)=% PP ( )=1e~SUMTP
1 $
V'S LIM(42)=3 R( . )=1e~SUMTPR
1 $
R
R  THIRD PART OF IMAGE PROGRAM
R
V'S IM(200)=% SUMTP=0,
1 $
VIS IM(214)=% TUH LAFOR J=lsleJeGeNS( )
1 $
VIS [M(228)=$LA SUMTP=SUMTR+TR(J)
1 $
VIS IM(242)=% FIN
1 $
VIS IM(256)=% E'N
1 $
V'S KIM(O )=% EXECUTE PEXPo (PsPP, )
1 3

REWIND TAPE 9

R

R WRITE FIRST PART OF IMAGE ONTO TAPE
R

T'H WWReFOR KK=04s14+KKeGoe70

WRITE BCD TAPE 9+FMeIM(KK)eoo IM(KK+]3)
T'H LAWOR J=1el+JeGeNEL (SN)

W'R S(J)eEeD

LIM(4)=CODE(J)

LIM(17)=BNBCD+(J)

LIM(31)=BNBCD+(J)

LIM(Aa5)=BNBCD.(SN)

LIM(47)=LIM(31)
R
R WRITE LIM(O) TO LIM(41) ONTO TAPE 9
R

TIH WRsFOR K=0¢14+KeGed2

WRITE BCD TAPE 9+FMiLIM(K)oool IM(K+13)
V'S FM=$14CE*S

TIO LA

E'L

KIM(S)=BNBCDe (SN)

WRITE BCD TAPE 9¢FMeKIM(0)eoeKIM(13)
T'H LLAJWFOR KuzJ+1s1eKJeGeNEL (SN)

Figure B-24. Core 2 Main Program, Program Listing (2 of 3)
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LLA

LA
EXR4

LB

NEXT

ER

W'R S(KJU)eEeO
J=KJ
T'O BG
E'L
CONT INUVE
T'0 EXR4
CONT INUE
EXECUTE RAPOQG(NS(SN)eT14T24T3)
EXECUTE RAPO3e(T14T2¢T3¢SORTeANS(SN) +NELLSDASAVAILIL)
IM(220)=BNBCD+ (SN)
T'H LB«FOR JU=2004¢144JeGe269
WRITE BCD TAPE 9.FMyIM(J JeoeeIM(JU+13)
END OF FILE TAPE 9
REWIND TAPE 9
CNT=SN
PRINT RESULTS CNT
PRINT COMMENT $0 eee GOING AFTER MAD o¢e¢%
GETMAD e (INEXT ¢ER¢9449104¢11¢3¢041)
CONT INUE
REWIND TAPE 9
PRINT COMMENT $19%
LOOK AT FORMAT FMT¢MARK
VIS FMT=$S79+11#%#s
WIR MARKeE 1 ¢EXECUTE SELPGMe(1)
END OF FILE TAPE 4
REWIND TAPE 4
REWIND TAPE 9
WRITE BINARY TAPE QeNELeeeNEL{10) s NToeSNINS oeeNS(10)
WRITE BINARY TAPEGeT(10101)eaeT(SNINTINELI(SN))oXIPT(1)eeeXIPT
1(22) TTeeoTTINT ) elD e ool D(46) 1LSeeel,S(B)eSDA(1e1)eeeSDAL(S

2Ne15)eC1(101)eeell(SNe15)eMOIDAY YR

END OF FILE TAPE 9

EXECUTE GETLDRe(00042¢3¢64+¢190:¢0¢0¢0¢0+0¢104+400000042¢1+040)
PRINT COMMENT 30 ERROR IN GETTING MADs CHECK OQUT TERMINATEDS
SELPGMe (1)

E'M

Figure B-24. Core 2 Main Program, Program Listing (3 of 3)
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{ ENTRY )

ICT= 1
JJ=0J #1 JJ=e
JJ-G'NS
POl e F T FUNCTION
1§, 8%
AXNLE
8PT=0
I NSERT.(T2(FF))
SET LIST TO BPT
SAVE DATA 1
$ 4 SAVE DATA
$8$,$P3.4($
INSERT.ATU(FF))
INSERT.(ICT) INTERNAL FUNCTION
INSERT.(T4(FF)) J "INSERT.(QB)"
SAVE DATA
SAVE DATA
$rs.$(8 $)§‘2=3 QQ=QB/10
SAVE DATA
P$.$P$. $(
sPe.gre.(8 FFeFF+4 F=T3(JJ)
3 NO
TAFF)=0 Yis
1s
F T NO
YES T2(FF)=0/4 | ¥
~ SAVE DATA
BPT=BPT-1 NCH (QQ)
ICT=1CTH1
STR=0
1I=0
l QQ=QB—10 % QQ
OT:-0T oT =1
F1144
I1.GE.BPT
STR:STR+1
£l T SAVE DATA
T1eI1t60 NCH {QQ)
WRITE BCD TAPE 9,
CMARK(STR),BPT{(O T}--- BPT(II) FUNCTION
USING FV FORMAT VARIABLE RETURN
g———YES
IT: BPT
FV=II- OT+2 NO
< J ARGUMENTS
INPUT] OUTPUT
NS (BPT VIA
T TAPE 9)
T2
T3

Figure B-25. RAPO4 Subprogram, Logic Flow Chart
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QQON

LEMON

ORANGE
ANOTHR

ee 0 e PROGRAM LISTINGesee
EXTERNAL FUNCTION(NO«sT14T2¢T3)
E'O RAPC4 .
N*S INTEGER
FORMAT VARIABLE FV
D'N BPT(600)+sNCH(10)
VIS CMARK=D $edlDeblde 233 9D4DeDDDs bbb 7debEDedbyD
VIS NCH=%0 4915+ 29 1329940 b0Dep0DeL7Ded8He 9D
ICT=1
INTERNAL FUNCTION(QB)
E*'O INSERT.
QQ=QB/10
WIR QUelLelsTHtO QQON
SAVE DATA NCH((QQ)
QQR=QB-10*QQ
SAVE DATA NCH((QQ)
F'N
E'N
ToH ANOTHRFOR JJ=1eleJJeGeNS
BPT=0
SET LIST TO BPT
SAVE DATA 3BS+5PB¢3 (S
INSERT S (ICT)
SAVE DATA 2)d¢B5=9
TeH LEMONFOR FF=T3(JJ)esl1sT1(FF)ekeO
W'R T2(FF)elZeO
SAVE DATA 3PH+3P3¢5( S
INSERT«(T1(FF))
OtE
SAVE DATA $PS«$( D
INSERT e (T1(FF))
SAVE DATA $+%
INSERT« (T2(FF))

E'L

SAVE DATA D)%%

BPT=BPT~1

ICT=ICT+1

STR=0

11=0

TorH ORANGEs FOR OT=1e=0OT+I1+1¢11«GELBPT
I1=11+461

WIR 11 eGeBPT11=8BPT

FV=11-0T+2

WRITE BCD TAPE 9+FMTsCMARKI(STR) oBPT(OT)eeeeotBPTIII)
VIS FMT=8S5104tFVIC1+TBO*S

STR=STR+1
CONT INUE
F'N
E'N

Figure B-26. RAPO04 Subprogram, Program Listing
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R BP EQUATION GENERATOR AND LOADLR=-=-= RAPO4.

R

R ee e e DEFINITION OF PRUOGRAM VARIABLEOSseso

R

R BPT(600) ARRAY FOR blkDGe EACH BASIC PRODe EW'Ne
R CMARK (10) PRESET ARRAY OF BCD CHARACTERS

R ICT CUUNTER FUR CURRENT SUBSCRIPT FUR bl culNe
R 11 CUUNTER FOR LENGTH OF CARDL [MAGE

R NCH(10) PRESET ARRAY OF BCL CHARACTERS>

R STR SUBSCRIPT OF CMARK

R

R

0297
0298
0299
0300

0301

030c
0303
0304
0305
0306
0307
03048
0309
0310
0311

0312
0313
0314
0315
0316
0317
0318
0319
0320
0321

Q3ce
03e<3
0324
035
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RAPO3 Subprogram, Logic Flow Chart (2 of 2)

Figure B-2T7.




LorP2

APDIM(2)
AT

C1

cz

c3
COUNT

CTT1

L

LIST
LOC1(17)

NGS

ORD
OVER

Q
RES(50)

SAVEZ
SAVC3
SHIFT

WRK
X

STRIP

LOGIC

AP (1000+APDIM)

SUORT(1000«ADIM)
TPROB(4500)

RAPO3.
oo e s DEF INITION OF PROGRAM VARIABLESsese

WURKING SYMBOULIC cLEMENT ARRAY FUR STRIP LUGIC

DIMENSION VECTOR FOR AP

NO+ OF OVERFLOWS

POSITIONS IN T2 ARRAY

POSITIONS IN T2 ARRAY

POSITIONS IN T1 ARRAY

COUNTER FOUR NOe OF | BITS IN SHIFT OPcERATION
ON wWRK

COUNTER FUR POSITIUN IN T2

COUNTER FUR NOes UOF CURKRENT RESIUUES

WORKING ARRAY TU SAVE LAST SECTION OF TPROB
ARRAY FOR DEFINING POSITION OF 1 BIT IN EUWNe
BUCKET

SWITCH TO DETERMINE IF SORT 1S EMPTY

ORDER OF CURRENT ROW OF SMA

INDICATING FOR TPRUB OUVERFLOW

SUOSCRIPT UN NOe UF =—A= PUSITIUNS AVAlLADLE
RESULT ARRAY OF EXCLUSIVE UR OPERATION IN
STRIP

LOCATION TO SAVE ORIGINAL C2 VALUE

LOCATION TO SAVE ORIGINAL C3 VALUE

COUNTER FUR NUOe OF SHIFTS PERFORMED ON WRK
WORKING ARRAY FOR STRIP PRUCESS

ARRAY FOR BLDGe EACH TUTAL ROW PRUb EUNe
WOUORKING SYMBOLIC ARRAY FUK bBEWNe GENERAT]ION

po Rl I s B B OB B VI ol o B o B o B s B o B ¢ B s B B o B s I B s B o B 0 B I e B« B o B o B U R VD S B ¢ B VD VI

o090 e PROGRAM LISTINGesess

SUBSCRIPT ON NUe UF SURT PUSITIUNS AVAILAuLL

ooo2
EXTERNAL FUNCTION (TisTZ2+73+50RT ELsSDASAVAIL) 0003
ENTRY TO RAPQ3. 0004
N'S INTEGER 0005
FORMAT VARIABLE FVT 0006
PROGRAM COMMON L ZEROsRZERO 0007
D'N RES(50)+AP(4000¢APDIM) «+ TPROB(4S00) ¢LOC] (17)+LIST(200) ooos
VIS APDIM=24140 0009
EQUIVALENCE (APDIM(2)sNEL102) 0010
NEL 102= (NEL+1)/2 0011

oolz

CONVERT  SSM 0013

0014
L=1 0015
CTT1=T3(1)
REWIND TAPE 10
REWIND TAPE 3 0018
AT=0 ooei
T'H LOP1+FOR B=1¢14BeGeNS 0022
P1Ss B 0023
ORD=0 0024
C1=T3(B) 0025
ca=C1 0383
c3=C1 0384
TIH LOP2+FOR C1=Cls1sT1(C1)eEO 0385
T2(C1)=1eLSeT2(C1) 0386
ORD=0ORD+1 0387
Figure B-28. RAPO3 Subprogram, Program Listing (1 of 6)
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FIVES

RTP2

RTP3

LOPIN
LOPOUT

S1X6

RDT2

RDT3

INCK

GO

P'S ORD

W'R LeGea000/ ((NEL+1)/2)

REWIND TAPE 10

REWIND TAPE 3

W'R TAPENOGE 2

SETEOF « (RTP2)

READ BINARY TAPE 10¢AP(131)eesAP(4000/((NEL+1)/2) s (NEL+1)/2)
O'E

SETEOF « (RTP3)

READ BINARY TAPE 30AP(101)...AP(QOOO/((NEL+1)/2)'(NEL+1)/2)
E'L

TIO SIX6

E'L

T'H LOPOUT«FOR C=101e¢CeGel

T'H LOPINeFOR CC=1414CCoGo (NEL+1)/2

AP (C+CC)=A(CCC)

CONT INUE

R
R STRIP ROUTINE
R

PRINT COMMENT %0 START STRIPS
OVER=0

Q=0

X=0

SAVC2=C2

TIH LOP3¢FOR M=14¢1eMeGel

PSS M

WIR MeGe40O0O/((NEL+1)/72)

M=1

L=L=-4000/ ((NEL+1)/72)

W'R TAPENOeE.2

SETEOF ¢ (RDT2)

READ BINARY TAPE lO'AP(lol)oooAP(QOOO/((NEL+1)/2)¢(NEL+1)/2)
QtE

SETEOF ¢« (RDT3)

READ BINARY TAPE 30AP(101).o.AP(QOOO/((NEL+1)/2)a(NEL+1)/2)
E'L

E*L

NOS=0

K=0

K=K+1

W'R (T1(C2)/72)%2sEeT1(C2)

WA= (AP (MsT1(C2)/2)eLSe18B)eRSe18
O'E

WASAP(Me(T1(C2)+1)72)eRSel8

E'L

RES(K)=WAEV.T2(C2)

W'R RES(K) «eGeWA

NOS=1

TeO GO

E*L

W!'R KeELORD

T*O GO

E'L

ca2=C2+1

T'O INCK

c2=SAvC2

SAVC3=C3

T'H LOPS«FOR P=1e1ePeGeK

pts P

Figure B-28. RAPO03 Subprogram, Program Listing (2 of 6)
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osagl'
038
0390
0391
0392
0393
0394
0395
0396
0397
0398
0399
0400
0401
0402
0403
0404
0405
0406
0407
0408
0409
0410
0411
0412
0413
oala
0415
0416
0417
0418
0419
0420
0421
Q4ce
0423
0424
Q4cH
0426
0427
0428
0429
0430
0431
0432
0433
04 34
0435
0436
0437
0438
0439
0440
Q4aal
0442
0443
0444
0445
0446
0447



BACK
LOP6

LOPS

LOP7

TESTS!H

LOPS8

LOP3

FOUR4

e s g T T L L2 L] L] T .

W'R RES(P)eE«Oes TRANSFER TOU LOPY

Q=Q+1

W'R QeGed4000/(INEL+1)Y/2)

W'R TAPENOE L2

WRITE BINARY TAPE 3 2A(le]1)eee AlQes(NEL+1)/2)
Ot'E

WRITE BINARY TAPE 10 sA(lsl)eesAlUe(NEL+])Y/2)
E'L

AT=AT+1

Q=1

EsL

W'R PeE«K+TRANSFER TO TESTSI

T'H LOPEWwOR C=191eCaGe(NEL+1)/2

A(QeC)I=AP(M.C)

WIR (T1(C3)/2)%2E«T1(C3)
AlQeT1(C3)/72)=RES(P)eVe(A(QsT1(C3)1/2)eAdRZERU)
AP(MeT1(C3)/72)=T2(C3) Ve (AP(MT1(C3)/2) e AsRIERO)
Ot

A(UGe (TI(C3)+1)/2)=(RES(P)elSel18)eVelA(We(TI(C3)+1)/2)eA

1LZERO)

AP (Mo (T1(C3)+41)72)=(T2(C3)1eLSelB)eVelAP (M (T1(C3)+1)/2)eA0
1LZERO)

Eell

C3=C3+1

X=X+1

PSS X

TtH LOP7¢FORC=1414CeGe (NEL+1)/2
SORT(XeC)=AP(M.C)

T'O LOP3

WIR NOS.Eel

TIH LOPB«FORC=101+CeGe (NEL+1)Y/2
A(QsCHI=AP(MC)

T+O LOP3

O'E

T*0 BACK

gL

C3=SAVC3

W'R ATeLE.O

L=Q

T*O FOUR4

O'E

L=Q+AT*# (4000/7 C (NEL+1)/2))

W'R TAPENOeE«2

WRITE BINARY TARPE 3 WA(lol)eesAlQs(NEL+1)/2)
TAPENO=3

END OF FILE TAPE 3

O‘'E

WRITE BINARY TAPE 10 sAllel)eeeALQe(NEL+1)Y/2)
TAPENO=2

END OF FILE TAPE 10

E'L

AT=0

E'L

CONT INUE
R EQUATION GENERATOR NOT A SUBROUT INE
R

TPROB=0

SET LIST TO TPROB
SAVE DATA STS 3PS5 (D
INSERT . (B)

Figure B-28. RAPO3 Subprogram, Program Listing (3 of 6)
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Q440
0449
04950
Q451

045&
0453
Q424
0455
0456
0457
Q458
0459
0460
0461

0462
0463
Q464
0465
0466
0467
04608
0469
0470
0471

Q472
0473
0474
0475
0476
0477
o478
Q479
0480
Q4oi

Q482
0483
0484
04865
Q486
0487
0488
Q49
04vY0
Q491

0492
0493
0494
0495
0496
0497
0498
0499
0500
0501

0502
0503
0504
0505
05006
0507



LL80

LLat

LL82

LL83

TwO

ONE

SAVE DATA $)$¢%=%

SAVE DATA 3BS«SP$:5(3

INSERT(B)

SAVE DATA $)3:5%5+%5( S

W'R XeE O

SAVE DATA $0%¢5¢%

CTTi=T3(B+1)

T*'0 LABEL

gL

T'H LOPP1+FOR J=14¢1eJeGeX

WI'R JeGel

SAVE DATA $+%

E'L

REM=CTT]

T'H LOPP2+FOR K=1419KeGe (NEL+1)/2
R CHECK FOR OVERFLOW OF TPROB TABLE
WIR TPROB+90¢G¢4500

OVER=0OVER+!

TIH LLB80OWFOR JJJ=10lOTPRU&(JJJ).ho$+$.ANDoTPRUb(JJJ+3)oNt.TPR
10B(JJJ-4)

TPROB(JJJ)=%) S

SAVJI=JIJJ

KKK=0

T'H LLB81FOR JJJ=JJJ+1lel eJUJeGe TPROB
KKK=KKK+1

LIST(KKK)=TPROB(JJJ)

TPROB=SAVJ

EXECUTE EGLOAD. (TPROB)

T'H LLB2+FOR JJJ=19 14 TPROB(JJJ)eEeS=9%
FVT=JJJ+4

WRITE BCD TAPE90FMTB|$X$05(5OUVERO$)$o$=boTPHUB(l)oooTpRUb(JJ
1J-1)

VIS FMT8=8S11¢'FVTIC1.T8O*S
TPROB=2#JJJ+1

SET LIST TO TPROB

T'H LLB83«FOR JJJ=19e10JJJeGeKKK

SAVE DATA LIST(JJJ)

E'L

WRK=2SORT(JeK) e AsRZERO

W'R WRKEAVAILI(K)sARZERO
WRK=SORT(JeK) sAeLZERO

WIR WRK oEe AVAIL(K) eAsL ZERO+TRANSFER TO LOPPZ2
KK=1

W'R T1(CTT]1)eEe2%#K

WRK=WRK ¢EVeT2(CTT1)

CTT1=CTT1+1

W'R WRK(E«DeTt0O LOPP2

T*O0 ONE

EsL

Q'E

WRK=WRK RS+ 18

KK =0

W'R TI(CTT1)eEe2#K=-1

WRKzWRK ¢EVeT2(CTT1)

CTT1=CTT1+1

WIR WRK(E+OsT1O TWO

TeO ONE

E'L

E'L

SHIFT=0

Figure B-28. RAPO3 Subprogram, Program Listing (4 of 6)
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0512
0513
0514
0515
0516
0517
0518
0519
0520
05<¢1

0522
0523
0524
0525
0526
0527
0528
0529
0530
0531

0532
0543
0534
0535
0536
0537
0538
0539
0540
0541

0542
0543
0544
0545
0546
0547
0548
0549
0550
0551

0552
0553
0554
0555
0556
0557
0558
0559
0560
ose6l
0562

- O r




FOUR

THREE

PRDUCT

LOPP3

SEV

SIX

ONEMIN

COUNT=0

EXECUTE ZERO(LOC1(0)s00eslUCLI(17))
W'R WRKeAeleEol

LOCI(COUNT)=SHIFT

COUNT=COUNT+1

E'L

WRK=WRK ¢RS e !

SHIFT=SHIFT+1

W'R SHIFTeGeSDA(Z2¥K=]1+KK ) s TRANSFER TO THREE
T'0O FOUR

WIR COUNT¥#24Ge SDA(Z2¥K=-]1+KK)

W!'R COUNTeEe1 ¢+ TRANSFER TO PRDUCT
TeO ONEMIN ‘

E'L

W'R COUNT¢Gel
SAVE DATA $(3%
E'L

T'H LOPP3¢FOR LL=0¢loLLoeGE«COUNT
WIR LOCI(LL)WeESO

SAVE DATA 3PI¢+EPB B (S
INSERT o (2#K—-1+KK)
SAVE DATA #)%

o'

SAVE DATA $P%+3(3
INSERT e (2¥K~1+KK)
SAVE DATA %%
INSERT & (LOC1 (LL))
SAVE DATA )%

E'L

W'R LL+1eE«COUNT s TRANSFER TO LOPP3
SAVE DATA %+%

CONTINUE

W'R COUNTeGel

SAVE DATA %)%

[ J

WIR KeGe (NEL+1)/2+TRANSFER TO S1X
SAVE DATA %%

WIR KKeEeO

WIR KeGe(NEL+1)/72¢TRANSFER TO LOPP2
T*O TWO

E'L

T*O LOPP2

SAVE DATA (34513455059

W'R SDA(2¥K=14+KK)+1~COUNT¢Gel

SAVE DATA $($

E'L

MM=0

TIH LOPP4G+FOR LL=041eMMeGeSDA(2¥K~]1+KK)
W'R LOCLI(LL) eEeMM4sTRANSFER TO LOPRPPRg
WIR MM,E.O

SAVE DATA 3PH+3PH¢5( S
INSERT e (2%K-1 +KK)

SAVE DATA %)%

OtE

SAVE DATA 3P$+%( %

INSERT ¢ (2%K=-] +KK)

SAVE DATA 3$+%

INSERT 4 (MM)

SAVE DATA $)%

EeL

Figure B-28. RAPO03 Subprogram, Program Listing (5 of 6)
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0563
0964
05690
0566
0967
0568
0569
0570
0571
O /<
0573
0574
0575
0576
0577
0978
0579
0500
[0}=7-3}
0502
0583
0584
0585
0566
0587
[$}=Y -1~
UHo9
09%0
0591
0592
0593
0594
059o
09 Y06
0597
0598
0599
0600
0601
060«
0603
0604
Q60>
0606
0607
0608
0609
0610
Oeil
Ublce
06lo
0614
0615
0616
Q617
0618
061y
06cO
Q6¢cl
o6ce2



LOPP4

LOPP2

LOPP1

LABEL

LL9O

PLACE

ZETA

FINI

LOPI1

QQAON

ENDRP3

WI'R MM,Ee SDA(2%#K—-1+KK) ¢+ TRANSFER TO LOPP4
LL=LL~-1

SAVE DATA $+%

MM=MM+ ]

W'R TPROB(TPROB) sEeH+3 s TPROB=TPRUB~1
W'R SDA(2%¥K—14+KK)+1~COUNT+Gel

SAVE DATA 3)%

E'L

SAVE DATA $)%

T+O SEV

CONT INUE

WI'R Jel oeXsCTTI1=REM

W'R TPROB(TPROB) +Ee $%¥$¢TPROB=TPROB-1]
CONT INUE

CTTiI=T3(8B+1)

WIR TPROB(TPROB)sEeS( S

TPROB=TPROB~2

Ot'E

SAVE DATA $)%

E'L
R END OF EQUATION GENERATOR
R TEST FOR WHETHER OVERFLOW ROUTINE WAS NekDED EARLIER

W'R OVEReE «O

EXECUTE EQLOAD. ( TPROB)

TeO ZETA

E'L

T*H LLYOFOR JJJ=141sTPROB(JJJ)eEeb=%
FVT=z2#JJJ+4

WRITE BCD TAPE90FMTBOTPRUB(1)oooTPHUB(JJJ).TPRUB(l)...TPRub(J
1JJ=1) 054+ +eBXDeB(BI0OVER e$) S

OVER=0OVER-1

W'R OVEReE«OsT*'O ZETA

T*O0 PLACE

PRINT BCD RESULTS TPROB(1)eee TPRUB(TPROB)
W'R LeESLO

TtH FINI+FOR Bz=B+1+¢1¢BeGeNS

TPROB=0

SET LIST TO TPROB

SAVE DATA 3TS 5P (S

INSERT « (B)

SAVE DATA $)%5¢5=5¢30%5¢%e S

EXECUTE EQLOAD. (TPROB)

T10 ENDRP3

E'L

PRINT OCTAL RESULTS A{lel)eosAlLe(NEL+I)/2)
1SORT(141)e0eSORT(Xe(NEL+1)/72)

INTERNAL FUNCTION (QB)

ENTRY TO INSERT

QQ=Q0B/10

W'R QQel el sT*0O QQON

SAVE DATA N((QQ)

QQ=08-10%QQ

SAVE DATA N(GQ)

VIS N330S o513 e523 15339245 eD5D 1560912 T7He585039%
FetN

E'N

F'N

E'N

Figure B-28. RAPO03 Subprogram, Program Listing (6 of 6)
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0639
0640
Q641
0642
0643
0644
0645
0646
0647
0648
Q649
0650

065c

0604
0654
0655
Q656
0657
0608
0659
0660
0601l

066c
0663
0664
0665
0666
Q6067
0668
066%
0670
0671

o672
Q673
0674
0675
0676
0677
o678
0679
0680




s T $E

ENTRY

INTERNAL FUNCTION
*XPROD.(STRT,MX}"

WRITE ON TAPES,
TPROB(1)---
TPROB (TPROB)

1

RETURN

‘

I=1-1 1=TPROB -1 PI= PI+1 PI=STRT
TPROB (I) - E - TPROB(PIL} E -
+¢$-AND- TPROB(I +3) $%$-AND- PI- STRT- GE"
-NE- TPROB(I-4):AND- 520-0R- PI -E- MX
TPROB(I1-4)-NE- $P$ -OR- I-E-1
lF

1S
PI=TPROB

YES

WRITE ON TAPE
9,TPROB(1) - -
TPROB(TPROB)

PI=PI-A

RETURN

SAVV =TPROB-1

I1=TPROB
WRITE
ON TAPE 9
X=X*TPROB(STI?T)--~

TPROB(PI

O:TATPEE . MAX=TPROB MULTIPLE CARD IMAGES

“re0." l
START=1 +1 STRT =PI 44
SAVV=I-9

EXECUTE
XPROD. (START,MAX),

RETURN

WRITE
ONTAPE ¢
ey "

WRITE ON
TAPE 9
TPROB(I) - E RETURN TPROB(1)...

$($-AND-TPROB(I-1)
‘E-$%$-AND-I-LE47OR:

JPROB(I-2)%T

TPROBI)-E- $+$ -AND -TPROB(I+3 ):NE-TPROB(-4) YES
- {
s
N EXECUTE 1< 17
AT XPROD.(START, MAX)

M
START=I+1

SAVV =] —1

ARGUMENTS
INPUT JOUTPUT

TPROB| TP EQ'N
VIA
TAPE 9

Figure B-29. EQLOAD Subprogram, Logic Flow Chart
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L1

L3

LUADED IN CARD [MAGE FORM
STRING DEFINED BY (START«MAX)
BE LOADED IN CARD [IMAGE FORM

o0 ¢ e PROGRAM LISTINGeeos

PYRP U VI R B B VB s b ol s IO s B o D ¢ B o

EXTERNAL FUNCTION(TPROB)

ENTRY TO EQLOAD.

FORMAT VARIABLE FOMVAR

N*'S INTEGER

D'N CMARK(10)

VIS CMARK=S 4515425 ¢ 03595454 550s560e2Tbeb8be 9%
WIR TPROB.LES 15

FOMVAR=TPROB+1

WRITE ©CD TAPE90FMT10CMAHK.TPRUG(1)oooTPRUB(TPRUd)
VALY FMT1=$SIO0'FOMVAR'CIQTBO*s

T*O0 ENDEQL

el

T*H L1+FOR 1=TPROB~14-14 TPROB(])eb o3+ D AND e TPROUB( [ +3) o NE o TPR
lOB(l—4).AND.TPROb(l~4)oNE.$P$.ORo leEel

WIR ekl
W'R TPROBW.LE.610
KJ=0

11=0

T'H L3+FOR OT=1e~=0OT+[ 141411 eGEeTPROB
I1=11+61

W'R [1eGeTPROB«II=TPROB

FOMVAR=I11~0T+2

WRITE BCD TAPLEI+FMTIsCMARK(KJ) ¢ TPRUS(UT ) s e e TPROL(T])
KJ=KJ+1

T*0 ENDEQL

E'L

SAVV=TPROB~]

1=TPROB

FOMVAR=5

WRITE BCD TAPEGIFMT1¢CMARK ¢$Th e 5=0¢50Bsboeth
TeO L2

gL

FOMVAR=5

WRITE BCD TAPEQ+FMT 1 sCMARK ¢ 5XS 4 5= ¢ Dl b e B e
MAX=TPROB

START=1+1

SAVV=z 1 ~ 1

XPRODe (START ¢MAX)

FOMVAR=4

WRITE BCD TAPEQ«FMT ] sCMARK 45TH 45295 ¢ X%

Figure B-30. EQLOAD Subprogram, Program Listing (1 of 2)
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EQUATION LOADER -EQLOAD.
eeesDEFINITION OF PROGRAM VARIADLES e e e o
CMARK ’ ARRAY OF PRESET BTD CHARACTERS
MAX MAXIMUM PUSITIUN UF STRING IN TPRUS TO ot

SAVV LAST POSITION TO BE SAVED IN TPROUB BEFORE

START LOWEST mAXIMUM POSITIUN uF STRING IN TPRUs TO

Q6vc |
0683
0684
0685
06866
0687
[e1-1<Y-}
0609
0690
0691
0692

0693

0694
VOYH
0696
0697
0698
0699
0700
0701

0702
0703
0704
0705
0706
0707
0708
0709
0710
o711

0712
0713
0714
0715
0716
0717
0718
0719
07«0
0721



——— — T T L______JEEmm____a

L2

LLi

ENDEQL

T'A LEeFOR I=]1=1eo=1eTP=OU(]) el ob (LenNDeTHPRUL(]I=1)eleb*behiNLoel
1ol a1 7eOReTHRPROU(] ) otllet+DeANDe TRPRULI([+5) oNL o TRPRUL( [ =4
MAX=5AVV

START=1+1

FOMVAR = 5

WRITE BCD TAPE YeFmTleCMARNsbDXbes2=ZDeblbebed
XPROD e (START ¢ MAX)

FOMVAR=6

WRITE ©BCL TAPEQQFIVITIoClVlARKQ:bTibt'.b=-bnileb'5b+$oi:Xi

WIR leltiel?

FOMVAR=T+1

WRITE BCD TAPEQOFMrIOCMARKQTPRUD(1).00]PNUD(I‘ﬁ)’w*30$1$
T'O ENDEQL

E'L

SAVV=1~1

T'O L2

INTERNAL FUNCTION (5TRT ¢MX)

ENTRY TO XPRODe

TiH LL1FOR PI=STRT tlOTPHUD(HI)-L-$*$0ANU0Pl—bTRTnbLQDZO
1eOReP] oE eMX

WIR PleEeTPROBWPI=RPI=~1]

11=56

W'R 1]1eGePI~STRT][I=PI=-5TRT

FOMVAR=11+6

WRITE &CD TAP&QQFMTIvLMAHKva$9$=b'$Xb.$*$'TPHUU(STHT Jeeoe THK
10B(STRT+11)

WI'R JTlelLePI

KJd=1
TIH LLEWFOR OT=STRT+II+1sl1+1slleGtePl=UT+11+1
11=60

WI'R J1eGePI~OTall=PI=-0T

FOMVAR=I11+42

WRITE BCD TAP&Q.FMTloCNARK(Kd)qTHRUb(UT)...TPQOu(uT+Il)
KJ=KJ+1

e

WIR PletaMX «ORePIoEeTPRUZ-1

FUNCTION RETURN

e .
STRT =FPI+1
T'O LL1
E*N

FeN

E'N

Figure B-30. EQLOAD Subprogram, Program Listing (2 of 2)
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V7ce
UT7cs
074
07>
0726
[CNa-arg

07cs
0729
0750
0701

073z
0733
U734
U7oo
0736
Q707
Q753
0739
0740
U741

74z
V749
Q744
0745
0740
0747
07465
0749
U720
0721

V700
0752
0724
0755
Q706
0727
U720
0709
0760
0761

0762
0763
0764



( ENTRY )

L=L+1 L=1
L>NEL (SN)
F T

MeM + 1

M>NT-1

=Zzla

=1

T

SUM = SUM %

¥T(SN,M,L}

(TT(M+1)-T T(M))

PPI(L) = 1.-EXP(-E(L)%.000001)

E{L)=SUM¥ XIPT(SN,L) &

Figure B-

v

M=
L=

1
(¢}

SUM=0.

N=N+4

N > SDA
(SN,M)

N=1

L=L+1

A

P(M,N)=1. - EXP(-E{(M) 3% C1(SN,L)%.000001

SUM=SUM+P{M N)

R(SN,M)=PP(M)

PP(M)=1.-PP(M)

:

M=M+1

T
F

N=1
N>SDA(SN,M)

N=N+1

r

P(M,N)=P{M,N)%SUM

SUM=PP(M)/SUM

RETURN

31. PEXP Subprogram, Logic Flow Chart
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ARGUMENTS
INPUT | ouTPUT
SN P

PP




LB

LA

AGAIN

LC

LD

R CALCULATION OF PtS USING EXPONENTIAL PEXP,

R

R se e sDEFINITION OF PROGRAM VARIABLESe e e

R

R C1(10%15) SAME AS CORE1

R E(30) CALCULATED EXPONENT

R L CURRENT LOCATION IN C1 ARRAY FOR CURRENT SYSe
R M CURRENT ELEMENT NO,

R N CURRENT MUDE NOe¢ FOR ELEMENT ™M
R NEL(10) SAME AS CORE1

R NS(10) SAME AS CORE1

R NT SAME AS CORE]

R SDA(10%15) SAME AS COREl

R SUM WORKING VARIABLE FOR SUMMING K FACTORS - AL SO |
R FOR SUMMING PP'S

R T(10%10%*15) SAME AS CORE1

R TT(10%15) SAME AS CORE1

R XL(15) SAME AS CORE1

R

R o0 0 e PROGRAM LISTINGeeos

R .

EXTERNAL FUNCTION(P+PP 4SN)

E'O PEXP,

I'R LeMyNINT ¢SDAWNELsSNeJ+SET e

VIS XDIM=SETe4+040

PN NEL(1O)oNS(10).NT.TT(10)-T(lO*lO*lB)qXIPT(150-XDXM)0
ICI(IO*lb)OSDA(lO*lb)oR(IO*lb)oLD(46)'LS(B)oMOoDAY'YRoRtL'NAMt
2(750)OA(10*15)'5(10*15)0C(10*15)

D'N E (30)

TtH LAWOR L=1+1sLeGeNEL(SN)

SUM=04 " |

T'H LBeFOR M=141eMeGeNT=-1
SUM=SUM+(TT(M+1)—TT(M))*T(SNOM'L)
E(L)=SUMXIPT(SN+L)

PP(L)=1e~EXP4 (~=E(L)*,000001)

M=1

L=0

SUM=0,

T'H LCyFOR N=1e41eNeGeSDA(SNM)

L=L+1
P(MaN)=1e=EXPs(-E(M)*C1(SNsL)*,000001)
SUM=SUM+P (MsN)

SUM=PP (M) /SUM

T'H LDeFOR N=141sNeGeSDA(SNIM)
P(MeN)=P(MsN)¥SUM

PP(M)=14=PP(M)

R(ISNsM) =pPP (M)

M=M4 1

W'R MJLECNEL(SN)+T*O AGAIN

FIN

E'N

Figure B-32. PEXP Subprogram, Program Listing
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3.3 IBM 1620 VERSION

This section describes the methodology utilized for system re-
liability simulation as programmed for the IBM 1620*. Each step is
illustrated relative to a hypothetical system. Two computer source
languages have been used in programming the Reliability Simulator.
FORTRAN II-D has been used wherever possible, while SPS-II-D has
been used where memory capacity or other limitations require a
lower level language.

3.3.1 Introduction

Reliability Simulation of large systems is achieved on the
IBM 1620 by repeated application of the RAPID technique to simulate
and analyze subdivisions of the system. The Reliability Simulator is
comprised of two main programs which employ numerous subprograms
to perform the simulation and analysis, respectively. One program
(RAPID1) controls the simulation phase and the other program
(RAPID2) controls the analysis phase of RAPID. These two programs
are executed alternately until all input data have been processed and the
system analysis is complete.

*The IBM 1620 system, referred to in this report as the IBM 1620,
consists of the following:

1. 1620-II Central Processing Unit with
Index Registers

1 1625-3 Magnetic Core Memory
1 1622 Card Reader-Punch

1 1443 Printer

3 1311 Disk Drives

This configuration constitutes the minimum IBM 1620 system on which
this version of the RAPID technique can be executed.
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3.3.2 System Description

Consider the illustration of the system in Figure B-33.
SYSTEM is composed of three elements E1, SUBS2, and SUBS3.
SUBS2 is composed of two elements, E1 and E2, while SUBS3 is made
up of the two elements, SUBS1 and E2. SUBS1 is itself made up of
two elements, E1 and E2.

SUBS1, SUBS2, and SUBS3 are so designated to indicate that they are
to be considered as "subsystems, ' which will be individually simu-
lated and analyzed. A "building block' approach to reliability sim-
ulation of SYSTEM will be applied, in which each subsystem is treated
as an element after the mode probabilities have been computed from
the simulation and analysis of that subsystem.

The reliability for SUBS1 is first determined in terms of element mode
probabilities for its elements E1 and E2. SUBSI1 is now referred to as
an element of SUBS3 along with the E2 associated with SUBS3. The
probabilities previously calculated for SUBS1 are used along with the
element mode probabilities for E2 to determine the probability of
failure and hence the reliability of SUBS3. SUBS3 can then be treated
as an element of the system SYSTEM.

For example, the probabilities of occurrence of the modes established
by analyzing SUBS1 are used as element mode probabilities in evalua-
ting the system mode models of the subsystem SUBS3, since SUBSI1 is
an element of SUBS3 anong with E2. This procedure is repeated for
SUBS3, leading to the final analysis of SYSTEM.

3.3.3 System Inputs

The RAPID Analysis Data Transmittal Forms are used for
inputting data for the reliability simulation. Inputs for the subsystems
analyses are placed one behind the other. If the system has only one
level of element (no elements below the subsystem level), the input is
comprised of only one "system'" to be simulated. If an error is
detected in a set of data for an analysis, that analysis is suppressed
and the remaining cards of data in that set are ignored.
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For the reliability simulation and analysis of a multilevel system such
as that shown in Figure B-33, the order in which each system is ana-
lyzed is important. In the hypothetical system, assumethat SUBS1 and
SUBS2 have two system failure modes and that SUBS3 has only one
failure mode.

The order of analysis to analyze the system SYSTEM would be as
follows;

1 SUBS1 SYSTEM MODE 1
2 SUBS1 SYSTEM MODE 2
3 SUBS1 SYSTEM MODE 0
4 SUBS3 SYSTEM MODE 1
5 SUBS3 SYSTEM MODE 0
6 SUBS2 SYSTEM MODE 1
7 SUBS2 SYSTEM MODE 2
8 SUBS2 SYSTEM MODE 0
9 SYSTEM SYSTEM MODE 1

For each simulation and analysis, the element mode probabilities must
be defined. That is, each element must have exponential failure rate
data or actual probabilities on cards supplied, or it must have been
previously analyzed as a '"system, ' including an analysis of a non-
failure mode.

All analysis and calculation of probabilities associated with a given
system, whether at a2 lower element level; subsystem level, or at the
system level, must be made for the same points in time. That is, the
type 4 cards, shown on Data Transmittal Form I, should be identical
for each individual simulation and analysis associated with a given
system.

Sample Data Transmittal Forms are shown in Figures B-34 through
B-41 as typical inputs for the subsystems SUBS1 and SUBS3 to illustrate
the use of the S code. The elements E1 and E2 of the subsystem SUBS1
have their element mode probabilities defined with exponential failure
rate data (S = 1). The element E2 of the subsystem SUBS3 has its
element mode probabilities read in from cards (S = 2). Note that the
first element of SUBS3 has an S code of zero, indicating that this
element (SUBS1) has been previously analyzed, and the mode proba-
bilities are available in disk storage.

3.3.4 System Simulation

Before a new system reliability simulation and analysis is
started, the table of stored probabilities, the summary table, and the
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size of the combined System Mode Array must be initialized. This is
accomplished by executing the routine RAP022. If the new analysis
requires information previously stored on the disk files, RAP022 should
not be executed.

The simulation phase begins with the reading of the type 1 through 5
input cards for mode 1 of the subsystem SUBS1. If no errors are
detected in these cards, the model for the probability of occurrence
of this system mode is generated and stored in a work area on the
disk files. The remaining inputs for the analysis of SUBS1 -- system
mode 1 are then read in and checked for errors.

If no errors are detected in the remaining cards of this data set, the
subroutine RAPO016 is constructed which will contain the mathematical
model for the mode under consideration. This is constructed in
FORTRAN II-D source language and stored in card image format in a
work area on disk files. The following statements are the firstto be
generated by the simulator:

*LD1SKRAPO016
SUBROUTINE RAP016 (BP,TR,P)

DIMENSION BP (100), TR(100), P(50,10)

The first statement above is a control statement indicating to the
FORTRAN II-D Compiler that a relocatable object program is to be
stored on the disk files and identified by the name RAP016, following
a successful compilation. The second statement is the FORTRAN
statement indicating this program is a subroutine with the three var-
iable arguments BP, TR, and P. The third statement is the
FORTRAN statement indicating the three arguments are arrays and
gives the size of these arrays.

The next series of statements in the subroutine comprise the mathe-
matical model for mode 1 of SUBS1. The first statements in this
series are arithmetic statements which will calculate the Basic
Submode Probabilities of the system. These are designated as BP in
the subroutine. Following the BP equations are arithmetic statements
which will calculate the Total Row Probabilities of the system. These
probabilities are referred to as the array TR.
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Both the Basic Submode Probabilities and Total Row Probabilities are
expressed in terms of element mode probabilities. These are
represented by P(I,J) where I is the element number and J represents
the element mode number. It should be noted that J is always equal
to the subject element mode number plus one. This is necessitated by
the fact that element mode zero cannot be represented by a subscript

equal to zero because zero subscripts are not permitted in the
FORTRAN II-D language.

After the mathematical model has been inserted, the subroutine is
completed with two concluding statements:

RETURN

END

These statements will effect a branch back to the calling routine
from subroutine RAP016 and signal the FORTRAN compiler that the end
of the source statements has been encountered.

This system mode is then detected to be the first in possibly a series
of modes for the system SUBS1. To effect simulation of a non-failure
system mode, the current System Mode Array is stored in a commun-
ications region on the disk files. The system code SUBSI1 is then
saved for comparison with succeeding system codes.

With the simulation phase completed for mode 1 of SUBS1, the first
outputting is started. The System Definition Array and the System
Mode Array are printed as the first page of the output. Values of
variables and arrays which will be needed in the analysis phase of
RAPID are then stored in 2 communication region on the disk files.

A call to the 1620 Monitor system is given by a CALL MONITR
statement. This will result in the subroutine RAP016 to be compiled
and stored in relocatable object form on the disk files. At this
point, RAPID2 is loaded into core memory and its execution begins.

The analysis of the current system mode is then carried out by
evaluating the model at the points in time specified in the type 4 cards.
The element mode probabilities, in this case, are calculated from an
exponential failure rate distribution, since the S code is 1 for all
elements of SUBS1. The results of the analysis are printed and the
probabilities of occurrence and non-occurrence for mode 1 of SUBS1
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are then stored in tabular form on the disk files. Upon completion of
this phase, the first routine (RAPID1) is reloaded into core memory
for the simulation phase on the next data set.

Mode 2 of SUBSI1 is processed in the same manner as the previous
mode. The mode 2 SMA is combined with the mode 1 SMA for later
use in processing mode 0 for SUBS1. RAPID1 is then loaded back into
core memory and execution begun.

With this execution of the simulation phase, the type 1 through 4 cards
for mode0 of the subsystem SUBS1 are read. The system mode 0 (non-
failure mode) is handled in a slightly different manner than the non-
zero system modes. For a system mode of zero, the type 5 cards
(SMA) are omitted. The model and subroutine generation is per-
formed on the combined System Mode Array comprised of the SMA's
from mode 1 and mode 2, which are stored in the communication
region on the disk files. The printing of the System Mode Array is
omitted, since this combined SMA actually is the one for the com-
bined modes 1 and 2, and not for mode 0. The computer programs
STRIP this combined SMA and generate the mathematical model

for mode 0 from the results of the logical intersection of all possible
system states with this SMA. That is, the remainder from the
intersection is the set of system states representing mode 0.

RAPID2 is then executed for mode O in the same manner as in the
previous cases. There is no printed analysis for each point in time
as is the case with a non-zero system modes. However, a summary
table and element descriptions are printed as usual, and the mode 0
probabilities of occurrence and non-occurrence are stored in tabular
form on the disk files.

At this point, the subsystem SUBS1 can now be considered as an
element of the system SUBS3 and identified with an element code of
SUBS1. The element mode probabilities associated with SUBS1 are
available on the disk files. This information is conveyed to the
simulator by means of the S code of 0 for the element designated by
the element code SUBS1 in the SUBS3 data set. The SUBS3 and
SUBS2 subsystems are processed according to the input S codes for
their elements, leading to a final SYSTE M reliability simulation.

The alternate execution of the simulation and analysis phases of the
RAPID technique is necessitated by the limited size of the core
memory available on the 1620 system, since a '"nested' subroutine
technique would require all the subroutines containing models to
reside in core memory at the same time.
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3.3.5 System Outputs

The IBM 1620 Reliability Simulator has a group of subroutines
which output the results of a system simulation and analysis in a set
format. The pertinent input data and system identification are provided
along with the results, for easy reference. The system model is printed
also, if this is requested at the time the input data are submitted for
running on the computer. This print-out of the model is accomplished
by setting a switch on the IBM 1620 console.

To illustrate the standard output format, the three-resistor Basic
Example Network, Figure B-1 in Section 2, was analyzed using the
Reliability Simulator. The output from this computer run is given in
Figures B-42 and B-43. Note that the general form of the model in
Figure B-42 follows the one developed in Section 2.3, with the exception
that the variable '""X" is employed in the figure as an intermediate step
in developing the Total Row Probability statements.

The first part of Figure B-43* summarizes the SDA and SMA inputs
under the standard title block providing the system name and system
mode name. Each submode of the SMA is numbered in increasing
order. If more than one submode exists within a given order, these
are numbered sequentially also, as noted under the "(O/N)" column of
the output SMA.

The model must be evaluated for each point in time for which a relia-
bility value is desired. The TIME CARDS in the input deck define
those points in time to the simulator. After the SDA and SMA inputs
are given, outputs are given for each point in time summarizing the
probability calculation involved in the model. The time value is given
followed by columns identifying:

a. The Submode Probabilities (called '"'Submode Probability' on
the page),

b. A factor called Relative Weight, indicating the proportion of
the total sum of Submode Probabilities contained in each
submode,

c¢. The sum of the total Row Probabilities within each order,

d. The sum of all Total Row Probabilities, i.e. P(SYSTEM
OPEN MODE).

The total mode summary table follows the summaries of the calcula-
tions for each point in time. This is simply a review of previous

*In order to conserve space, data in this figure, which ordinarily would
be printed on separate pages, has been combined.
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calculations with an additional column for one minus the system mode
probability.

The output format concludes with Element Descriptions (ordinarily one
page per element) summarizing the element data originally provided
as input to the Simulator.

The element summaries for the three-resistor example system are
given on the last three sections of Figure B-43.

SUBROUTINE RAPO16 (BP,TR4P)
DIMENSION BP(100),TR(100),P(50,10)
BP(1)=P(1,42)
BP(2)=P(2,2)%P(3,2)

X=l.

TR(1)=X

TR(1)=TR(1)*BP(1)
X=(le-P(1y2))

TR(2)=X

TR(2)=TR(2)*BP(2)

RETURN

END

Figure B-42. Reliability Model for 3-Resistor Basic
Example Network
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RAPID-Mi * PROBABILISTIC SYSTEM MODE ANALYSIS = PAGE 1 OF 12
RES=-SYS EXAMPLE RESISTOR SYSTEM DATE 9/14/65
SYSTEM OPEN MODF
e R Rt SR S RPN I ( JRIEE T QUNES U S e e e e e e e e
SYSTEM
DEFINITION ARRAY
————————————————————— ELEMENTSmmemmem e e e e

1 2 3 4 5

12345678901234567890123456789012345678901234567890

SPECIFIED MODES * 222

o
b

o sy
Py

e e R e R e e e K 3 o e a3 e e 3K e B e B 3 e 3 3 e S e 3 —— e 3 T S e 3
SYSTEM
MODE ARRAY
--------------------- ELEMENT Smmmmmm e e
1 2 3 4 5

12345678901234567890123456789012345678901234567890
SUBMODE ( O/ N) s s

1 ( 1/ 1) = 1 %
2 (27 1) % 11 3
32 e S e S e e S e B o 3 e e S e 3 o e e 3 e e 3 e B e G i 3K e 3 e e 3K i B e o 3 S o S o
TIME = 0.00000 HOURS
SUBMODE SUBMGDE RELATIVE TOTAL ORDER TOTAL MODE
SUBMODE ( O/ N) PROBABILITY WEIGHT PROBABILITY PROBABILITY
1 ( 1/ 1) 0.,00000000 0.00000000
2 ( 27 1) 0.,00000000 0.00000000 0.00000000
e e e e K e 3 3 e S 3 e B B S e 3 o o 3 i o 3 3K 3 e S e e e 3
TIME = 1,00000 HOURS
SUBMODE SUBMODE RELATIVE TOTAL ORDER TOTAL MODE
SUBMODE ( O/ N) PROBABILITY WEIGHT PROBABILITY PROBABILITY
1 (17 1) . 00008999 «9999100 +00008999
2 ( 2/ 1) 0.,00000000 +« 0000899 0.,00000000 « 00009000
e et e G 3K 3K e B S o 3G 36 3K T e e e e S e 3 e e e S e e — 3
TIME = 2.00000 HOURS
SUBMODE SUBMODE RELATIVE TOTAL ORDER TOTAL MODE
SUBMODE ( 0O/ N) PROBABILITY WEIGHT PROBABILITY PROBABILITY
1 ( 1/ 1) .00017998 «9998200 «00017998
2 ( 2/ 1) .00000003 +0001799 «00000003 .00018001

Figure B-43. Standard Simulator Output Format (1 of 3)
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SO S AU UGS /SIS S PGt JUPRC "SRR SN PR R L e S I SR PP P

TIME = 3,00000 HOURS
SUBMODE SUBMODE RELATIVE TOTAL ORDER TOTAL MODE
SUBMODE ( O/ N) PROBABILITY WEIGHT PROBABILITY PROBABILITY
1 ( 1/ 1) « 00026995 «9997301 «00026995
2 ( 27 1) .00000007 « 0002698 « 00000007 .00027002

P S U VU S U e PSP SO P PN SN T U DU S PRI Sy U L

TIME = 3.26666 HOURS
SUBMODE SUBMODE RELATIVE TOTAL ORDER TOTAL MODE
SUBMODE ( O/ N) PRDBABILITY WEIGHT PROBABILITY PROBABILITY
1 ( 17 1) «00029394 «9997061 «0002939¢4
2 ( 27 1) «00000008 +0002938 «00000008 «00029403

Bl s e e atet Rt TR L Rt R R e R e T e e S At Ll E e LDt L L bt D

TIME = 3453333 HOURS
SUBMODE SUBMODE RELATIVE TOTAL ORDER TOTAL MODE
SUBMODE ( 0O/ N) PROBABILITY WEIGHT PROBABILITY PROBABILITY
1 (17 1) «00031793 «9996821 »00031793
2 ( 2/ 1) «00000010 «0003178 «00000010 «00031804

Bt et bt et b e L R Bt e et it L Bt e S Ly Lt et

TIME = 3.80000 HOURS
SUBMODE SUBMODE RELATIVE TOTAL ORDER TOTAL MODE
SUBMODE ( O/ N) PROBABILITY WEIGHT PROBABILITY PROBABILITY
1 ( 1/ 1) «00034192 «9996582 «00034192
2 { 2/ 1) «00000011 « 0003418 «00000011 « 00034204

et e e e e e n K B o e et K e e K e ek WK e R R K R e K e
TOTAL MODE SUMMARY TABLE

OCCURENCE N-OCCURENCE
TIME (HOURS) PROBABILITY PROBABILITY
0.000000E~99% 0.00000000 1.00000000
1.000000E+00 « 00009000 « 99991000
2.,000000E+00 .00018001 «99981999
3.000000E+00%* «00027002 « 99972998
3,266666E+00 «00029403 «99970597
3.533333E+00 .00031804 299968196
3.800000E+00% «00034204 99965796

NOTE * INDICATES A TRANSITION TIME

Figure B-43.
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- . —

T R U 2T U e e

e ok e e K K e e e o e e a3 e K e e e oS e K e K e S e e

ELEMENT DESCRIPTION

ELEMENT-01
RESISTOR 1 El
FAILURE RATE PER MILLION HOURS = 100.00000
ELEMENT CONDITIONAL
MODE SYMBOL ELEMENT MODE NAME PROBABILITY
0 -———— -
1 OPEN «9000
2 SHORT « 1000
TIME INTERVAL (HOURS) K FACTOR
0.000E~99 TO 3.000E+00 1.00E+00
3.000E£+00 TO 3.800E+00 1.00E+00

= R el e e e e e ol K e e e e e S e B o e K e 3 e e B e K
ELEMENT DESCRIPTION
ELEMENT-02
RESISTOR 2 E2

FAILURE RATE PER MILLION HOURS = 100.00000

ELEMENT CONDITIONAL
MODE SYMBOL ELEMENT MODE NAME PROBABILITY

OPEN «9000
SHORT «1000

N = O

TIME INTERVAL (HOURS) K FACTOR

0.000E-99 TO 3.000E+00 1.00E+00
3.000E+00 TO 3.800E+00 1.00E+00

e e e e e K e e K 3K e e B e e 3K K e e e B S e 2 e 2 K e B e S e e

ELEMENT DESCRIPTION

ELEMENT-03
RESISTOR 3 E3
FAILURE RATE PER MILLION HOURS = 100.00000
ELEMENT CONDITIONAL
MODE SYMBOL ELEMENT MODE NAME PROBABILITY
0 - -
1 OPEN «9000
2 SHORT «1000
TIME INTERVAL (HOURS) K FACTOR
0.000E-99 TO 3.000E+00 1.00E+00
3,000E+00 TO 3.800E+00 1.00E+00

Figure B-43. Standard Simulator Output Format (3 of 3)
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3.3.6 Program*

The program which implements the RAPID technique on the
IBM 1620 is designed to operate under the LSI version of IBM's 1620-1443
Monitor II. Because of the size of the program, it has been coded as
two mainline programs referred to as routines which link to each other
for the required transition from the simulation phase to the analysis
phase and vice-versa. These two routines and their required subroutines
are presented in a brief narrative, flow chart, and program listing form
in this section. The only exception to this is the subroutine RAPO016,
which is generated by the Reliability Simulator and contains the system
reliability model. Because this subroutine is different for each model
generated, only a typical program listing and a brief narrative are
included in this section. The assembler language used is SPS-IID and
the higher level source language is FORTRAN II-D.

There are some limitations on the inputs to the IBM 1620 version of
the RAPID technique. These represent limitations on the inputs only.
It is possible to keep the inputs within these limits and have the size
of the generated subroutine RAP016 large enough to prohibit compil-
ation or execution of the analysis phase. If this occurs, it is
suggested to divide the system into subsystems and repeat the simu-
lation and analysis.

e Number of Elements One to fifty elements are

allowed for each system.

e Element Modes - One non-failure mode and from
one to nine failure modes are
are allowed for each element.

e System Modes -  One non-failure mode and from
one to nine failure modes are
allowed for each system or
subsystem.

® Submodes - From one to one-hundred rows
or submodes are allowed for
each System Mode Array.

e Transition Times

From one to twenty-five tran-
sition times are allowed for a
given analysis.

*A1l figures mentioned in this section will be found in the end of this
section.

B-114




RAPID1 (Figures B-44 and B-45)*

This routine is one of two "mainline'" programs which direct the
RAPID simulation and analysis. The data input and model gen-
eration are carried out by this routine and its subroutines.
RAPID1 determines which inputs are required for the simulation
and analysis and calls on the appropriate subroutines. The CALL
MONITR statement directs the FORTRAN II-D Compiler to com-
pile the subroutine RAP016 which was coded by RAP004 and

store it in object form on the disk files. The CALL LINK
(RAPID2) statement causes the second "mainline" program,
RAPID2, to be loaded and executed.

RAPID2 (Figures B-46 and B-47)

This routine is the ""mainline" program which directs the analysis
portion of RAPID. The CALL LINK (RAPIDI1) statement causes
the first "mainline'" program, RAPID1, to be loaded and executed.

RAPO01 (Figures B-48 and B-49)

This subroutine is called by the routine RAPID1. RAPO001 will
read in the type 1,2,3 amd 4 cards and check these cards for
errors. The sequence of cards is also checked. The System
Definition Array is checked for numeric entries and also
determines if the proper number of element entries are present.
The table of system code and mode numbers is scanned to

deter mine if there has already been a similarly designated
system analyzed. The location of this table and other work areas
of the disk referred to below are given in Table B-1.

*Figures B-44 through B-87 represent Logic Flow Charts and
Program Listings for all of the IBM 1620 programs and
subprograms.
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Table B-1, Disk Storage Layout, RAP001 - RAP009

RECORD NOS. CONTENTS INDEX*
1-500 c(,J),Ed1,J) 10xI+J-9
501-1500 ELEMENT MODE NAMES 490+10xI+J
1501-1550 ELEMENT NAMES 1500+1
1551-1600 ELEMENT CODES 1550+1
1601-1850 K FACTORS 1596+5xI
1851-2050 CURRENT SUMMARY TABLE
2051-2200 STORED SYSTEM CODES
2201-9999 STORED PROBABILITIES

*] = ELEMENT NUMBER

J = ELEMENT MODE NUMBER

The indicator IERROR conveys the reason for entry to RAP001. IERROR

equal to zero indicates a new system is being analyzed and the first

card read should be a type 1 card.

If IERROR is equal to one, then

an error had been detected in a data set and RAP001 must locate the
beginning of the next data set. This is accomplished by means of the
This subroutine enables column 80 of each
input card to be examined, before the information on the card is
transmitted to computer memory, until a type 1 card or the end of
the input data is encountered.

FRSTRD subroutine.
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RAPO002 (Figures B-50 and B-51)

This subroutine is called by the routine RAPID1. This subroutine

reads in the type 5 cards which contain the System Mode Array.
Each card is checked for valid entries. If an input error is de-
tected, IERROR is set equal to one and a branch back to RAPIDI1
is executed.

If there are no errors in the input, the System Mode Array is
rearranged so that first order submodes appear first, second
order submodes are next, and so on. RAP002 also determines
the population of submodes within each order. The rearranged
System Mode Array is then stored on the disk file for use by
other subroutines.

RAPO003 (Figures B-52 and B-53)

This subroutine is called by the routine RAPID1. RAPO003 per-
forms the STRIP logic to take into account the fact that some
submodes of the System Mode Array may overlap one another.
The System Mode Array constructed by RAP015 is processed.
This STRIPed System Mode Array is then stored on the disk
file for processing by subroutine RAP004.

RAP004 (Figures B-54 and B-55)

This subroutine is called by the routine RAPID1. RAP004
utilizes the coded information stored by RAP003 on the disk file
and generates the subroutine RAP016, written in FORTRAN II-D.
RAPO16 is stored in card image format (2 sectors per card) on
the disk files.

RAP005 (Figures B-56 and B-57)

This subroutine is called by the routine RAPID1. RAPO005 de-
termines the total number of pages of output. This is calculated
as a function of total number of points in time for which a de-
tailed analysis is required, the number of rows in the System
Mode Array, and the number of elements in the system. The
first page of output is also printed by this subroutine. If the
System Mode Array contains more than 35 rows, a second page
is printed. A third page is required if the System Mode Array
contains more than 81 rows.
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RAP007 (Figures B-58 and B-59)

This subroutine is called by the routine RAPID1. RAPOOQ7 reads
and checks the type 6 cards. If anS code for an element is zero,
a search for the stored probabilities is made to locate them. I
they are not found, IERROR is set to one and a branch back to
RAPIDI1 is executed. For an S code of one, a check on the con-
ditional probabilities is made to determine if they sum to one.

A non-one sum indicates an error in the input data.

Element mode numbers and element numbers are also checked
for validity. Any error condition will result in a diagnostic
message on the printer, IERROR set equal to one, and a branch
back to RAPIDI.

RAP008 (Figures B-60 and B-61)

This subroutine is called by the routine RAPID1, if any element
of the system under study has an S code of one. This subroutine
reads in type 7 cards which contain the environmental (K) factors
to be used with an exponential failure distribution. RAPO008 then
records these values on the disk file for later use in the analysis.

The element numbers are checked for validity and the sequencing
of the data cards is also checked. A check is also made to
determine whether all required K factors have been supplied or if
too many type 7 cards have been included. In the eventan error
is detected, IERROR is set equal to one and a diagnostic message
is printed. A branch back to RAPID1 is then executed, returning
control to that routine.

RAP009 (Figures B-62 and B-63)

This subroutine is called by the routine RAPID1 if any element of
the system under study has an S code of two, indicating that prob-
abilities for that element are to be read in from type 8 cards.
RAPO009 records these element probabilities on the disk files and
makes corresponding entries in the table of recorded probabilities.
After this is accomplished, these elements are treated in exactly
the same manner as those elements with an S code of zero.

The element numbers are checked for validity along with the
sequencing of data cards. A check is also made to determine if
sufficient type 8 cards have been supplied. In the event an error
is detected, IERROR is set equal to one and a diagnostic message
printed. A branch back to RAPID1 is executed, returning con-
trol to that routine.
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RAPO010 (Figures B-64 andB-65)

This subroutine is called by the routine RAPID2. RAPO010 de-
termines the value of the required element mode probabilities.
For elements with an S code of zero or two, the probabilities
are read from the disk file. For elements with an S code equal
to one, the exponential failure rate information is used to cal-
culate the element mode probabilities for time t.

RAPO11 (Figures B-66 and B-67)

This subroutine is used in conjunction with RAP010 and is called
by the routine RAPID2 if any of the elements require their ele-
ment mode probabilities to be calculated from the exponential
function.

In effect, this subroutine carries out the task of summing the
factors that go into the x of e”* . An updating of this sum is
performed at each transition time. This sum is recorded on the
disk files and used by RAP010 as the variable E.

RAPO12 (Figures B-68 and B-69)

This subroutine is called by the routine RAPID2. RAPO012 prints
out a detailed analysis page for each time t that the system re-
liability is computed. The submode relative weights and total
order probabilities are computed within this subroutine. The
probability of occurrence of the system mode is recorded on

the disk files along with the probability of non-occurrence.

RAPO013 (Figures B-70 and B-171)

This subroutine is called by the routine RAPID2. RAPO013 prints
out a summary table of the probabilities of occurrence and non-
occurrence of the system mode under consideration. The number
of pages printed for the table is determined by this subroutine,
and appropriate continuation page headings are included when
necessary.

Upon completion of the printing, the probabilities are recorded
on the disk files and an entry in the table of stored probabilities
is made. These probabilities can be used as element mode
probabilities in later analyses by specifying an element code to
be the same as the current system code and by giving the
element an S code of zero.
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RAP014 (Figures B-72 and B-73)

This subroutine is called by the routine RAPID2. RAPO014 prints

a one page description for each element in the system. This ‘
description contains the element number and its code. The ex-

ponential failure rate per million hours is also included for those

elements with an S code of one along with environmental (K)

factors for the various time intervals. The element modes

available to each element and, if supplied, element mode names

are also printed on the element description page.

RAP015 (Figures B-74 and B-75)

This subroutine may be called by the routine RAPID1. A system
code which is non-zero indicates the System Mode Array must be
stored on the disk files for possible combination with other
System Mode Arrays of the same system. RAPO15 is the sub-
routine which combines these System Mode Arrays. The variable
IBUILD indicates the number of submodes in the combined System
Mode Array.

RAPO016 (Figure B-42)

Subroutine RAPO016 is written in FORTRAN II by subroutine
RAP004 and compiled by a call to the Monitor II system from
RAPID1. It contains the model or equation for the system mode
being analyzed by RAPID2. Since this subroutine is different for
each System Mode Array, the listing which appears in this
appendix is only typical.

RAPO017 (Figures B-76 and B-77)

Subroutine RAPO017 is called by the routine RAPIDI1 if the value
of MCODE is zero. This subroutine then takes the combined
System Mode Array stored on disks and rearranges it as one
large SMA. The rearrangement consists of placing first order
submodes, if present, as the first rows of the SMA, then second
order submodes and so on. The subroutine then defines the
number of rows. It also counts the number of submodes of each
order. This information is recorded on disks as NUMOR (1)
through NUMOR (50). The location of the NUMOR array on
disk is given in Table B-2.
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Table B-2. Disk Storage Layout RAP017 - RAP021

SECTOR VARIABLES TOTAL DIGITS
110000 NUMOR(Y). . . NUMOR(50) 100
110001 NST(1). . . NST(25) 100
110002 NST(26). . . NST (50) 100
110003 ICODE(1). . . ICODE(25) 100
110004 ICODE(26). . . ICODE (50) 100
110005 NIT(1). .. NIT(25) 100
110006 FLAMB(1). .. FLAMB(10) 100
110007 FLAMB(11). .. FLAMB(20) 100
110008 FLAMB(21). . . FLAMB(30) 100
110009 FLAMB(31). .. FLAMB(40) 100
110010 FLAMB(41). .. FLAMB(50) 100
110011 LN(1). .. LN(23),NT, IPAGE 100
110012 LM(1). .. LM(23),NEL, ITOTAL 100
110013 TT(1). .. TT(10) 100
110014 TT(11). .. TT(20) 100
110015 TT(21)...TT(25), LS(1). .. LS

(8), LD(1). .. LD(3), NR 98
110016 MENT, ITAB, IAVAIL, MCODE,
IBUILD, MSAVE(l). . . MSAVE(4) 36
110100
CURRENT SYSTEM MODE ARRAY
110199 .
110200
COMBINED SYSTEM MODE ARRAY
111099
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RAP018 (Figures B-78 and B-179)

The subroutine RAPO018 is called by the routine RAPID1. The
purpose of the subroutine is to record the values of the following
variables and arrays on disks.

ARRAYS (SIZE)

NST (50)
ICODE (50)
NIT (25
FLAMB (50)
LN(23)

LM (23)

LD (3)

LS (8)

TT (25)
MSAVE (4)

VARIABLES

NEL

NT
MENT
ITAB
IAVAIL
IPAGE
ITOTAL
NR
MCODE
IBUILD

The arrangement of these variables and arrays along with disk
sector addresses is given in Table B-2.

RAP019 (Figures B-80 and B-81)

The subroutine RAP019 is called by the routine RAPID2. The
purpose of the subroutine is to set the values of the following
arrays and variables according to values stored on disks.

ARRAYS (SIZE)

NST (50)
ICODE (50)
NIT (25)
FLAMB (50)
LN (23)

LM (23)

LD (3)

LS (8)

TT (25)
MSAVE (4)

VARIABLES

NEL

NT
MENT
ITAB
IAVAIL
IPAGE
ITOTAL
NR
MCODE
IBUILD

The arrangement of these variables and arrays along with disk
sector addresses is given in Table B-2.
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RAP020 (Figures B-82 and B-83)

Subroutine RAP020 is called by the routine RAPID2. RAP020
records the values of the following variables on disk.

MENT MSAVE (1)
ITAB MSAVE (2)
IAVAIL MSAVE (3)
IBUILD MSAVE (4)

The locations on disks, including sector addresses, where these
variables are recorded are given in Table B-2.

RAP021 (Figures B-84 and B-85)

Subroutine RAP021 is called by the routine RAPID1. This sub-
routine reads the values for the following variables from disks
and sets variables used in RAPID1 accordingly.

MENT MSAVE (1)
ITAB MSAVE (2)
IAVAIL MSAVE (3)
IBUILD MSAVE (4)

The locations on disk, including sector addresses, where these
variables are recorded are given in Table B-2.

RAP022 (Figures B-83 and B-87)

This routine initializes all tables and indicators for the RAPID
analysis. The variable MENT is set to zero, indicating there
are no probabilities stored on the disks. ITAB is set equal to
1851, indicating there are no entries in the summary table.
IAVAIL is set equal to 2201, which is the first record number
available for storing calculated probabilities. MCODE and
IBUILD are both set equal to zero to indicate there has not
been a previous analysis for the current system and as a result,
there is no combined SMA. MSAVE (1) through MSAVE (4) are
also zeroed out to prevent a possible error condition the first
time RAPID1 uses them.
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OO0 OO0 0O00O0O000D0CCOHOOOO0O0O000 %

*

1

RAPID]

RAPID] - - - MAINLINE PROGRAM

FLAMB(5UL) ARRAY CONTAINING FAJLURE RATES PER HOUK

I INDE X

JAVAIL CURRENT AVAILABLE RECORD NuMpkR

IbuILD NUMbLER OF ROWS IN CUMBINcL SMA

ICODE (bv) ARRAY CUNTAINING S CoLk

IELRROR INDICATUKRSs U 1F NU INPUT ckRURe | 1F AN INPUT ERROR UCLURKED

IPAGE PAGE NUMBER

ITAB INDEX TO NEXT ENTRY IN RPROBABILITY SUMMARY TABLE

ITOTAL TOTAL NUMBER OF PAGES

L INDE X

LD(3) DATE OF RUN

LM(23) SYSTeM MODE NAME

LNC(23) SYSTEM NAME

LS(8) SYSTEM COLE

MA DUMMY VARIABLE

MCHECK (4 SYSTEM CODE SAVED IN THIS ARRAY

MCODE SYSTEM MODE NUMBER

MENT NUMBER OF ENTRIES IN THE SYSTem COLE TaBit

MSAVE (4) SYSTEM CODE SAVED IN THIS ARRAY

NARRAY NUMBER OF PROBABILITY ARRAYS

NEL. NUMBER OF ELEMENTS IN SYSTeM

NE X NUMBER OF SPACING LINES TO APPEAR UON INTERMEODIATE
PRINT OQUTS

NIT(25) NUMBER OF INTERMEDIATE TIMES FOR EACH TRANSITION INTERVAL

NR NUMBER OF ROWS IN SYSTEM MODE ARRAY

NST(50) ENTRIES OF THe SYSTEM DEFINITION ARRAY

NT NUMUER OF TRANSITION TIMES

SECT NUMBER OF SECTORS PER ARKAY

TT(25) TRANSITION TIMES

DIMENSION LS(8)¢LN(23)+LD(3)sLM(23) +NOT(S0) e TT(29)sNIT(25)+1CODE(S
10) «FLAMB(50)

DIMENSION MSAVE (4) yMCHECK (4)

DIMENSION MA(14+1)

OEFINE DISK (849999)

IERROR=C

L=1

MA(L JL.) =L

FIND (L)

CALL RAPO2]1 (MENT+ITAB+IAVAIL«IBUILD+MSAVE(1))

CALL RAPOO1 (LS+LNILD+sMCODE sLM¢NEL sNST o TTeNITeMENToNT ¢ JERROR«MCHEC
1K)

1TAB=1851

Figure B-45. RAPID1 Mainline Program, Program Listing (1 of 2)
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18
19
20

21

22

14

15
16
17

i1

IF(IBUILD)Y20418+20

DO 19 I=s1.+4

MSAVE (1)=MCHECK (1)

CONT INUVE

IF(MCODE)Y224+214+22

CALL RAPO17 (IBUILDWNELWNR)

GO TO 3

CALL RAPOO2(NEL +NSTe«NEXsNR+ IERROR)
IF(IERROR=-1)3¢1+3

CALL RAPOO3(NEL sNST+NRINARRAY s SECT +MCODE)
CALL RAPOO7 (NEL+NSTsICODEFLAMB+MENT ¢ IERROR)
IF(IERROR=-1)44144

DO S 1=1+NEL

IF(ICODE(1)-2)54¢645

CONT INUE

GO TO 7

CALL RAPOO8 (NEL+NT+ICODE ¢ IERROR)
IF(IERROR=1)7¢147

DO 8 I=1«NEL

IFC(ICODE(1)1-3)84¢948

CONT INUE

GO TO0 10

CALL RAPOO9 (ICODE ¢NEL ¢NSTsNTeNITs TAVAIL«MENT s IERROR)
IF(IERROR~1)10+1¢10

CALL RAPOO4 (NEL +NST+NARRAY ¢SECT +NR+MCUDE)
IF(MCODE) 12415413

1ERROR=]

GO TO 1

DO 14 I1=144

IF(MSAVE( [ )=MCHECK(1))15+14415

CONT INVE

CALL RAPOI1S(NRsIBUILD)

GO TO 16

IBUILD=C

DO 17 1=1+4

MSAVE(1)=MCHECK (1)

CALL RAPOOS (LSILNLDsMCODE +LMINST+NEL + NEXsNR ¢ IPAGE ¢ ITOTAL +NTWNIT)
CALL RAPO18 (NSTeICODEWNITFLAMBeLNILMILS LD +NTINELsTT+MENTSITABI

1AVAIL+IPAGE+ ITOTALWNR+MCUDEIBUILD+MSAVE(1))

CALL MONITR

CALL LINK(RAPRPIDZ)
L=FRSTRD (L)

END

Figure B-45. RAPID1 Mainline Program, Program Listing (2 of 2)
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NT]=
TI+0O ol T ‘ YES

YES

RAPO19
RETRIEVE DATA
FROMRAPIDA N<-NT-1
NO
u Oa 2N\
\j‘
NTI- RAPOY1 UPDATEE FNIT@NIT(I) +14
NTT +1 ’ Ja=t FOR EXPONENTIAL JeI +4
oy FAILURE RATES DT’_TT(I-H)-TT(I)
FNIT
NJ*NIT(I) +4
/ RAPON UPDATE € DT= 0.
FOR EXPONENTIAL | F -0,
\ FAILURE RATES NTI«NTI+H

Ta TT({I)+FXOT

RAPO10 CALCULATE
ELEMENT MODE
PROBABILITIES

| Ta-TT(I+1)

RAPO16 CALCULATE

PMODE =0, SMA ROW PROBABILITIES

K K+1 Jn-—-I PMODE<-PMODE+TRI(K)
EXCLUSIVE OF OVERLAP

RAPO42 PRINT
ANAYLSIS
PAGE

PMODE=|.-PMODE

RAPQ20 SAVE
DATA FOR
RAPIDA

RAPO14 PRINT RAPO13 PRINT YES
ELEMENT DISCRIP- SUMMARY €
TION PAGES PAGE

———.‘ LINK TO RAPID4 ’

Figure B-46. RAPID2 Mainline Program, Logic Flow Chart
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RAPID2

BP(100)
DT

F
FLAMB(50)
FNIT

1

IAVAIL
IBUILD
ICODE(50)
1 PAGE
1TAB
1TOTAL

J

K

L

LD(3)
LM(23)
LN(23)y
LS(8)
MCODE
MENT
MSAVE (4)
N

NEL
NIT(25)
NJ

NR
NST(50)
NT

NT1
NUMOR(50)
P(50410)
PMODE

T
TRC100)
TT(25)

DIMENSION
DIMENSION
F=0e

L=EXPF (F)

FIND (L)
PtLesl)=14

CALL RAPO19
LAVAIL « IPAGE ¢ ITOTAL ¢NR+MCUDE ¢+ IBUTLLD « NUMURSMSAVE (1))

NTI=0
N=NT-1

DO 8 I=1+N

- = = MAINLINE PROGRAM

BASIC SUBMODE PRUBABILITIES

TIME INTERVAL

WORKING VAR]ABLE

ARRAY CONTAINING FAILURE RATES PER HOUR
WORK ING VARIABLE

INDEX

CURRENT AVAILABLE RECORD NUMBER

NUMBER OF ROWS [N COMBINED SMA

ARRAY CONTAINING S CODE

PAGE NUMBER

INDEX TO NEXT ENTRY IN PRUBABICITY SUMMARY TABLE
TOTAL NUMBER OF PAGES

INDEX

INDEX

INDEX

DATE OF RUN

SYSTEM MODE NAME

SYSTEM NAME

SYSTEM CODE

SYSTEM MODE NUMBER

NUMBER OF ENTRIES IN THE SYSTEM CODE TAbLb
SYSTEM CODE SAVED IN THIS ARRAY

NUMBER OF TRANSITION INTERVALS

NUMBER OF ELEMENTS IN SYSTEM

NUMBER OF INTERMELDIATE TlMecS FUR cACH TRANSITIUN INTERVAL
NUMBER OF ELEMENT MODES FUR CURRENT ELEMENT
NUMBER OF ROWS IN SYSTEM MODE ARRAY

ENTRIES OF THE SYSTEM DEFINITION ARRAY
NUMBER OF TRANSITION TIMES

TIME INDEX FOR STORED PROBABILITIES

ARRAY CONTAINING NUMBER OF SUsMUDES OF BEACH ORUER
ELEMENT MODE PROBABILITY

PROBABILITY OF SYSTEM MODE UCCURRING
CURRENT TIME

SUBMUDE PRUBACSILITIES EXCLUSIVE UOF UVERLAP
TRANSITION TIMES

LSE8)eLN(23) +LD(3) sLMIZ23) s NST(S0) s TT(S0)sNIT(25) ¢ ICODLE(

15U) o FLAMB(S0) « TR(100)+BP(100) sNUMORI(S0) «P(50410)
MSAVE (4)
ODEFINE DISK

(8+9999)

(NSToICUDE o NI ToFLAMBILNGLMoLSsLDsNToNELeTTosMENTITAB I

IF (L=1)2+s142

DT=0.
F=0e
NTI=NTI+1

CALL RAPO11(NELWNST«TTel+FLAMBsNT,+ICOLE)

GO TO 3

FNIT=NIT(I)+1

Figure B-47.

RAPID2 Mainline Program, Program Listing (1 of 2)

B-129



10

11
12

—

J=l+1

DT=(TT(J)=TT(I)Y)/FNIT

NJ=NIT(I)+1

CALL RAPO11(NEL«NSTeTTel+FLAMBWNT« 1CODE)
DO 7 J=1eNJ

NTI=NTI+1

F=J

IF(NJU=1)3+3+20

IF(J=NJ)3 4444

T=TT(1)+F*DT

GO TO 21

T=TT(I1+1) 3

CALL RAPO10 (NELNSTeToeTToFLAMB«NT ¢ ICODE +NTI+MENT o +P)
CALL RAPO16(BP+TR+P)

PMODE=0.

DO 10 K=14e¢NR

PMODE =PMODE+ TR (K)

IF(MCODE) 12411412

PMODE=( 499999999 -PMODE)+.00000001

CALL RAPO12 (BP+IPAGE ¢+ ITOTAL ¢LSsLNsLDsLMeT sNRs ITABsTReNUMUR sNEL ¢ PM
ODE «MCODE )

IF (L=1)7¢94:7

L=0

GO TO 2

CONT INUVE

CONT INUVE

CALL RAPO13 (ITABWMENT+sIPAGE s ITOTAL LS eLNILDLMsJAVAILsTT«NT+MCODE -

)

CALL RAPO14 (I1PAGE+ITOTAL sLSeLNJLD ¢LMeNEL ¢+NST e ICOLEFLAMBTT«NT)
CALL RAPOZ20 (MENT ITABsIAVAILWIBUILDsMSAVE(L))

CALL LINK(RAPIDI1)

END

Figure B-47. RAPID2 Mainline Program, Program Listing (2 of 2)
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CENTER
SYSTEM
NAME
WITHIN THE
LN ARRAY

CENTER
MODE NAME
WITHIN THE
LM ARRAY

@ Dero

YES

Iw—

PRINT PRINT
DATA SYSTEM
e SET CODE  [*YES g It
| GNORED ERROR

[eI+1

PRINT
ERROR

PRINT
DATA

SET
IGNORED

NO
YES‘— Ie—I+1

r‘—vss—-m«—nsui & Ie—! NO
ﬁ Ie—NN |e-YES YES‘& Te—I+1
YES NO
NO

NO
READ
J=-2050+1 RECORD J g1 O
NST(1)...NST(5)

READ NT,
TT(1)...TT(5)
NIT(1)...NIT(5),
MARK

YES

NO

PRINT
CARD

TYPE
ERROR

Figure B-48.

RETURN

I+—I+5

READ
TT(I) ... TT(I+4),

YES

NO NITCI)... NiT(I+4),
MARK

RAPO01 Subprogram, Logic Flow Chart (2 of 2)
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OO0 O0O0O0O00O0000O0000000N0000000 00

[eNe!

O00

10u
101
102
1C3
104
105

106
107
108

47

49

RAPUO1

1
1ERRUR
J

JJ

K

KK
L(46)
LD(3)
LM(23)
LN(23)
LS(8)
LT(8)

M

MARK
MCHECK (4)
MCODE
MENT

N

NEL
NIT(29)
NN
NST(50)
NT
TT(25)

INDEX

INDICATURe U [F

INDEX
INDE X
INDEX
INDEX

INPUT FrOm

DATA TRANSHMITTAL FuRM |

NU IINPUT BExbkURs 1 IF AN

TEMPORARY WURKING ARRAY
DATE OF RUN

SYSTEM
SYSTEM
SYSTEM

MODE NAME
NAME
CODE

TEMPURARY WORKING ARRAY

INDEX
1eDoe
SYSTEM
SYSTEM
NUMBER
INDEX
NUMBLR
NUVIDER
INDEX

ENTRIES OF THe SYSTew

NUMBER

NO o

IN COL e
CODE SAVED
MODE NUMBER
OF ENTRIES

80 OF INPUT CARDS
IN THIS ARRAY
IN THE SYSTcM COut TAobko

OF ELEMENTS IN SYSTem
OF INTERMLODIATE TlimedS FUurR EACH TRANOLGITIUN

DEF INTITION ARRAY
OF TRANSITION TIMES

TRANSITION TIMLS

SUBRUUT IiNE RAPOQOL

1 « MCHECK)

ITNPUT ERRUK UCCURKL L

INTERVAL

(LSelivel DenmiCubDE sl mviaNL L o INOST o TT orn [ TamimiNT o 1vT 0 Jo kUK

DIMENSIUN LS(8) sLN(Z23)sLD(3)sm(23) aNoT(20) «TT(25) «NIT (D) LTlo) oL

1(46)

DIMENSION MCHECK(4)

FORMAT
FORMAT
FURMAT
FORMAT
FORMAT
FORMAT

FORMAT
FORMAT
FORMAT (1H

IF ERRUR

(1H
(33H

(BX48A1 16X e23ALe6X e I201Xe 201 Xel2410)
(I3+4614X+23A2+415Xs12)
(I3¢17XeD0A148Xs12)
(I3+¢5(1XesE10e2¢1Xe[3)012)
{3XeD(1XsE1CecelXal3)el2)

(13H SYSTem
1051Y ASSIGNED)

CUDLE +8AL117H WITH LYoSTewm

s12+21H CARD OUT OF SEQUENCE)

ERRUR
«25HDATA SET

IN SYSTEM DeFINITION ARRAY)
IGNOKED - RAPOO1)

FIND bEGINNING UF NEXT UATA obeT

IF(IERROR-1)49+47 449
1=FRSTRD(80)
IF(1=71)564¢55456

READ
IERROR=0
GO TO 1

READ
GO TO 47

READ TYPE 1

READ

10141

IF{MARK~=1)9+14¢9

Figure B-49.

CARD

10U (LS (I)el=1+8)e(LN(I)oI=1e23)e(LDCI)sl=1e¢3)eMARK

(SYSTEM NAME)

10U e (LS(I)eI=108)e(LN(I)eI=1e23)s(LD(I)sI=1e¢3)eMARK

RAPO001 Subprogram, Program Listing (1 of 3)
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O 00

OO0

(@]

00

000

26

N

57

10

11

30
21

25

27

READ TYPE 2 CARD (SYSTEM MODE NAME)

READ 101 sMCUDE«(LM(I)eI=1423) s mARK
IF(MARIK=2)9 4269

CHECK SYSTEM AND MODE CODL

DO 2 1=148

LTC1)=0

J=1

DO 4 1=148
IF(LS(I))3e443

LT =LS(])

J=Jd+1

CONTINVUE

LT =LT(1)+LT(c)/100
LT(2)y=LT(3)+LT(4)/100
LT(3)=LT(9)+LT(6)/100
LT(4)y=LT(7)+LT(B)Y/100
LT(5)=MCODE

DO 57 J=14+4
MCHECK(J)Y=LT(U)
IF(MENT )69 1G4

CO 8 1=1sMENT
J=2050+1

FETCH (J)INST(K)sK=145)
DO 7 J=145
IF(LT(J)I~NST(J))BeT7+8
CONTINUE

ERROR IN SYSTEM AND MODE COLC

PRINT 1054sLS+MCODE
GO TO 32
CONT INVE
GO TO 10

CARD SEQUENCE ERROR

PRINT 106+MARK
GO TO 32

CENTER SYSTEM NAME

DO 11 I=1.23
L(2¥[=-1)=LN(1)/7100
L¢(2%)=LN{])=-(LN(I)/100)%100
KK=1

GO TO 28

DO 21 [=1423
LNCI)=L(2%1-1)%100+L(2%])

CENTER MODE NAME

DO 27 I=14a3
L(2*¥1=-1)=m(]1)/7100
L(2%[)=LM(])-(LM(])/7100)%*100
KK=2

GO TO 28

DO 37 I=1+23

LMCI)=L (2% —1)*100+L(2%1)
GO TO 41

CENTERING ROUTINE

Figure B-49. RAPO001 Subprogram, Program Listing (2 of 3)
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O

00

(el eNg!

P _——— —— T

28 N=0
DO 13 I=1446
IFIL(I))I140120t4
12 N=N+1
13 CONTINUE
GO TO 33
14 M=0
J=46
DO 16 I=14+46
IF(L(JIILI 7415617
15 M=M<+1
16 J=J=-1
17 NN=(N+M) /2
IF{N=NN)18+¢33+22
18 K=NN-=N
NN=46~-N-M
DO 19 I=1+NN
J=47-M-1
JJ=J+K
19 L(JJ)y=L(J)
DO 20 I=14K
J=JdI=-1
20 L(J)Y=0
GO TO 29
22 Kz=N-=NN
NN=46=-N-M
DO 23 I=1«NN
J=N+I=-1
JJI=J=-K
23 L(JJy=L(J)
CO 24 1=1«K
JaJdJI+1]
24 L(J)=0
29 GO TO (30¢31) KK
33 GO TO (25441) KK

READ TYPE 3 CARD (SYSTEM DEFINITIUN ARRAY)

41 READ 102¢eNEL«(NST(1)e1=1e¢50)¢sMARK
IF(MARK=3)9¢42+9

CHECK SYSTEM DEFINITION ARRAY ENTRIES

42 NN=NEL+1
DO 52 I=1eNEL
IF(NST(1))52451452
52 NST(I1)=NST(1)7100~=70
IF (NEL-50)53¢54454
53 DO S0 I=NN«50
IF(NST(1)151450451
50 CONTINUE

READ TYPE 4 CARDS (TIMES)

54 READ 103 eNT«(TT(1)«NIT(I)eI=21e5) ¢ MARK
IF(MARK=4)G¢43+9
43 IF(NT=5)46+46444
44 DO 45 1=6¢NT«5
READ 104.TT(I)0NIT(I)0TT(1+1)oNlT(I+1)0TT([+2)oNlT(l+2)oTT(l+3)oNl
1T(I43)eTT(144) «NIT(1+4)+MARK i
IF(MARK=4)9¢454¢9
45 CONTINUE
46 RETURN

ERROR IN SYSTEM DEFINITION ARRAY eNTRY

51 PRINT 107
32 PRINT 108
GO TO 47
END
Figure B-49. RAPOO1 Subprogram, Program Listing (3 of 3)
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e T " e L

RAPUOZ - -

Nk ok ok Kk Kk k

NS ' *¥+101

INPUT FROM DATA TRANSMITTAL FURM 11

AND REARRANGEMLENT UF THL SYSTheM muuk ARKAY BY ukULR

SUBROUTINE L INKAGL

DC  64+9878984+5-5
DAC 6+RAP0O02+7-5
DVLCZ22=S5+¢5+LAST 4240892404951 RAPUUCZ—64900030+0

DSC 174040

DORGS~100
INSUB DSA O
NST DSA
NE X DSA
NROW DSA
IERRORDSA

[el¥e ol el

NEL DS Oe+INSUB

DC 1o

Cl1

ce
COUNT 1
COUNTZ2
I
IERROR

INPUT
J

K

LREC
MAXORD
NEL
NE X

NROwW

NST (50)
NUMOR (50)
ORDER(100)

R
RESET
RMK
ROWS
SAVES
SAVET
SMAH 1
TOP
TSMAHI
WORK
ZERO

% ok ok ok ok ok k ok ok ok k ok k ok k k ok ok k ok k k Kk %k k k % ok k k k k k *

¥*

INPUT DAS
RESET DSA
SMAHI DSA
TSMAHIDSA
SAVES DSA
SAVET DSA

OO0 OO0 ®

Figure B-51.

PROGRAM CONSTANTSs VARIABLESs AND ARRAYS

FIELD TO CONTAIN BINARY REPRESENTATION

FIELD TO CONTAIN BINARY REPRESENTATIUN

COUNTER

COUNTER

INDEX

INDICATURs O IF NU [NPUT BkiRORe 1 [F AN INPUT LUK
OCCURRED

INPUT AREA

INDEX

INDEX

LENGTH UF ReCURD FUOR cACH RUW UF ThHt SYSTurm Mubn ARKAY
LARGEST uURDLR PRESLNT IN CURREINT 5Y5Thm muuc ARKAY
NUMBER OF ELEMENTS IN SYSTEM

NUMBER OF SPACING LINLSD Tu APPEAR UN INTekmeUDlATe
PRINT OUTS

NUMBER OF ROWS IN SYSTEM MODE ARRAY

ENTRIES OF THE SYSTE™M VDEFINITIUON ARRAY

ARRAY CONTAINING THE NUMbEK OF EACH ORLER

ARRAY CONTAINING THt uRDER OF BEACH RUN IN THE SYSTewm
MODE ARRAY

INDEX

ADDRESS INITIALIZATION CONSTANT

RECORD MARK

NUMBER OF ROWS IN SYSTeEM MODE ARRAY

ARRAY ADDRESS INDEX

ARRAY ADDRESS INDEX

ARRAY ADDRESS INDEX

HIGHEST ADDRESS IN MEWMURY

ARRAY ADDRESS INDLEX

WORK AREA

CONSTANT TO INITIALIZE WORK AREA

RAP002 Subprogram, Program Listing (1 of 8)
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LREC DC 440
DS 1
NUMOR DC 2400
DI 48,000000CC0ON0ON000NNAE00000000G0O0CONOCONO0O00000000000
DC S0+000000000000000000000000000000000Q0C00000000000000C
ORDER DC 2400
DC 48+.00000000000000000Q0000000080000C00C00000000000000
DC S0.C00000000000C000N0K00000G000000000R0N00C00000Q000000
DC 50,00C00000000000000000000000000000000N0LO00000Q00000
DC S0,000000000000000000000000000000000ACONANNNOCNOO00000
ROWS pDs 3
R DS 3
1 DS 3
J DS 3
COUNTIDS 2
COUNT2DS 2
MAXORDDS 2
TOP DS ¢59999
Ci1 DSS 50
DC 1ot
cz DSS 50
DC 1o
ERMES DAC 21+TYPE 5 CARD MISSINGe ¢
ERMESIDAC 32+ENTRY FOR ELEMENT NOT IN SYSTEM?
ERMESZ2DAC 21.DATA wILL BE IGNORED?
ERMES3DAC 37+«BLANK ROW IN SMAWEXECUTION CONTINUES!
ERMES4DAC 25+ ILLEGAL CHARACTER IN 5SMA't
K DS 3
DS 1
WORK DSSs 50
RMK DC le?
ZERO DSC S0.0000000000000000006000000000000000ONQ00000000000000
DC 1o
MES2 DAC SO0 ELEMENT MODE NUMBER IN SMA [S LARGER THAN THAT SPE
DAC 15+CIFIED IN SDAs
DSKOUTDDA +141010041+WORK
DC 1o
OuUTGO DD +DSKQUT s s s A
De DDA +14100004¢1 ¢« NUMOR=-1
DC 1o
DORDERDD D240 0A
CARD DCA +INPUT
ER WRAMES2
ERR DPRA +ERMES
ERR1 DPRAJERMES
ERRZ2 DPRAJERMESZ
ERR3 DPRAERMES3
ERR4 DPRAJERMES4
*
* TRANSFER OF ARGUMENTS
*
DC 540
RAPQOUZTFM TF+6«INSUB-4
AM TF+6¢4 410
AM RAP0O02~145410
TF CF+11+RAP0O0O2=1+11
BNF #+36¢CF+11
CF CF CF+11
TF CF+114CF+11411
TF TF INSUB«CF+11
Figure B-51. RAPO002 Subprogram, Program Listing (2 of 8)
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AM TF+6+¢1410
BNR RAPRPGCOZ+1Z2«TF+6¢11
AM RAPUOZ2=-142410

*

* START OF SUBROUTINE

*

INDEXIBBASBANDA

BBBSBANDS
TOM XOUN +11e¢00 0 SET BAND O £XIT
B7 BANDO
BANDA TD¥ XON +1llelans SET BAND 1 LXI1
B7 BANDO
BAND3 TDM XON +11e200 SET BAND & EXIT
BANDO BS *#+12¢04 SELECT BAND O NOw

TFM *¥+18¢ INPUT~1
CLEAR TuM INPUT .0
CM  CLEAR+64 INPUT+160

BE #+32
AM CLEAR+641410
B7 CLEAR

TFM LOOP3+4341410
TF LRECWNEL11
AM  LRECe1410
TFM RESET.TOP
S RESET«LREC
TFM %¥+30¢ZERQO
A *¥+18eNLLo11
REMOVETD 0+RMK
¥*
* READ FIRST TYPE 5 CARD (NUMBER UF xUwsS ANL FIKST RUw)
*
GET CARD
BTM TYPES¥+12
BTM CHECK«¥+12
BTM ALPHA+¥+12
TD ROWS=2+INPUT
TD ROWS—1,4INPUT+2
TD ROWSINPUT+4
SF  ROwWs-2

*

DETERMINE SUoMODE ORDER

TFM REF+6+0RDER

TF SMAHI +RESET

TFM COUNT]1 0610

TFM Raele9

TFM LOOP1+4+114WORK
LOOP1 BNF ¥+204+WORK

B7 *+20

AM COUNT1 41410

AM  LOOPI+1141410

BNR LOOP1+LOOPRP1+11411
REF TF ORDER«COUNTI1

CM  *=6404610

BE  NuLL

TFM COUNT1 40410

TR SMAHI s WORK ¢ 6

S SMAHI ¢ LREC

AM REF+6424+10

C R +ROWS

Figure B-51. RAPO002 Subprogram, Program Listing (3 of 8)
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BE LOOPZ2-48
AM  Rs1410

* READ ADDITIONAL TYPE 5 CARDS

ACD GET CARD
BTM TYPES«¥+12
BTM CHECK¥+12
BTM ALPHA+*+12
B7 LOOPI-12

DETERMINE NUMbER OF LACH ORDER

*

TFM LOOP2+184+0RDER
TF TSMAHI «SMAHI
TF SMAHI+RESET
TFM R«049

LOOP2 AM R4+1410
MM  ORDERe241C
SsF  Q009%
AM 00099 +NUMOR=Z
TF *+184+00099
AM  NUMOR-24+1410
AM  LOOP2+1842¢10
C R +ROWS
BE #+20
B7 LOOP2

DETERMINE THt MAXIMUM ORDcR AND The NUMbeR OF BLANK
LINES AFTER EACH ORDER ON THE OUTPUT PAGES

* % % %

TFM NEXa+s1+6811

TFM LOOP3+6+NUMOR
LOOP3 CM NUMOR O+ 10

BNE *+20

B7 *4+32

TFM MAXORDs1410

AM NEX+14610

AM  #-1341410

CM LOOP 346 + NUMOR+98

BE *+36
AM  LOOP3+642410
B8 LLOOP3
*
* REARRANGE SMA BY ORDER (LOWEST ORDER FIRST)
*
TFM L4+6+0ORDER
TFM 14149
TFM Ue149
() o] ORDER I
BE LS
AM  #¥—-184¢2410
C JeROWS
BE L5S+32
AM  Uel1410
) SMAHI! +LREC
B7 L4
LS TR TSMAHI +«SMAHI 4611
S TSMAH1 +LREC
B7 L4+24

Figure B-51. RAPO002 Subprogram, Program Listing (4 of 8)
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*

NEXT

L1

L2

MASK

REF 1

C

D= TN
AM
TF
TFM
B7

REARRANGE SMA WITHIN EACH GROUP OF ORDERS

TFM
TFM
TFM

1 s MAXORD
NEXT

TelelU
SMAHI +RESET
L4+64+0RDER
La-12

[1¢0¢9
REF 1411 +NUMOR=-2
REF 1459 «NUMOR=2

TF SAVET +SMAHT
S SAVETLREC
TF SAVESWRESET
AM [e1e10C
AM  REF 141142410
AM  REF1+59¢2410
TFM Kol ¢9
TF  SMAH] + SAVES
TFM Jel 49
TF TSMAHI «SAVET
CM REF1+4+11404610
BE REF1+72
TR SMAHI +ZEROW6
TR CleSMAHTI 11
TR C2eTSMAHT s 11
BNF #4+324C1
TOM L2+35¢046
B7 *+20
TOM LZ2+35+146
AM  L2+3541410
BNR LZ2+244+L.24+3%411
BNF #+32.C2
TOM MASK+114046
B7 *#+2C
TDM MASK+11el46
AM MASK+114+41410
BNR MASK MASK+11411
TFM L2+354+C1
TFM MASK+114+C2
SF Cl1
SF  C2
TFM #4+544C1-1
TFM %¥+447.C2-1
A *¥4+30eNEL 411
A *+23¢NEL 11
c CleC2
BNL *+48
TR WORK¢SMAHT 11
TR SMAHT s TSMAHI 4611
TR TSMAHI s WORK ¢+ 6
AM  Us1,410
S TSMAHI +LREC
C JeNUMOR=-2
BNH L2
AM  Kel1410
S SMAHI «+LREC
C K ¢« NUMOR-2
BNH L1+24

Figure B-51,

B-141
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C 1 +MAXORD

BE STORE

TF SAVES«SMAHI
TF  SAVET+TSMAHI

B7 NEXT+72 l

* RESTORE ZEROS ANU RETURN

XON BS RAPOOZ-144+6 !
ouT TFM 14149
TFM %+18+ROWS=3
TFM 04,0410 ‘
CM 1415049
BE XON
S OUT+30e2410 |
AM  I.1410 |
B OUT+24 ,
*
* ALPHAMERIC TO NUMERIC INPUTS
*
ALPHA TFM ALPHA+834+ INPUT+40
TFM ALPHA+95, INPUT+39
TFM EMPTY~-14 ¢ WORK
TFM EMPTY+234 INPUT+38
A  EMPTY+23.NEL+11
A  EMPTY+23«NEL+11
TD COUNT24INPUT+40
TD COUNT2-14INPUT+39
SF  COUNT2-1
CM COUNT2470410

BL EMPTY
TD WORKsALPHA+83.11
B7 %+20

EMPTY TDM EMPTY=1444611
CM ALPHA+83 4+ INPUT+38
BE *+56
AM EMPTY-1441410
AM ALPHA+834¢24+10
AM ALPHA+9542410
B7 ALPHA+72
TF #4+30+EMPTY~-14
AM  %+18+s1410
TO WORK ¢« RMK
B ALPHA=14 46
*
* TEST FOR ALLOWED ENTRY IN SMA
*
CHECK TDM COUNTZ240
TFM LOOK+114+INPUT+39
TFM LOOK+954 INPUT+40
TF LOOK+119¢NST
TF LOOK+143+NEL
TFM KeQe9
AM Kel4l0
LOOK TD COUNT2-1+¢INPUT+39
SF COUNTZ2-1
CM COUNT24:70410
BE #+48
CM COUNTZ240410
BNE ERROR3

Figure B-51. RAPO002 Subprogram, Program Listing (6 of 8)
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B NEXONE-~-24
TD COUNTZ+«INPUT+40
TDOM COUNTZ2-140411
C COUNT2 +NST
BH ERRORZ2
C Ko« NEL
BE OTHER
NEXONE AM LOOK+11944410
AM  LOOK+954+2,410
AM  LOOK+11¢2410
TOM COUNTZ40
8 L.OOK~12
OTHER TF HUNT+114.LO0OK+11
TF  HUNT+4+23+L0O0OK+95
AM KelelO
CM  Ke5049
BH CHECK=1s4¢6
AM  HUNT+1142410
AM  HUNT+2342,410
HUNT TD COUNTZ2-140
TD COUNTZ2,4,0
SF COUNTZ2-1
CM  COUNTZ240410
BE *420
B7 ERROR1 .
B OTHER+24

* T=6T FOR TYPE S CARD

TYPES SF INPUT+157
cM INPUT+158475410
BNE ERROR
CF INPUT+L157
B TYPES-1446
»*
* STORE SYSTEM MODE ARRAY ON DISK
*
STORE TFM COUNT140410
TFM ¥+71+TOP
TFM DSKOUT+5410099
AM  COUNT141410
S *¥+35+LREC
AM  DSKOUT+541410
TR WORK,.TOP

PUT OUTGO
c COUNT1 «ROWS
BE %420

B7 STORE+36

TOM REMOVE+64014611
TF  NROWsROWS+6
PUT DORDER

B ouT

* BLANK ROW ENTERED IN SYSTeEM MODE ARRAY
NULL SM ROWSe1410

SM RelelO

TFM COUNT1 40410

RCTY
PUT ERR3

Figure B-51. RAP002 Subprogram, Program Listing (7 of 8)
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*
*
*

(o R+ROWS
BE LOOP2-36
B7 ADD

ILLEGAL ENTRY IN SYSTEM MODE ARRAY

ERROR3RCTY

*
*
*

PUT ERR4

RCTY

PUT ERRZ2

TFM 1ERROR+1 468
B7 OUT

ERRUR - — ENTRY FOR ELEMENT NOT IN SYSTEM

ERRORIRCTY

*
*
*

PUT ERR1

RCTY

PUT ERRZ

TFM TERRORe1 468
B7 OUT

CARD SEQUENCE ERROR

ERROR RCTY

*
*
*

PUT ERR

RCTY

PUT ERRZ

TFM TERROR1 468
B7 OUT

ERROR IN S5MA ENTRY

ERRORZRCTY

LAST

PUT ER

RCTY

PUT ERRZ2

TFM ITERROR+1 +68
B7 OUT

DC 24 ¢
DENDRAROOZ2

Figure B-51. RAPO002 Subprogram, Program Listing (8 of 8)
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NEL READ CODE WRITE
INITIALIZE sPB= =5~ +1_[SECTOR 10000 SYSTEM AVAILABILITY NE <!
ENTRY DISK SECTOR NORDER (1) DEFINITION ARRAY 1 NEe O
ADDRESSES Je 1
SECT = SPB | \NORDER (50} ARRAY FROM WORKB
o )}
IS ADDWA = RESETA | 4 FaBiL 17y WORK T QROER
——iﬁORKE <« [ADDWA][¢—{N <+ N+ 1 ELEMENT I Ie1 ARRAY K . KR 1 -
BLANK N0
INTO WORKB KF <+ NB +1

TESTB = O

ADDWB «- RESETB

N ADDWB - ADDWB + 10 % 1
ADDWB = ADDWB - ¢

ADOWB « ADDWB + WORKE

TESTB =1 ADDWD =+ RESETB

WORK =
(DOWE] < 0 [ ™ ADDWD < ADDWD + 10 ¥ I

WORKE < [ADDWE] [ADDWD]

WRITE
AVAILABILITY
ARRAY KR
FROM WORKB

KR« KR + 1
KF & KF + 1

[ADDWD] «- WORKD
ADDWD & ADDWD - 9
{ADOWE] = 1

C*+NC +1

FROM WORKB

WRITE NBM <« NB -1 + KR READ
PROBABILITY NB * KF —-NB + KR - 2 SECTOR
ARRAY NC DCF5 = (KF ~2) ¥ SPB DCFAS
FROM WORKB DCFAS = (KR — 1) ¥ SPB INTO WORKB

DCF5 «— DCF5 - SPB
DCFAS5 =— DCFAS + SPB

WRITE

RETURN NBM = NBM — 1 SEcToR
FROM WORKE
ARGUMENTS

INPUT OUTPUT
MCODE NARRAY
NEL SECT
NR
NST

Figure B-52. RAPO003 Subprogram, Logic Flow Chart
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RAPOO3 - = — LOGICAL MANIPULATIOUN UF S5YSTEM MODE ARRAY

SUBROUTINE L INKAGE

0 %k *x %k %k %

DS v ¥+101

DC 64987898 4¢5-5

DAC 64+RAPQO03,47-S
DVLCZ22=-S15¢LAST12¢0842¢04¢5+RAP00U3-645+v0¢30+0

DSC 174040

DORGS-100
NEL DSA O
NST DSA O
NROWS DSA ©
NARRAYDSA O
SECT DSA ©
MCODE DSA ©

DC 1o

PROGRAM CONSTANTSs VARIABLESe AND ARRAYS

x Kk %k %k %k %k %k k %k ok 3k %k >k k ¥k %k %k k 3k k %k *k %k %k %k k %k k k *k *k k k * k¥ ¥k * k Xk *x

-
m
2
0

ADDWA
ADDWB
ADDWB
DCFS
DCFAS
1
J
K
KF
KR
KRA
MCODE
N
NARRAY
NB
NBA
NBM
NC
NEL

NORDER(20)

NROWS
NST(50)
ORD
ORDER
RESETA
RESETB
RMARK
SECT
SPB
TEMP
TESTB
WORK A
wORKB
WORKD
WORKE
WORKF

DS 4
DS 1

Figure B-53.

ARRAY ADDRESS
ARRAY ADDRESS
ARRAY ADDRESS

INDEX
INDEX
INDEX

DISK SECTOR ADDRESS
DI1SK SECTOR ADDRESS

INDEX
INDEX
INDEX
INDEX
INDEX
INDEX
SYSTEM
INDEX

MODE NUMBER

NUMBER OF PROBABILITY ARRAYS
NUMBER OF AVAILABILITY ARRAYS

INDEX
INDEX

NUMBER OF PRODABILITY ARRAYS

NUMBER OF ELEMENTS

IN SYSTEM

ARRAY CONTAINING THE NUMbgRr OF EACH ORDER

NUMBER OF ROWS

IN SYSTEM

MODE ARRAY

ENTRIES OF THE SYSTEM DEFINITION ARRAY

INDEX

ORDER OF CURRENT SMA SUBMODE
INITIALIZATION CONSTANT
INITIALIZATION CONSTANT

ADDRESS
ADDRESS
RECORD

MARK

NUMBER OF SECTORS PER ARRAY
NUMBER OF SECTORS PER ARRAY

WORK ING
SWITCH
WORK ING
WORK ING
WORK ING
WORK ING
WORK ING

VARIABLE

ARRAY
ARRAY
ARRAY
VARIABLE
VARIABLE

RAP003 Subprogram, Program Listing (1 of 5)
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D ey 20 T EEERSS S WS TS TS S TS TS S w—m—m»0

WORKB DSS 601
DS 1

WORKA DS3SS 100

NORDERDAS 50

WORKD DC 1040

WORKE DC 2¢0

WORKF DC 240

ADDWA DSA WORKA=-1

ADDWB DSA WORKE-1

ADDWD DSA wWORKB-1

RESETADSA WORKA=-1

RESETBDSA wORK@B-~1

RMARK DC 1ot

DCF DDA +5¢000004001+WORKH
DC 1o

DCFS DS +DCF+5

DEFD DO sDCFessA

DCFP DDA 434198004001 WOURKEH
DC 1ot

DEFDP D3 +DCFPs o0 A

DCFA DDA +540000040C1 +WORKE
DC 1o

DCFAS DS +DCFA+S

DEFDA DD +ODCFAseeA

DKSMA DDA 9141010041 +«WORKA

DC 1o

psMA DD +DKSMA e o A

D1 DOA 4141000041 «NORDER=-1]
DC 1o

DORDERDD eDlaeeA

NB DC S5l

NC DC Se1

N DC 21

1 Ds 3

J DS 3

ORD DS 2

ORDER DS 2

KK DC Sel

KR DC Sel

KF DC Sel

KRA DC Sl
NBM DC Sl
NBA DC Sl
TESTB DC 291
sSPB DC 3.1
DC 540
*
* TRANSFER OF ARGUMENTS
*
RAPOO3TFM TF+6+NEL=-4
AM  TF+6¢4410
AM  RAPOO3=-1+¢5410
TF CF+11+RAP0O0O3=1411
BNF *+36+CF+11

CF CF CF+11
TF CF+11eCF+11411
TF TF  NELCF+11

AM  TF+641410
Bk RAPOO3+12.TF+6411
AM  RAPOO3-141410

Figuré B-53. RAPO003 Shbprogram, Program Listing (2 of 5)
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Figure B-53.

TAL T DR A OUT INE
*
™ AN L e P
HE *+372
TR LRSEMA+S 4 1 COOY
7 ¥420
TEM OKSHA+L 410199
TEFM XC+6+WORKE+ 3
H XC+% oNEL ¢ i
TENM AD+E6E e WURRKNEI+2
A XD+SeNEL o111
TF TEVP oNEL 011
T0 SPB ¢ TUMP =1
AM SPB4sle10G
TF DCF 484 Skt
TF  UCHFP+8 4518
TF [CF A+ ¢ SE213
TF SECT+SPB.6
GET DORDER
*
* COLL ODA AND SEND TU AVAILABLE AREA
*
TEFM JTelaelu
TFM REF 442 ¢ WOIRKLES
TF *+230NST
TF TEMP o INST
Rt F TEM JeOael
C Je TEMP
BNH #+32
TOYM REF+4246046
B *+20
TOM REF 44241 46
a4 REF+4. ¢14i0
cH JeFell
PNL *+32
AM JelelO
R7 REF+12
C FeNILel 1
VN *4 20
-7 4
AN Telael”
Al fetr —~1leGol .
37 REF-10
TEM DCFP+5 6 1 9300
X {0 TO WORIKHI+ 2 e MARK
T DCH 45640
PUT DELFDL
*
* STRIP ROUTINE
*
TFM NBe1
TFA NCe( o8
Tev el o9
Trm o+ 1 L eINGNOE
oV Ll el
TFM ORDERO10
TFM ORDe14+10
AN ORDE Rel1910
AM ®+2. 02010

B-148
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L2

L3

La

Lé

BH
AM
GET
Al
TFM
TFM
TF
AM
TF
S

SF
AM
TF
GET
TFM
TFM
AM
BNF
AM
87
D
AM
TF

SM

™
cMm
BE
TDM

8H
SM

SF
TF
PUT
AM
B7
SM

SF
T
PUT
AM
cMm
8NE
B87
TDM
TOM

TF

BNE
TF
SM
CF
TOM

Figure

ORDL +NORDER
Cc-36
DKSMA+541410
DSMA
ORDs1410

Kol

KRae 1

KF « NB
KFelelO
ADDWA +RESETA
KelolO

KeSPB

95

KelglO
DCF+54+99
DEFD

TelelO
NesOs10
ADDWA+1410
TEAADDWAL 11
l1e¢1410

Ll
WORKE ¢« ADDWAWL 11
NelaolO
ADLWBWRESETo
ADDWB~-1+1
ADDWB +9410
ADDWB + WORKE
WORKE « ADDWES s 1 1
WORKEs1410
LS

TESTB«O

KResK

L3

KRe1s10
KR ¢+ SPB

95

DCF+5+99
DEFD

KRs2e¢10

La

KFelelO
KF +« SPB

95

DCF+5,99
DEFD

KFe2410
TESTB.O

L6

A

TESTBs 1
ADDWB 046
ADDWD+RESETB
ADDWD=141
WORKD ¢ ADDWD e 11
L2
ADDWD + WORKD ¢ 6
ADDWD 910
-ADDWD
ADDWBs 146

B-53. RAPO003 Subprogram, Program Listing (4 of 5)
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c N+ORDER

BNE L1A
XD TF WORKB+2 4 J
S DCFP+5,5PB
PUT DEFDP
AM NCoelelO
A C NB+K
BE L7
AM  Kesls10
B7 B
L7 TF NBAWNB

AM  NBA+1+10
C KF ¢« NBA

BH L9

TF NB ¢+ KR

SM NSelelO
L8 AM  Jel1410

C JeNROWS 11

BNH C

TF NARRAY «NC s 6

B7 RAPOO3=1446
L9 TF  KRA KR

SM  KRA+1410

C NB +KRA

BNE L10

TF  NBWKF
SM  NBsl1s10
B7 L8

L10O TF NBM«NB
AM  NBM41410
S NBM ¢ KR

SF NB
A NB o KF
A NB +KR

SM NBe+2+410
SM KFe2410
M KF « SPB
SF 95

TF DCF5+99
SM KRs1410
M KR« SPB
SF 95

TF DCFAS54+99

L1 GET DEFD

PUT DEFDA
SM NBM,sis10
BZ L8

S DCF5S.SPB
A DCFAS5.SPB

B7 L11
LAST DC 2.0

DENDRAPOO3

Figure B-53. RAPO03 Subprogram, Program Listing (5 of 5)
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NO
WRITE
"' SUBROUTINE
ENTRY SPEC=-0 MCODE=0 >-YES—P{SPECe1 RAPO16 YES—
(8P, TR,P)"

WRITE "SUBROUTI
PROGRAM YES " DIMENSION" OUTINE |¢—ON
SWITCH STATEMENT RAPOIE
ON 4 (BP, TR, P)"
OFF NO
PRINT SMA =1 READ
" NO<-0 SMA ROW 1 CONT«0
DIMENSION® ‘ NO ROWTI
REPEAT «-0 FROM DISK Je1
STATEMENT i INTO WORKA
Yiés

INSERT
"BP(I)"

YES NO=0
NO
L now-0 @ YES

INSERT
OVERFLOW
FROM LAST CARD
INTO OUTPUT
AREA

NO
WRITE
REPEAT =0 >-YES—»{ TERM i1 ‘ YES—®{T<I+1 YES CURRENT
STATEMENT

NO
l NEW=-0
NO=4
REPEAT =-0 8

PLACE ADDRESS
F NEX

OF NEXT
NO YES® |INSERT AT INSERT
A BLAN OUTPUT AREA ‘%"
NO

INTO ASTADD

TERM 1< 0

ELMENT «J
K< SMA ENTRY
KeK+1

ARGUMENTS
INPUT OQUTPUT
MCODE
NARRAY
NEL
NR
NST
SECT

Figure B-54. RAPO004 Subprogram, Logic Flow Chart (1 of 3)
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READ
ROW=0O CONT=-0 ARRAY I

sMa < 0 Ny I>NARRAY >NO—»{ FROM DiSK

ELMENT=1

YES

LINSERT
TR{ROW)=
TR(ROW H¢ BP(ROW)"
8 OUTPUT

CONT=+ 0
ROW=-ROW+1 ROWt<-0 k‘é"@ @
ROW=—ROW

NUMBER ROW1 1 . PATCH e YES
FROM THIS

ARRAY

YES I<1+1fevES @ . NO< REPEAT=0
YEs
© +

NO =4
REPEAT=« 0O

&

ROW<ROW+H1

ROW--ROW~14

ARE
THE FIRST

TWO
CHARACTERS
IN QUTPUT

WRITE
CURRENT
STATEMENT

ROW4e—0O

| N"SEIF.?T

INSERT | F_
+4>-7 NO<—0

8 OUTPUT

|

INSERT
"TR{ROW)= [ INSERT |
TRROW) % BP(ROW) ROW=NROW >>NO —» ROW+-ROW+ 1 TR(ROW)=0" CONT<—0
8 OUTPUT 8 ouTPUT
YES
Ry, »<_PATCH=0 >NO NO PATCH= 0 >NO—#{ ROW=— ROW-1
YES vES YES
INSERT oo o INSERT
v CONT =0 " TR(ROW)=0" PATCH W
PR -0 ROW=—ROW+1 TRIROW) ¥ BP(ROW)
8 OUTPU

Figure B-54. RAPO004 Subprogram, Logic Flow Chart (2 of 3)
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Be—B+NX VE FlEL BeBH
— B SAVE FIELD
Z No=<-0 YES Be-B-1 | IN_OUTPUT BFLAG= B+
FIELD
p:
OK=-0 >
r
YES
I COUNT THE
T T
ELEMENT 'J No ELEMENY I vES—5(_}-5{ ELMENT =— ELMENT+1 -{T)

NONES «—

ROW

No )

—NO INBRAC#{ [¢—YES ELie

PLACE ADDRESS

OF NEXT INSERT

AT OUTPUT AREA
INTO ASTADD

TERM 1e—0 '!“fER.T Ko

1S
THERE A
4 IN POSITION
K FOR ELEMENT
J

INBRAC‘—OW

—
‘/ OUTPUT \

@L "RETURN" @YES
v/ NO

YES<SPEC:0>w

NO

PRINT
"RETURN"

RETURN ‘ PN

NO
BFESRasss
@——a INBRAC=—1 YES——d O N R UT AREA TERM4<-0
INTO ASTADD
THEISE A
INSERT 1IN _POSITION
g YESYES K FOR ELEMENT ket
T

Ke—K+1{

INBRAC*—0

Figure B-54. RAPO004 Subprogram, Logic Flow Chart (3 of 3)
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RAPOO4 = - = GENERATION OF PROBABILITY LUWUATIUN

SUBROUTINE L INKAGE

N ok % %k *k k

DS e ¥4+101

DC  6+9878984+5~-S

DAC 6+RAP0O04 47-=-S
DVLCEZ2=S+5+00TTUMIZ2408¢2+0499¢RAPU04=-691900+30 00

DSC 17+040

DORGS-100
NEL  DSA 0
NST  DSA ©
NARRAYDs& O
SECT DSA ©
NROWS DSA O
MCODE DSA O

DC 149
*
* PROGRAM CONSTANTS. VARIABLESs AND ARRAYS
*
* ASTADD ADDRESS OF LAST ASTRISK
* B OUTPUT ARRAY [NDEX
* BFLAG OUTPUT ARRAY [NDEX
» CONT CONTINUATION CARD NUMLER
* EL1 SWITCH
* ELMENT ELEMENT NUMOER
» 1 INDEX
* INBRAC SWITCH
* J INDEX
* K INDEX
* MCODE SYSTEM MODE NUMGSER
* NARRAY NUMBER OF PROBAGILITY ARRAYS
* NEL NUMBER OF ELEMENTS IN SYSTEM
M NEW SWITCH
* NO SWITCH
* NONE S NUMBER OF ELEMENT MODES IN TERM
* NROWS NUMBER OF ROWS [N SYSTEM MODE ARRAY
* NST(50) ENTRIES OF THE SYSTEM DEFINITION ARRAY
* NX LENGTH OF CARD OVERFLUW
» oK SWITCH
* PATCH SWITCH
* REPEAT SWITCH
* RESET OUTPUT AREA INITIALIZATIUN CONSTANT
* ROW CURRENT SMA ROW NUMBER
* ROW1 SWITCH
* SPEC SWITCH
* SECT NUMBER OF SECTORS PER ARRAY
» SMA SIWTCH
» TERM 1 STWTCH
» WORK A WORK AREA
* WORKB WORK AREA
* WORKC WORK AREA
*
PATCH DS 1
INBRACDS 1
REPEATDS . 1
SMA DS 1
oK DS 1
TERM1 DS 1

Figure B-55. RAPO004 Subprogram, Program Listing (1 of 12)
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DC 34.,.000000000000600000QE0000Q000000000!

ROW1 DS 1

NEwW DS 1

EL1 DS 1

NO DS 1

CONT DS 2

NONES DS 2

J DS 2

K DC 240

ELMENTDC 240

ROw DS 3

ELSTRTDS 5

1 DS 5

NX DS 5

B DSA O

BFLAG DSA O

ASTADDDSA O

SAVE DS 84

WORKA DSS 600

WORKB DAS 100
DAC 1.4

WORKC DSS 100

RESET DSC 5040
DC 5040

DDA DDA 414041 ¢ WORKC
DC 1o

SMAIN DF +DDAs v 0 A

DSKIN DDA +0+¢0+0¢WORKA
DC 1o

IN DD +DSKINss oA

DSKOUTDDA +5+40¢2¢WORKB-1
cC 15

ouT DD +DSKQUT s s 4 A

LDISK DAC (3+*LDISKRARPQO16

RAPO16DAC 29+ SUBROUTINE RAPO16 (BR«TRsP)?
DAC 35+DIMENSJON BP(100)+sTR(I10D)eP(5C+10)

1e1410

DIM
RTURN DAC 8+ RETURN?
END DAC 4 +END?
CARD DPRA+WORKB
*
* TRANSFER OF ARGUMENTS
»*
DC 540
RAPQO4TFM TF+6+NEL-4
AM TF+644410
AM  RAPOQOO4-1454+10
TF CF+11RAP0O04=-1411
BNF %+36¢CF+11
CF CF CF+11
TF CF+11+CF+11411
TF TF  NEL«CF+11
AM TF+641410
BNR RAPQO4+12+TF+64¢11
AM  RAPOOY4 -
*
* START OF SUBROUTINE
*

TDM SPEC0

CM  MCODE O

BE *4+32

Figure B-55.

68

RAP004 Subprogram, Program Listing (2 of 12)
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TFM DSKIN+5410100
B7 *+32
SKIP TFM DSKIN+5+¢10200
SPEC DS +SKIP-1
TDM SPEC 1
TOM DSKIN1
TFM DSKIN+8+149
CF RESET
CF RES@T+50
CF  RESET+100
CF LDISK~-1
CF RAPO16-1

CF DIM=-}
CF  RTURN-=1
CF  END-1

TFM DSKOUT+S.0
TRNMWORKB+11 +RESET
TRNMWORKB=14+LDISK=~1
PUT OUT

TRNMWORKB=1 +RESET
TRNMWORKB+9+RAP0O16~1
PUT OQUT

8D *¥4+484SPEC
BNC4 %4+ 36

PUT CARD

AM  DSKOUT+542410
TRNMWORKB+11 4DIM=-1
PUT OQUT

BD *¥+484+SPEC
BNC4 %+ 36

PUT CARD

AM  DSKOUT+S5424+10

* GENERATE EQUATIUNS FOR BASIC SUSMUDE PROBAGILITIES

TRNMWORKB+11 ¢RESET
TFM B+WORKB+12
TFM BFLAG«WORKB+11
TCM SMA,1
TOM NO+O
TDM REPEAT+0
TFM 14149
ALPHA C  1+NROWSs11
8H ON
GET IN
TFM CONT 0410
TF  WORKB+104CONT
CF WORKB+9
TFM Je1410
SBACK TF ROW, I
BTM BPROB.*+12
BD FILLNO
BTM EQUAL +*+12
BTM CKOUT %412
BD #4+20+REPEAT
B7 %440
TOM NO, 1
TDM REPEAT .0
B7 SBACK
TOM TERM1s1

Figure B-55. RAPO004 Subprogram, Program Listing (3 of 12)
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TFM DECODE+11 4 WORKA
GAMMA C JeNEL 11

BNH DECODE

AM Iel1010

AM  DSKIN+541410

BD *+24+NEW

BTM SENDe¥*+12

TDM NEWLO

87 ALPHA
DECODEBNF BETA+WORKA

AM Jelse10O

\h DECODE+114+1410

B7 GAMMA
BETA BD BULTA+56.TERM]

TF  ASTADDBFLAG

BTM AST ¢*+12

BTM CKOUT+%¥+12

B7 *+2C

TOM TERM1 40

TF  ELMENT s J

TFM Ke0410

TD K.DECODE+11411

AM  Kel1410

BTM PROB+¥#+12

B DECODE+12

*
* PLACE SAVED AREA FRUM PREVIOUS LINE AT BEGINNING OF NEW LINE
*
TiLL  TDOM NOso
BD FILBAK=12,0K
A B« NX
SM Belel1O
TF BeSAVE .6
CF  BFLAGee6
AM  BelaelC
TF BFLAGB
AM  BaelelO
B7 FILBAK
TOM OK4 0
FILBAKB7 CKOUT=-14+46
*
* GENERATE EQUATIONS FOR SUBMODE PRUBAGILITY MINUS OUVERLAR
*
ON TFM ROW+049

TFM COMROW+6 .+ WORKA+2
A COMROW+S eNEL 911
TDM SMA 4O
TOM DSKINe3
TFM DSKIN+5419800
TF  DSKIN+8+SECT.11
TFM DDA+54+10100
TEM 11

LOOP S DSKIN+5S+SECT .11
TEFM L1A+11+WORKC
TF L1423 «NST
TFM ELSTRT s WORKA
TFM BsWORKB+12
TFM BFLAG+WORKB+11
TFM CONT+0,410
TF WORKB+10+CONT

Figure B-55. RAPO004 Subprogram, Program Listing (4 of 12)
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CF  WORKB+9
TDM NO+O

TOM TERM1 1

TFM ELMENT 1410
COMPI C I «NARRAY 11

BH LAST

GET IN

TFM JUelal0
COMROWC WORKA ¢ ROW

BE EPS-12

GET SMAIN

AM  DDA+541410

AM ROWe10410

(ol ROW+COMROW+6+¢11

BE NEXT

BD *+20+PATCH

B7 PATAID

TOM ZRTN+1 49

B7 NEXT
PATAIDTDOM PATCH.O

TOM ZRTN+1 41

BTM TROW*+12

BTM EQUAL +*+12

BTM CKOUT+%*+12

BTM ZERO«%+12

BTM CKOUT«%*+12

BTM PERJOD+*+12

BTM CKOUT+¥+12

BTM SEND¥+12

TFM CONT+0,410

TF  WORKB+10+CONT

CF  WORKB+9

B7 COMROW+24
NEXT CcM I+1410

BE FIRST

BD *+20+.PATCH

B87 “PS=-12

SM ROW41410

BTM TROW.*+12

BTM EQUAL +¥*+12

BTM CKOUT+%*+12

BTM TROWe*+12

BTM AST «¥+12

BTM CKOUT+#*+12

BTM BPROB+¥+12

BTM SEND+%+12

TFM CONTe04610

TF  WORKB+10+CONT

CF WORKB+9

AM ROWel410
ZRTN NOP PATAID
FIRST TF ROWCOMROW+64+11

TOM ROW1 1

B7 #+20

TOM ROW] +0
EPS BTM Xe*+12

TOM PATCH

TOM ZRTN+1,41

BTM CKOUT +%¥+12

BD F ILL eNO

Figure B-55. RAPO004 Subprogram, Program Listing (5 of 12)
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BTM EQUAL+¥+12
BTM CKOUT«%+12
BD  *+20.REPEAT

B7 *+40

TDM NO+s 1

TOM REPEAT .0

B7 EPS
COMPU C JeineEL e 11

BNH O L1A

AM [elelO

BD DELTA-12¢+NEW
M BeWORKS+16
BNE DELTA-24
SF WORKB+11
Ccm WORKE+ 14 46733+8
CF WORKB+11
BNL DELTA-24
BTM ONE +¥+12
8TM CKOUT +¥+12
BTM PERIOD«#+12
BTM CKOUT %412
BTM SEND«*+24
TOM NEWsO

DELTA BTM TROW.¥*+12
8D *¥+44 ¢NO
BTM EQUAL +¥+12
BTM CKOUT +¥*4+12
B7 *¥+52
TOM NO WG
BTM PLUS*+12
BTM CKOUT+*+12

B7 ¥+%52

BD #+32+R0OW1
TOM NO,1

87 DELTA

TOM ROWI140
BTM Xe*+12
BTM CKOUT+¥*+12
TOM WORKB+10+0
TOM WORKB+9,40
BTM SENDe*+]12
B7 LOOP

LlA BNF RETURN +«WORKC

* DETERMINE FORM OUF TLR™

L1 BTM COUNT «¥*¥+12
TF *¥+35¢NST
AM *¥+2341410
CcM NCNES +NST+1
BNE L OOK

RETURNAM Jels10
AM L1423+4410
AWM ELMENT+1410
A ELSTRT«10
AM  LL1A+114+1410
B7 COMPY

L.OOK A NONES +« NONES
C NONESsL1+47
TDM El-ls1

Figure B-55. RAP004 Subprogram, Program Listing (6 of 12)
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BH NEG
B7 POS

* SUM OF TERMS

POS  TDM INBRAC.1
BD *+48+TERMIL
TF  ASTADDBFLAG
BTM AST e¥+12
BTM CKOUT+%+12
TOM TERM140
CM  NONES+2410
BE *+36
BTM LPAR*+12
BTM CKOUT +*+12
TFM Kels10
TF  *+23.ELSTRT

L3 8D INSERT +ELSTRT
Cc Kel 1447
BE GO

AM  Kael1,410
AM  L3+11e¢1410
B7? L3
INSERTBD *+36+EL1
BTM PLUS+*+12
BTM CKOUT+¥*+12
TOM EL1 40
BTM PROB+*+12
B7 L3+12
GO CM  NONESs2410
BE %436
BTM RPAR¥+12
BTM CKOUT+*+12
TOM INBRACO
B RETURN

* ONE MINUS THE SUM OF TERMS

NEG TOM INBRAC.1
BD %*+48+TERM1
TF ASTADD «BFLAG
BTM AST.%+12
BTM CKOUT+¥+12
TOM TERM140
BTM LPAR+*+12
BTM CKOUT+%*+12
BTM ONE +*+12
BTM CKOUT+¥+12
BTM PERIODs%*+12
BTM CKOUT %412
TFM Kele10
TF *#+23.ELSTRT

LS BD #+20+ELSTRT
B7 L6
ot Kell1+447
BE SHOwW

AM  Koele10
AM  L5+1141410
B7 LS

L6 BTM MINUS¥*+12

Figure B-55. RAP004 Subprogram, Program Listing (7 of 12)
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£B3TM
BTM
B7

SHOW B8TM
B8TM
TOM
B

* INSERT P(ELMENT oK)

PROB BTW
BTM
BTM™M
BTM
BTM
BTM
BTM™M
BTM
BTM
BTM
BTM
BTM™M
B

* INSERT TR(ROW)

TROW BTM
BTM
BTM
BTM
BTM
BTM
BTM
BTM
BTM
BTM
B

*

* INSERT BP(ROW)

¥*

BPROB BTM
BTM
8TM
BTM
BTM
BT™M
BTM
BTM
BTM
BTM

B8
*

* INSERT ELEMENT MODE NUMBER

*

MODNUMCM
BNE
8T
cM
BNE

CKOUT+*+12
PROBs*+12
L5+20
RPAR ¥ +12
CKOUT e %+12
INBRAC 40
RETURN

Pe¥+12
CKOUT o %412
LPAR«¥+12
CKOUTs*+12
ELNUMs #¥+12
CKOUT s ¥+12
COMMA s %+12
CKOUT e %412
MODNUM ¢ %412
CKOUT s %412
RPARs¥*+12
CKOUT s *+12
PROB=-14+46

Te¥+12
CKOUT o ¥+12
Re¥+12
CKOUT s *+12
LRPARW¥+12
CKOUT « %¥+12
RNUM e +12
CKOUT ¢ ¥+12
RPAR«¥+12
CKOUT s *+12
T20W=1446

BEE ¢ %+12
CKOUT s ¥*+12
Pa%+12
CKOUT s ¥+12
LPAR*+12
CKOUT ¢ *+12
RNUM % +12
CKOUT s #4+12
RPAR¥+12
CKOUT s ¥*+12
BPROB=14 46

KelelO
*+24

ONE ¢« MODNUM~1

Ke24¢10
*+24

INTO WORK AREA b

INTO wORK AREA ©

INTO WORK AREA B

IN WORK AREA B

BT TwWO+MODNUM=1

Figure B-55.

RAP004 Subprogram, Program Listing (8 of 12)
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CcM Ke34610

BNE #+24

8T THREE « MODNUM~1
CM Kede10

BNE *+24

8T FOUR +« MODNUM=~1
cM KeS5e10

BNE *+24

8T FIVE « MODNUM=-1
CM  Ke+6410

BNE #+24

BT SIX «MODNUM=1
CM Ke7410

BNE *+24

BT SEVEN ¢ MODNUM~ 1
cM Ke8410

BNE *+24

BT EIGHT s« MODNUM=1
CM  K¢9,10

BNE *+24

BT NINE ¢« MODNUM=1{
BTM ONE ¢%+12

BTM CKOUT«¥*+12

8T ZERO s MODNUM=1

* COUNT THE AVAILABLE ELEMENT MODES

DS 6
COUNT TFM NONES+0s10
TF  THERE+114ELSTRT
TF THERE+SS+ELSTRT
AM THERE+5%9¢9410
THERE BD *¥+204ELSTRT
B7 *#+20
AM NONES+1410
AM THERE+11¢1410
CcM THERE+11 +ELSTRT
BE COUNT=14¢¢6
B THERE

* INSERTION OF CHARACTERS IN WORK AREA B

ONE TOM BFLAGes 746 ONE
TOM Bael o6
B8 ONE~-1+46

TWO TOM BFLAGe7¢6 0 TwWO
TDOM B+24+6
B TWO=1446

THREE TDM BFLAGe 7460 THREE
TDM Be346
8 THREE=-14+ 46

FOUR TDM BFLAGe7:6 FOUR
TOM Bed 46
B8 FOUR=144¢6

FIVE TOM BFLAGe7¢6 F1VE
TOM Be546
B FIVE=1446

SIX TOM BFLAGe7+6 SIX
TOM Be64+6
B8 SIX=1¢06

Figure B-55. RAPO004 Subprogram, Program Listing (9 of 12)
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SEVEN TDM BFLAGs7¢60 SEVEN
TOM Be746
B SEVEN=14+46

EIGHT TOM BFLAGe7¢6 EIGHT
TOM B+8+6
B EIGHT=1+4846

NINE TOM BFLAGe 7460 NI NE
TOM Be494+6
B NINE=1+46

ZERO TOM BFLAGe 7460 ZERO
TOM B+046
B ZERO~14¢46

LPAR TDM BFLAG2+6 LEFT PARENTHESIS
TOM Bede6
B LPAR=-1446

RPAR TOM BFLAGsQ 6 RIGHT PARENTHL OIS

TOM Be4e6
B RPAR=1446
AST TDM BFLAGs 146 ASTERI SK
TOM Bede6
8 AST-1446
P TOM BFLAGeS5¢6 P
TOM Be7e6
B P=1406
COMMA TOM BFLAGeZ2+6 COMMA
TOM Be3¢6

- AONANAA >
=] CCMMA~1+4+8

PLUS TDM BFLAGe146 PLUS SIGN
TDM B+0+6
B PLUS—-14+46
BEE TOM BFLAGI4+O s o
TOM Be246
B BEE-14+ 46
MINUS TDM BFLAG+2¢6 MINUS SIGN
TDOM Bs+0e6
B8 MINUS~=14+ 46
PERIODTDOM BFLAG0¢6 PERIOD
TOM Be346
B PERIOD=1446
EQUAL TDM oFLAGe3+¢6 EQUAL SIOGN
TOM Be346
B EQUAL=-14+46
T TOM BFLAG6E+6 T
TOM Be346
B T=1446
X TOM BFLAG+6+6 9 X
TOM Bae746
B X~1406
R TOM BFLAG+S¢6s R
TDM BeGe6

B R=14906
*

* INSERT ELEMENT NUMBER IN WORK AREA B
*
ELNUM BD #+20+ELMENT=1
) B7 %456
TOM BFLAGs 746
TD B+ELMENT=146
CF Beesb
BTM CKOUT+*+12

Figure B-55. RAPO004 Subprogram, Program Listing (10 of 12)
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TOM BFLAGe7+6
TD B«ELMENT.6
CF Beeb
B ELNUM=1446
*
* CHECK FOR EQUATION OQOUTPUT
*
CKOUT CM B +WORKB+142
TDM NEWsO
BE *+48
AM  Bs2410
AM  BFLAG+24+10
B CKOUT-1446
c™m CONTe4410
BE SECOND
BTM SENDe*+12
B7 CKOUT=14+46
SECONDTDM REPEAT 1
TF *¥+668BFLAG
TF *4+664+.8
sM *+4242410
M *¥+4242410
SF  BFLAG=2
CM Be64,y10
CF *¥—18¢ 06
BE READY
B7 NREADY
READY BD *4244SMA
BD NREADY s INBRAC
BTM SEND¥+12
TFM CONT+0e10C
TF WORKB+ 10 +CONT
CF  WORKB+9
TF  FILBAK+6+CKOUT=1

TOM OKs 1
BD SBACKSMA
B7 EPS

NREADYBTM SAVERs*+12
TF  FILBAK+6,CKOUT-1
TFM CONT+0410
TF  WORKB+10+CONT
CF WORKB+9
TDM OK O
BD SBACK.SMA
B EPS

* OUTPUTS CARD IMAGE TO DISK STORAGLE

SEND PUT OUT
BD #+48+SPEC
BNC4%4+36
PUT CARD
TRNMWORKB+ 11 +RESET
TFM B+WORKB+12
TFM BFLAG+WORKB+11
AM  DSKOUT+542¢10
AM  CONTel1410
TF WORKB+10+CONT
TDM WORKB+9¢7
TOM NEWa 1

B8 SEND~1446

* END OF SUBROUTINE

Figure B-55. RAPO004 Subprogram, Program Listing (11 of 12)
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LAST BTM TROWs¥+12
BTM EQUAL+%+12
BTM CKOUT+*+12
BTM TROW*+12
BTM ASTe¥+12
BTM CKOUT+¥*+12
BTM BPROB+¥+12
3TM SEND«¥+12
LAST1 C ROW +«NROWS s 11
BE FINISH
AM  ROWels10
BTM TROWs¥+12
BTM EQUAL +¥+12
BTM CKOQUT+¥+12
BTM ZERO«¥+12
BTM CKOUT+¥+12
BTM PERIODs¥+12
BTM CKOUTe*+12
BTM SENDe¥+12
TFM CONT+0el0
TF  WORKB+10+CONT
CF WORKB+9
B7 LASTI
FINISHTRNMWORKB+9«RTURN=-1
PUT OUT
BD *+48.SPEC
BNC4#+36
PUT CARD
AM  DSKOUT+5424¢10
TRNMWORKB+ 11 +RESET
TRNMWORKB+11 +END~1
PUT OUT
B0 ¥4+48.SPEC
BNC4 %+ 36
PUT CARD
B RAPGCO4-1446

SAVER SF ASTADD s+ 6
TF SAVEB.l1
TF NX B
S NX+ASTADD
TF *#+18+ASTADD
TDM ASTADDO
CM  %#-6,WORKB+142
BE SAVER=14 46
AM  #=3041410
B *=-48

* INSERT ROW NUMBER IN WORK AREA B

RNUM BD *+204sROW—2
B7 *+56
TOM BFLAG7+6
TD B+ROW~246
CF Beseb
BTM CKOUT«¥*¥+12
BD *+20+ROW—1
B7 *+56
TDOM BFLAG74+6
TO B+sROW=146
CF Beeb
BTM CKOUT +¥%4+12
TDM BFLAGs7¢6
TD B+ROW6
CF Baeeb
B RNUM=1 446
BOTTOMDC 1o
DENDRAPOO4

Figure B-55. RAPO004 Subprogram, Program Listing (12 of 12)
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0 % %k k %k ok

RAPULOS - = = PRINT WUT UF SDA AN 5MA

SUBROUTINE L INKAGE

DS o¥+101

bC 649878984 5-5

DAC 64+RAPCOOS547-S
DVLCZ2Z2-5¢5¢LAST 124084 2404154 RAPU0D=695900 3040

DSC 174040
DORGS=100
Ls DSA ©
LN DSA 0O
LD DSA O
MCODE DSA 0O
LM DSA O
NST DSA O
NEL DSA 0
NE X DSA ©
NRCWS DSA 0
IPAGE DSA O
ITOTALDSA ©
NT DSA O
NIT DSA O
DC 1e°
3*
* PROGRAM CONSTANTSs VARIABLESs AND ARRAYS
*
* 1 INDEX
* IPAGE PAGE NUMBER
* ITOTAL TOTAL NUMBER OF PAGES
* J INDEX
% < 1NDEY
* L INDEX
* LD (3) DATE OF RUN
* LM(23) SYSTEM MODE NAME
¥* LN(23) SYSTEM NAME
* LS(8) SYSTEM CODE
* MCODE SYSTEM MODE NUMBER
* NEL NUMBER OF ELEMENTS IN SYSTEM
3* Nt X NUMBER OF SPACING LINES TU APPEAR ON INTeRMoDIATo
* NIT(ZD) NUMDER UF INTLRMEDIATe TIMeES FUR tACH TRANSTITIUN
* INTERVAL
3# NROWS NUMDER CF KOWS IN SYSToem MODE ARRAY
* NST (50) ENTRIES OF THE SYSTEM DEFINITION ARRAY
* NT NUMBER OF TRANSITION TIMES
* NUMOR (50) ARRAY CONTAINING THe NUMLER OF EALH OURDER
* oUTPUT OUTPUT AREA
* SKIP SWITCH
* T WORKING VARIAGLE
* Ti QUTPUT TITLE COUNSTANT
* T2 OUTPUT TITLE CONSTANT
* T3 OQUTPUT T1TLE CONSTANT
* T4 OUTPUT TITLE CONSTANT
* 75 OUTPUT TITLE CONSTANT
* T6 OUTPUT TITLE CONSTANT
* T7 OUTPUT TITLE CONSTANT
* T8 QUTPUT TITLE CUNSTANT
#* T9 OQUTPUT TITLE CUNSTANT
* T10 OUTPUT TITLE CONSTANT
Figure B-57. RAP005 Subprogram, Program Listing (1 of 8)
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* T11 OUTPUT TITLE CONSTANT
* T12 OQUTPUT TITLE CONSTANT
* T13 OUTPUT TITLE CONSTANT ‘
* Tl4 QUTPUT TITLE CONSTANT
* Tlo QUTPUT TITLE CONSTANT
* Ti6 QUTPUT TITLE CONSTANT
* TEMP WORKING VARIAGLE
* WORK WORK ING ARRAY
* ZERO QUTPUT INITIALIZATION CONSTANT
*
TEMP DC 440
I DS 2
J DS 3
K DS 3
L DS 2
SKIP DS 1
T DS S
D DDA ¢1¢100004¢1 e NUMOR=1

DC 1o
DORDERDD sDsesA
D1 DDA 9191010041 ¢ WORK

DC 10
DSKIN DD eDlsssA

DS 1

WCRK DSS 100
NUMOR DAS 50

T1 DAC 8+RAPID-MI1

T2 DAC 33+% PROBABILISTIC SYSTEM MODE ANALYSIS *

T3 DAC 4 +PAGE

T4 DAC 240F

TS DAC 4 DATE

T6 DAC 38.——*——*——*—~*~—*——*——*-—*——*--*——*——*——

T7 DAC 64SYSTEM

T8 DAC 16+DEFINITION ARRAY

T9 DAC 504——==—m————-mm——m— ELEMENTS-—===-==—m=m=—————— e

Tilu OAC B01123496789012545070901c345078901c340678901c345078%90
T11 DAC 19+SPECIFIEL MODLES
T2 DAC 10+MODE ARRAY
Ti3 DAC 18+5UBMODE ( O/ N) %3¢
Tl4 DAC 9 ¢ / ) ¥
TS DAC 22+MODE ARRAY (CONTINUED)
T16 DAC 24 %%
QUTPRUTDSS 160
DAC 14!
ZERO DSC 5040
DC S50+0
DC 50+0
DC 1C+0
DAC 1.
CARD DPRAOUTPUT+1
*
* TRANSFER OF ARGUMENTS
*
DC 540
RAPQUSTFM THF+6.L5-4
AM TF+644410
AM  RAPOOS-14¢54¢10
TF CF+11+RAP0O0S=-1411
BNF #+4+36¢CF+11
CF CF CF+11

Figure B-57. RAPO005 Subprogram, Program Listing (2 of 8)
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TF  CF+11eCF+11011
TF TF  LSeCF+11
AM TF+64¢1410
BNR RAPQOOS+12+TF+60+11
AM RAPOOS—142410
*
3* START UF SUBROUTINE
*
TFM D1+5+410100
INDEXIBBASBANDA

BBI3SBANDB
TOM GOODBY+1140 e SET BAND O EXIT
B7 BANDO
BANDA TDM GOODBY+11eles SET BAND 1 EXIT
87 BANDO
BANDB TOM GOODBY+11s24e SET BAND 2 EXIT
BANDU BS  ¥*¥+12¢Ga SELECT BAND O NOW

TFv IPAGE+0e+68

TF SACK=13eNTel1l

SM BACK=~1341410

TEFM ITOTAL 2468

CM  MCODE+04+68

BNE NORMAL

TOM SKIPs1

BTM TIMES«¥+12

Lo Q7T

DM 95449410

A ITOTAL 9546

A ITOTAL«NEL +611

B7 BEGIN
NORMALTF TEMP ¢« NROWS e 1 1

SM TEMP 34410

(o} TEMFPeUe1 O
BH #+20
B7 #+56

AM ITOTAL 14610
LD 97« TEMP
DM 95446410
A ITOTAL 49546
BTM TIMES«¥+12
TF TEMP «NROWS e 11
A TLEMPoNEXe 11
LD 97+ TEMP
DM 95449410
TF *¥+23495
MM TeC
A ITOTAL 49946
A ITOTAL +NEL 611
A ITOTAL +T 6
TDOM SKIP+O

BEGIN GET DORDER
BTM HEAD+%¥+12

* PRINT SYSTEM DEFINITION ARRAY HEADING
TR OUTPUT«ZERO
TF  QUTPUT+85+T7+10
PUT CARD

TF  QUTPUT+95,.T8+30
PUT CARD

Figure B-57. RAPO005 Subprogram, Program Listing (3 of 8)
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BTV VT UT e+ 2

*

PRINT 3YSTeM DEFINITION ARRAY

BTM T1l160UT+¥*+12

TR OUTRUT « ZLRU

TEM QUTRPUT+149414410

TFM QUTPUT+43414410

TFE  QUTPUT+39,T11+28

TF ELMODC+1 1 oNST

TFM [ 41410

TEM ELMOOE+6+QUTRPUT+47

TFY ELmUDE+18.WUTRUT+46
ELMODETL CQUTRUT+47 «NST

ToM OUTRPUT+460Le7

AM Telaell

AM  ELMODE+64¢24¢10

AM  FLMODE+1144410

AM  ELMODE+18+42410

c ToeMEL W11

BNH e LmODE

PUT CARD

BTM T160UT+*+12

TR QUTRUT « ZERO

PUT CARD

Tk QUTPUT+1953¢T6E+ 74

TF OUTPLUT+81 +TH+T74

PUT CARD

RD  GOODBY«SK P

*
* PRINT SYSTeM MODE ARRAY HEADING
*
TR  OUTPUT 447 RU
TF CUTRPUT+853 T 7410
PUT CARD
TFE  OUTRPUT+8%9.T12+18
PUT CARD
BTYv TOOUT«*+12
TR OUTRPUT s ZE KU
TF UL TRUT+1494T16+c
TE QUTHUT+4:.T16+2
TF O OQUTRUT+45.T 13134
PUT CARD
¥*
* PRINT SYSTEM mODE ARRAY
¥*

TFM JLUOOK+11 4359

TR QUTPUT ¢ ZERO
SMA TFM Jel o9

TFM T4161GC

TFM #+35¢NUMOR

TFM Kol elO
LOOP1 C K ¢« NUMOR

BNH L INE

AM TelalC

AM  ¥-2542010

7 SMA+36
LINE TR OUTRPUT«ZLRO

GET DSKIN

TFM #4950 4 WORK

Figure B-57. RAPO05 Subprogram, Program Listing (4 of 8)
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TEM LNTRY+604s0UTRPUT +46
TEFM ENTRY+186s0uTPUT+47
TEM Le1410
BNF ENTRY s WORK
AM #-=141¢10
AM  Le1410
AM ENTRY+6+¢2410
AM  ENTRY+1842410
TOM ENTRY+6+4046
TOM ENTRY+184046
C LeNELs11
BNH L INE+84
B87 ENTRY+32
ENTRY TDM OQUTPUT+464+7
TO OUTPUT+47 ,LINE+95411
B7 LINE+96
TD QUTPUT+174J
TOM QUTRUT+1647
BOD *¥+20¢J-1
B7 *¥+32
TD OUTPRPUT+15+J-1
TOM QUTPUT+14 .7
BD #¥+204J-2
B7 ¥+32
TD OUTPUT+13+J-2
TOM QUTRPUT+1247
TF QUTPUT+43+T14+16
TD OQUTPUT+37 K

TOM CUTPUT+3e,:7
BD ¥+20+K-1
B7 ¥+32

TD QUTRPUT+35 +K=1
TOM QUTRPUT+344+7
TD OUTPUT+31 41
TOM QUTRPUT+304+7
BD *¥+2" 011
B7 #4+32
TO OUTPUT+2941~1
TOM QUTPUT+284+7
TFM QUTPUT+14G414410
PUT CARD
AM KelslO
AM  Jsl 410
AM D1+5+1410
JLOOK CM  Je«35410
BE #+20
87 ¥4+20
BTM EXTRA«¥*4+12
C JeNROWS.11
BNH LOOP1
BTM T160UT +¥#+12
TR QUTPUT ¢« ZERO
PUT CARD
TF QUTPRUT+153:.T6+74
TF QUTPRUT+81 ,T6+74

PUT CARD
GOODBYBS RAPQOOS5-1446
DS 6
*
* PRINT SYSTLiM MODe ARRAY CUNTINUATIUN HEALING

Figure B-57. RAPO005 Subprogram, Program Listing (5 of 8)
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*
EXTRA BTM HEZAD ¢ %4} [
A JLOOQF 411 eabe 1 0
TR QuTHUT e i RU
TF OUTHUT+BD e 17410
PUT Jlakuw
TF DUTRPUT+HL O e T L ot+al
PUT CARD
BTM TOGOIT ¢%¥4+12
£ EXTRA=~1 446

¥*
* CALCULATL TUTAL NUmBocr OF TIMES
*
TIMES TFM Taelsl0
TEM TEMRP U6
TF FACK4+ Y Lol T
CcM IeMT=1
FH THRANS
BACK A ToMP eiNIT T
an BACK+ ] 1ed el
Ami T1elsl0O
. 87 BACK=24
TRANS A TEMPeNTo 11
T T« TLMP
03 TIMES~=1e46

*

* SUTHRUT TS ati, T1O

*

TOOUT TR OUTRUT + ZEIRO
PUT CARD
TF CUTRPUT+14L4T9+98
PUl CARDL
TR QUTRUT » 71 0
TFM T elael:
TFM %w4+3C40UTPUT+65
TEM #+30+QUTHUT+64
™ QUTRPUT +6% ¢ 1
TOM QuTrUT+e447
A Teloely
A (=30 el
£ Ve 30 gy o !
Cw TeDelis
BNH #*~-72
PJUT CARD
TH OUTRUT+1gos T 1u+9d
PUT CARD
8 TOOUT=1 406

*

* QUTPUT T16

*

TI60UTTR  OUTRPUT +ZEROC
TF  QUTFRUT+149.T16+2

Ti” QUTHUT+4L 01 16+
PUT CARD
[} Tlowvsi-leew

*

L] PRINT TOF OF | AGE

*
HE AD TR OUTRUT « 2t RO

SR, 1
Figure B-57. RAPO005 Subprogram, Program Listing (6 of 8)
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AM IPAGE 14610

TF OQUTRPUT+21Tl+14
TF QUTPUT+117.T2+74
TF OUTRPUT+135:T3+6
TF TEMP ¢« IPAGE 411

=18) *¥+20¢e TEMP=2

87 *+32

TOM OQUTRPUT+1364+7

TD OUTPUT+137.TEMP=-2
BD  *+Z20sTEMP=-]

B7 *¥4+32

TOM QUTPUT+13847

TO QUTPUT+139+sTEMP=-]
BD *+20TEMP

B7 *+32

TDM QUTPUT+1404+7

TD OQUTPUT+141+TEMP
TFE QUTPUT+147.T4+2
TF TEMP s ITOTAL #1 1

BD *¥+20+TEMP=2

B7 *+ 3z

TDM OUTPUT+148,+7

TD OQUTPUT+149TEMP-2
BD *+2C+TEMP=-1

B7 ~ %+32

TOM OQUTPUT+15047

TO OUTRPUT+151sTEMP~-1
BD *+20

R7 *¥+32

TDM QUTPUT+1524.7

TD OQUTPUT+153+TEMP

PUT CARD
TR QUTPRPUT s ZERO
TFM 1e1610

TF CODE+11.LS

TFM CODE+6.0UTPRPUT+7

SM  CODE+11+2410
CODE TF OQUTPUT+7.L5

AM  CODE+642410

AM CCDE+1144410

AM Te1410

CcM [¢8410

BNH CODE

TFM 141410

TF  NAME+411 LN

TFM NAME+6+OUTPUT+37
NAME TF QUTPUT+37+LN

AM NAME+644410

AM NAME+1144410

AM IelolO

CM 1¢23410

BNH NAME

TFM 141410

TF  DATE+11.LD

TFM DATE+6+0UTRPUT+141
DATE TF OQOUTPUT+141}1+LD

AM  DATE+6+¢6410

AM  DATE+1144410

AM 141410

CcMm Ie3410

Figure B-57. RAPO005 Subprogram, Program Listing (7 of 8)
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MONT

DAY

YEAR

MODE

LAST

BNH DATE
RD  MONTH«OUTPUT+140
TOM QUTFUT +14047
B7 #+44
H TL OUTPUT+139.0UTPUT+140
TLOM QUTPRPUT+138¢7
TOM QUTPUT+140
AL JDAY OUTPUT+146
TDOM OQUTPUT+14647
B7 *+44
TO OUTPUT+145.0UTPUT+146
TOM QUTPUT+144,47
TOM QUTPUT+14647
8D YEAR QUTPUT+152
TOM QUTPUT+1524+7
B7 ¥+44
TD OQUTPUT+151+.0UTRPUT+152
TDM QUTPUT+15247
TOM QUTPUT+1504+7
TF QUTPUT+135,T75+6
TFM QUTPUT+143421410
TFM QUTPUT+149+21410
PUT CARD
TR QUTPUT 4 ZERO
TFM 141410
TF  MODE+11.LM
TFiv MODE+6+QUTPUT+37
TF  OUTRPUT+37.LM
AM  MODE+644410
AM  MODE+11+4410
AM Iele10
CcM 1¢23410
BNH MODL
PUT CARD
TR OQUTPRPUT +ZERO
TF QUTPUT+153+T6+74
TF  QUTPRPUT+81.T6+74
PUT CARD
B7 HEAD=1446
DC 2
DENDRARPOOS

Figure B-57. RAPO05 Subprogram, Program Listing (8 of 8)
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RAPUO7

C1i

ce

Cc3

CcC

E

FLAMB(50)
I
1CODE(50)
TEL
IERROR

J

JF1IX

JJ

K

L

LC(8)
LE(S)

LT(8)

MARK
MENT
MM

N

NAME (3+8)
NEL

NN
NPLUS
NST(50)
=)

X

SUBROUTINE RAPOOQO7

INPUT FROM DATA TRANSMITTAL FURM 111
CONDITIONAL
CONDITJONAL PROBABILITY
CCNDITIONAL PROBABILITY

SUM OF CONDITIONAL PROBABILITIES
EXPONENT

FAILURE RATES PER HOUR

INDEX

ARRAY CONTAINING S CODE

ELEMENT NUMBER
INDICATORs O IF NO
INDEX

INDEX

INDEX

INDEX

INDEX

ELEMENT CODE
ELEMENT NAME

PROUSABILITY

INPUT ERRORs 1 IF AN

INDEX

IeDe NOe IN COLe 8C OF INPUT CARDS

NUMBER OF ENTRIES IN THE SYSTeM CODE TAblLe
INDEX

INDEX

ELEMENT MODE NAMES

NUMBER OF ELEMENTS
INDEX

NUMBER OF ELEMENT MODES

ENTRIES OF THE SYSTEM DEFINITIUN ARRAY
PROBABILITY

FAILURE RATE PER MILLION HUURS

IN SYSTEM

(NEL oNST + ICUDE +FLAMB « MENT ¢ JERROR)

DIMENSION LE(S5)sLC(8) NAME(348) ¢+NST(50) +FLAMB(S0) + ICUDE(S0)+L.T(8)

INPUT E£RROR OCCURRED

OO0

100 FORMAT (1XsI2+11XeSA2¢1241XeE10e2¢2Xe8A10¢41Xe12)

101 FORMAT (3Xe+3(2XeBAZ2e1XeEGel)elc)

102 FORMAT (17H DATA SET I1GNORED)

103 FORMAT (1H «12+21H CARD OUT OF SEQUENCE)

104 FORMAT (1H «35HELEMENT NUMBER ERROR IN TYPE 6 CARD)

105 FORMAT (1H +12HS CODE ERROR)

106 FORMAT (1H +18HPROBABILITIES FOR +4A2+5H MODE+I3¢12H NOT ON DISK)
107 FORMAT (1H +42HCONDITIONAL PROBABILITY ERROR FOR bLEMENT +12)

108 FORMAT( 1H +32HELEMENT CODE MISSING FUR ELEMENT13)

DO 38 L=1+NEL
READ 100+TEL+LEsJoeX oL CoMARK
M=1500+1EL
ICODE(IEL)=U+1
IF(MARK-6)31 5431

S IF (NEL~IEL)32+64+6

6 IF (J=2)7+7433

7 Jd=J+1
RECORD (M)
M=1550+1EL
FIND (M)

(LE(K) oK=145)

COMPRESS ELEMENT CODE

Figure B-59. RAPO007 Subprogram, Program Listing (1 of 3)
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000N

O 00D

O 0

[a¥]

10
11
12
13
14

16

17

39
18

19

DO 4 1=1e7
K=K+1

IF (LC(K))44204
DO 3 J=Kae7

LC(JYy=LC(U+1)
LC(B8)=0

K=K=—1

CONT INUL

LC(1)=LC(1)+LC(2) /100
LC(2)=LC(3)+LC(4)/100
LC(3)=LC(9)+LC(6) /100
LC(4)y=LC(7)+LC(&)/100
RECORD (M) (LCC(I)el=1e4)
N=NST(IEL)

GO TO(B4e1644C) s JJ

LOCATE ELEMENT PROUVASILITIES ON DISK

IF(LC(1)Y)Y17441617
IF(MENT )34 43449
NPLUS=N+1

DO 15 I=1+NPLUS
LC(Sy=1-1

NN=2050+MENT

DO 14 J=2051 «NN

JFIX=J

FETCH (UFIX) (LT(K)eK=149)
IF(LT(1)=LC(1))14,410414
IF(LT(2)Y~LT(2)Y)14011014
IF(LT(3Y=LC(3)) 14412414
IF(LT(4)=LT(4))144e13014
IFALT(S)=~LC(D)) 14015014
CONT INUE

GO TO 34

CONT INUE

GO TO 17
FLAMB(IEL)=X/1000000,
MM=4g*[EL -3

M=MM

P=1.

E=0.

RECORD (M) PJE

DO 1 I=1eNss

READ EBELEMENT MODE NAMES AND CONUITIONAL PrOALICITIes

READ 101 ¢ (NAME (1 eK)eK=148)eC1l s (NAME(Z2eK)aK=198)+sC2s (NAME(3oK)sK=10

181+ C3eMARK

IF (MARK=6)31e¢3%¢31

GO TO (194184¢19)eJJ
M=MM+(I+2)/3

RECORD (M) CletieC2eteC3oE
M=49QC+10%TEL+1]

RECORD (M) (NAME (1K) eK=148)
RECORD (M) (NAME(24+K)eK=148)
RECORD (M) (NAME(3+K)eK=148)

CHECK SUM OF CONDITIOUNAL PROLABILITIES

IF (JJU=-2)384364+38

Figure B-59. RAPO007 Subprogram, Program Listing (2 of 3)
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00

36

37

38

31
30

32

33

34

35

41

M=MM+1
CC=0.,
DO 37 1=1eNe3

FETCH (M) ClsE+C24E+C34E

CC=CC+C1+C2+C3

IF(CC=14)354384¢35

CONT INVE
RETURN

CARD SEQUENCE ERROR

PRINT 103+MARK
IERROR=1

PRINT 102
RETURN

ERROR IN ELEMENT NUMBER

PRINT 1C4
GO TO 30

ERROR IN S CODE

PRINT 105
GO 70O 30

PROBABILITIES MISSING

PRINT 106+ (LC(J)ed=145)

GO TO 30

ERROR IN CUNDITIONAL PROBABILITIES

PRINT 107+1EL

GO TO 30
PRINT 10841EL
GO TO 30
END
Figure B-59.

RAP007 Subprogram, Program Listing (3 of 3)
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OO0 O00O000O00O0 00

100
101

RARPQO8 — = = [INPUT FROM DATA TRANSMITTAL FORM 11 A
1 INDEX
ICODE(50) ARRAY CONTAINING S CODE
ITEST(50) ARRAY FOR KEEPING TRACK OF ELEMENTS PROCESSED
IERROR INDICATORs O IF NO INPUT ERRORe | [IF AN INPUT ERROR OCCURRELD
J INDE X
MARK FeDe NOe IN COLe 80 OF INPUT CAKDS
N NUMBER OF TRANSITIUN INTERVALS
NB BEGINNING ELEMENT NUMBER
NE ENDING ELEMENT NIMBER
NEL NUMBER OF ELEMENTS IN SYSTEM
NT NUMBER OF TRANSITION TIMES
xX(25) K FACTORS

SUBROUTINE RAPOO8 (NEL ¢NT ¢ ICODE + IERROR)
DIMENSION X(25)+ICODE(S0)ITEST(50)
FORMAT(1Xe12¢2Xe12¢5(2XsE1062¢2X)e13)
FORMAT(7X+S(2XesE1042¢2X)e13)

102 FORMAT (1H «12+21H CARD OUT OF SEQUENCE/1H +25HDATA SET IGNORED -
1021RAP0O08B)
103 FORMAT (1H +3SHELEMENT NUMBER ERROR IN TYPE 7 CARD/1H +25HDATA SET
1031 I1GNORED =~ RAPOO8B)

DO 20 I=1«NEL
20 ITEST(1)=0

DO 21 I=1.NEL

IF (ICODE(I)=-2)21422421
21 CONTINUE

RETURN

N=NT=-i

READ 100«NBWNE«(X(])eI=145) MARK

@

10
11

12
13

[eNe}

14

[eXe]

15

I T . L ____aamma ___ saaams 4 L N U Ul Ul T T W S = L
Y
N Ooue W - N

IF(MARK=-7)1442¢14
IF(N=5)5¢54¢3

DO 4 [=64N+5S

READ 101 eXCI)eX{I41)eX{I+2)eX(I43)e¢X(144) +MARK
IFI(MARK=7)1444414
CONTINUE
IF(NE-NB)15+¢646
IFI(NEL-NE) 15477

DO 8 I=NB«NE

J=1596+5#%]

ITEST(l)=2

RECORD (J) (X(K)sK=]sN)
DO 1! I=1eNEL

IF (ICODE(1)-2)11+410411
IF (ITEST(I)=2)1e¢1101
CONT INUE

DO 13 I=1eNEL

IF (ICODE(1)=~2)12413¢12
IF (ITEST(I1)~2)13¢15413
CONTINUE

RETURN

CARD SEQUENCE ERROR

IERROR=1
PRINT 102+MARK
RETURN

ERROR IN ELEMENT NUMBER
IERROR=1

PRINT 103

RETURN

END

Figure B-61. RAPO008 Subprogram, Program Listing
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ITT @ ITT+NT
ITTe
ENTRY | 0 N1 ITTeITT+NIT(N) NeN#$ 4 vES NCPM= ITT/3
NTA T~ IENTRY=-ITT-3%
NCPM
IENTRY<3
YES
JOBS=+ 0
N 4 1AVe IAVAIL | NO
L ITVAV+ 2051 NCPM < NCPM+.1 IENTRY < 1
L
IND<* O
IIZERO=]AV-3
-4
JOBS +JOBS +1
MODMAX<+ MMAX(N} Nje 1] N2e1 |
MODM «=MODMAX +1

n INDEX<+3
NO
READ IEN, M, YES
T(),P(11,T(2),| vES
PL2), T(3),P(3), IND=O NO IND<O | INDE X IENTRY|
NCARD

K«1550+ 1EN NCARD=8

ARGUMENTS
INPUT [ OUTPUT
IAVAIL | IAVAIL ‘
ICODE | IERROR |
MENT MENT ‘
NEL

NIT
NST
NT

Figure B-62. RAPO009 Subprogram, Logic Flow Chart (1 of 4)
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OO0 0000000000000 00O0 OO0 O00OO0D

100
101
102
103
104
105
106
107
109
110

RAPOO9

IAV
I1AVAIL
1CODE (4)
1EN
1EN1
IENMAX
IENTRY
1 1ZERO
IND
INDERR
INDEX
1S(50)
177
ITVAV
1 ZERO
JOo8ss

K

[

L1

L2

L3

M

M1
MMAX (S0)
MODM
MODMAX
N

N1

N2

N3
NCARD
NCPM
NIT(25)
NT

NT1
P(3)
PP(3)
T(3)

INPUT FROM DATA TRANSMITTAL FORM

Il v

AVAILASLE RECURD NUMBER
AVAILAGSLE RECORD NUNMBER

INITIAL
CURRENT
ELEMENT CODE

ELEMENT NUMBER

SAVED ELEMENT NUMBER

NUMBER OF ELEMENTS

NUMBER OF ENTRIES PER MODZ

INDE X

MODE ZERC SWITCH

INDICATORs O IF NU INPUT ERkURe 1
NUMBER OF ENTRIES ON NEXT CARD
ARRAY CONTAINING S CODE

TOTAL NUMBER OF TIMES

NUMBLER OF ENTRIES IN THE SYOLTewm
INDEX

NUMEBER OF PASSES

INDEX

INDE X

INDE X

INDEX

INDEX

MODE NUMBER

SAVED MODE NUMBER

ENTRIES OF THz SYSTEM DEFINITION ARRAY
NUMBER OF MODES FOR CURRENT LELeMeNT

MAX IMUM MODE NUMBER FUR CURRENT eLEMeENT
INDE X
INDEX
INDEX
INDEX
l]eDe NOo
NUMBER OF
NUMbER OF

IF AN

CoObr TApLt

IN COLes 80 OF INPUT CARDS

CARDS PER MODE

INTERMLD IATE TIMes FUR cACH TRANSITION
NUMBER OF TRANSITION TlMk

NUMBER OF TRANSITIUN INTERVALS

PROBABILITY SUMMATION

INPUT PROBABILITIES

TIME

INTERVAL

SUBROUT INE RAPOOQ(IScIENMAXoMMAX.NToNITolAVAILoITVAV.INUERQ)
DIMENSITUN T(3)eP(3)ePP(3) e 1COLE (4) sMMAX(D0) sNIT(25)015(20)

FORMAT (1H

« 1 3HMACHINE cwRROR/720H DATA SeT IGNOURED - KRAPO009)

FORMAT(213+3(F12e¢0eF1240)012)

FORMAT(1H
FORMAT (1H
FORMAT (1H
FORMAT (1H
FORMAT(1H

FORMAT(26H DATA SET

FORMAT (1H

«]2¢21H CARD OUT OF SEQUENCE)

+« 3SHELEMENT NUMBER ERRUR IN TYPE 8 CARD)
«31HTYPE 8 CARD MISSING FOR ELEMENTe13)

s 22HMODE ERROR FOR ELEMENT.13)

¢SIHTYPE o CARD MISSING FOR ELEMENTeI3+0H
IGNORED = RAPQQ09)

«12HS CODE ERROR)

mMODE 1 3)

FORMAT (52H INPUT OF TYPE 8 CARDS NOT REQUESTED FOR ANY ELEMENT)

1TT=0
NT1=NT=~1
DO 1

N=1eNT1

ITT=ITT+NIT(N)

ITT=1TT+NT

Figure B-63.

RAPO009 Subprogram, Program Listing (1 of 3)

B-186

INFUT eRRUR OUCCURREL




9

25
26

27
75
70
71
73

10

72

63

61

64
62

65

11
12
14

15
13
16

17
18
20

21

NCPM=1TT/3
IENTRY=ITT-3#NCPM
IF(IENTRY=-11)994242
IENTRY=3

GO TO 3
NCPM=NCPM+ |

JOBS=0

IAV=TAVAIL
L=1TVAV+2051

DO 50 N=1 sy IENMAX
IND=0

I1ZERO=1AV~-3
IF(IS(N)Y=3)50e647
PRINT 1C941S(N)

GO TO 98
JOBS=40BS+1
MODMAX=MMAX(N)
MODM=MODMAX+ 1

DO 51 N1=1.MODM

DO 52 N2=1 +NCPM
IF(NCPM=N2)26426+¢27
INDEX=TENTRY

GO TO 75

INDEX=3

IFCIND) 70471472
PRINT 100

GO TO 98

READ 101+ 1EN«Me(T (1) eP(1)s1=1+3)sNCARD
K=1550+1EN

=R A NI WV
[ G 1 G s

IF(NCARD-8)10+11410
PRINT 102 +NCARD

GO TO 98

I 1ZFRO=11ZERO+3
1ZERO=11ZERO

DO 63 L3=1.+3

P(L2)=0,

DO 62 L2=1.MODMAX

DO 61 L1=1+.INDEX
FETCH (I1ZERO) T(L1)+PP(L1)
DO 64 L3=1+INDEX
P(L3)=P(L3)+PP(L3)
I1ZERO=1ZERO+11T7-3

DO 65 L3=14+INDEX
P(L3)=1+~-P(L3)

M=0

GO TO 73
IF(N1I=1)12412413
IF(IENMAX=TEN)144+15415
PRINT 103

GO TO 98

IEN1=1EN
IF(IEN-TIEN1)16417416
PRINT 104,1EN1

GO TO 98
IF(NZ2-1)18.18419

IF (MMAX(N)~M)20+21421
PRINT 1C0S41EN

GO TO 98

M]1=M

Figure B-63. RAPO009 Subprogram, Program Listing (2 of 3)
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30

98

FETCH(K) (ICODE(

KK) s KK=144)

RECORDI(L) (1CODE(LL)Y sLL=144)eMe]AV
IF{M=M1)22+28+22

PRINT 1ube [ENsMI
GO TO 98

DO 93 N3=14+INDEX
RECORD(ITAV) TUIN3)+PIN3)

CONTINUE

1IF (N1-MODMAX)1S1
IND=1

CONT INUE

CONT INUL
IF(JOBS-1)29¢30U
PRINT 110
INDERR=1

RETURN

INDERR=0
IAVAIL=T1AV
I1TVAV=L-2050
RETURN

PRINT 107
INDERR=1

RETURN

END

Figure B-63.

WT44T74

30

RAPO009 Subprogram, Program Listing (3 of 3)
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OO0 O0000000000000000000000000O0N

3

RAPU10 - = - CALCULATE ELLMENT Mok PRUBAGILITIES
C CONDITIONAL PROBABILITY
D WORKING VARIABLE
E VALUE OF EXPUNENT UP TU LAST TRANSITION TIME
FLAMB(20) ARRAY CONTAINING FAILURE RATES PER HOUR
[ INDEX
ICODE(D0) ARRAY CONTAINING S CODLE
[ERROR INDICATOURs O IF NO INPUT LrrORy 1 IF AN INPUT cikOR OCCURREU
INDE X INDEX
J INDEX
JCODE S CODE FOR CURRENT ELEMENT
K INDE X
KK INDE X
L INDEX
LE(D) ELEMENT CODLE AND MODE
LT(S) TEMPORARY WORKING ARRAY
M INDEX
MENT NUMBER OF ENTRIES IN THE SYSTeEM CODE TAULLE
N NUMBER OF MODES FOR CURRENT ELEMENT
NEL NUMBER OF ELEMENTS IN SYSTEM
NN NUMBER OF TRANSITION INTERVALS
NST (50 ENTRIES OF THE SYSTEM DEFINITION ARRAY
NT NUMBER OF TRANSITION TIMES
NT 1 TIME INDEX FOR STURED PRUSAUILITIES
NTIME INDEX TO LAST TRANSITION TIlME
P(504,10) ELEMENT MCDE PROBAGILITY
T CURRENT TIME
TT(25) TRANSITION TIMES
X VALUE OF EXPONENT AT CURRENT TIME
Y(25) ARRAY CONTAINING K FACTORS
YY(6) TEMPORARY WORKING ARRAY

SUBROUTINE RAPOLIO (NELeINSTaTeTToFLANMBeNT s ICUDE «NT T «ENToNTIME«P)
DIMENSION LE(S) +sLT(D) e Y(25) sNST(S0)+TT(25)+FLAMB(50) ¢« ICODE(50) P (5

104100

DIMENSION YY(6)
DO 20 I=1+NEL
JCODE=1CODE(I)

N=NST(I)+1

GO TO(141141)+JCODE

K=1550+1

FETCH(K) (LE(L)sL=14+4)

M=2051
FIND (M)

IF(MENT)Y24842
KK=2050+MENT

DO 10 JU=1«N
LE(S)=JU~1

DO 7 K=2051+KK

M=K
FETCH(M)

(LT(L)Ysl.=145) ¢ INDEX

IF(LEC1)=LT(1))7e3e7
IF(LE(2)~LT(2)) 70447

Figure B-65. RAP010 Subprogram, Program Listing (1 of 2)
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4 [F il (3y=uT ey ) fetia?
S IF(LF(a)=LT(4)) 76607
6 IF (e (D)~ T 0o) Teed
7 CUNTINUL

8 [ERROR=1
RETUIRN

G INDEX=INDOX+NTI -1

10 FETCH (INDtX)TnP(I'J)
GO T4« Z0e20) ¢ JCOLL

26 P(leld)=le~-t"(isl)

GO TGO 1%

11 DD 14 J=1 N
L=4#*1=-3+(U+1)/3
IF(J=1)1224c1 42

21 FETCH (L)CHE

GO TO 23

S FETOURILY (YY (M) e - 100
A4 I=x ((J=2)/70) =111
C=YY (M)

E=zYYIM+1)
P33 L=6*[+1596
FIND((L)
X T=TT(HLTIMLY ) #F L AMB (1) ¥C
Nty M T =1
FETOHILY (Y Q3 esio i oMN)
X=E+X*Y (NTIME)
[IF(X=1e412012e1
12 P(IoJ)=X*(1.-X/2.ﬂ(l.-X/B.*(lo—X/Q.*(lo—X/b.*(lo-X/6o*(lo-X/7-*(lo
l“X/B.*(l.—X/O.*(l.-X/lO.*(lo-X/ll.*(l.-X/lE.*(1.-X/13.*(l.—X/14.*(
Ple=1%e*¥(1e=X/16¢))1312111113)))))
GO TO 14
12 P(led)=l o=FXPF (-X)
14 CONTINUE
15 D=0e
DO 16 J=2«N
16 D=D+P(1l+U)
IF(DY1 7418417
17 D=P(1+1)y/D
1 17 J- Y
199 P(laJ) DCTes ) ¥y
P(lel)=le=FPClsl)
S CORT INJL
RETURN
FND

Figure B-65. RAPO010 Subprogram, Program Listing (2 of 2)
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YES

YES
L

Tie—TT(I-1)

READ
RECORD K
Y(1)...Y(N)

NO

v
I YYC—Y(T)J IYY*—Y(!-I)]

I Ke—2 & KK*—NST(J)+1
Kol READ
L‘-—4*J‘3+—3— RECORD L
XC{1)... XC(6}

NO

Ke—K+3

YESo@

YES LL=LL+1

READ
RECORD K
C,E

Tz«TT(rHr«-NT-H Jo-ﬂ—

Ke—5%J+1596 Fe-FLAMB(J) [€YES

WRITE
RECORD K E@E+(T2-T1%F*YY*C
CE
\ C.E
YES
le1L-1 KK<K+3 LLLe—KK

l—-D‘LLI.4-K+Z

NO

Je—J+1

veeoe
oo

LLe—K

XC{M +1) «— E+

(T2— T HFHYY%C

u4—z*(LL—3*(5‘;—2-—1))-1

C4—XC(M)
E4—XC(M+1)

Figure B-66. RAPO11 Subprogram, Logic Flow Chart
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™ " ARGUMENTS |

INPUT

OUTPUT

FLAMB
I
ICODE
NEL
NST
NT

TT




Ao O000000COO00000ND 000 OO0 00

12
13

o

RAPU 11

Mmoo

FLAMB(20)
I
1COLE(50)
J

K

KK

L

LL

LLL

M

N

NEL

NST (50)
NT

T1

T2

TT(29)
XC(6)
Y(25)

YY

SUBROUT INE

- UPDATE EXPONLENT FUK & TO THE MINUS LAMUDA

CONDITIONAL PROBABILITY
VALUE OF EXPOUNENT UP TO LAST TRANSITIUN TlME
FAJLURE RATE PR HUUR FUR CURKENT bLBEMENT
ARRAY CONTAINING FAILURE RATES Pk HOUR
INDEX
ARRAY
INDEX
INDEX
INDE X
INDEX
INDEX
INDEX
INDEX
NUMBER OF TRANSITION
NUMBRER OF ELEMENTS IN SYSTEM

ENTRIES OF THE SYSTEM LLEFINITION ARRAY
NUMBER OF TRANSITION TIMES
PREVIOUS TRANSITIUON TIME
CURRENT TRANSITION TIMb
TRANSITION TIMES

WORKING ARRAY

ARRAY CONTAINING K FACTORS
K FACTOR FOR CURRENT TIME

CONTAINING S CODE

INTERVALS

INTERVAL

RAPO1I1(NEL sNSTeTTeleFLAMBWNT « ICUDE)

DIMENSION NST(50) « TT(29) s FLAMB(90) s Y{£D) o ICULE(20) 4+ XC(6)
UPDATE(E «T2eT1sFeYYsC)=b+(T2=-T1)¥F*YY*C
IF(I~1)9+¢8+9

T1=0e

GO TO 10
T1=TT(I-1)
T2=TT(1)
N=NT=-1

DO 7 J=leNtbL
IF(ICODE(J)~2)T7e167

F=FLAMB(J)
K=5%¥J+1596
(Y(L)sL=1eN)

FETCH(K)

IF(I~-1)12¢11412

YY=Y(1)
GO TO 13
Yy=y(l-1)
K=4¥ J=3
FETCH (K)
K=K=~1

Coo

E=UPDATE(E+T2¢T1«FaYYsC)

RECCRD(K)

Ce
KK=NST(J)+1

DO 6 K=2+KK4¢3
L=4¥J=3+(K+1)/3

FETCH(L)
L=L-1

(XC(LL)YsLL=146)

IF(KK=K=3)2¢34¢3

LLL=KK
GO TO 4
LLL=K+2

DO 5 LL=KeLLL
Mz2% (LL=-3%((LL-2)/3)-1)-1

C=XC (M)
E=XC(M+1)

XC(M+1)=UPDATE(E_QT20T[QFQYYQC)

RECORD
CONT INUE
RETURN
END

Q]

(XC(LL)sLL=1046)

Figure B-67. RAPO11 Subprogram, Program Listing
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sNsNeNeNeNeNsNoNeNeNeNeNeNsNeNsNeNeNeNe N Ne e Xe e e N aNe!

RAPU1Z = = = PRINT QUT DETAILED ANALYSIS PAGE FOUR UNE TIlMt
BP(100) BASIC SuBMODE PROBABILITIES
1 INDEX
IPAGE PAGE NUMBER
I1TAS INDEX TO NeXT ENTRY IN PRUcABILITY SUMMARY TAsLE
ITOTAL TOTAL NUMBER OF PAGES
J NUMGBER ROW OF ORUER [
L ROW NUMBER
LD(3) DATE OF RUN
LM(23) SYSTEM MODE NAME
LN(22) SYSTEM NAME
L5(8) SYSTEM CODE
MAX LARGEST SUBMODLL ORDER FOR CURRENT SwmA
MCODE SYSTEM MUDE NUMBER
NEL NUMBIER OF ELEMENTS IN SYSTEM
NJ INDEX
NR NUMBER OF ROwS IN SYSTEM MODE ARRAY
NUMCR(50) ARRAY CONTAINING NUMBER OF SUBMODES OF EACH ORDER
PMODE PROUVAUILITY OF SYSTEM MODE UOCCURRING
RELWT RELATIVE WEIGHT OF SUBMGLE
sumBpP SUM OF THE BASIC PROBABILITIES
T CURRENT TIME
TR(100) SUBMODE PROBABILITY EXCLUSIVE OF OVERLAP
TTS TOTAL ORDER PROBABILITY
Y PROBABILITY OF SYSTEM MODE NUN=-OCCURENCE

SUBROUTINE RAPO1IZ (BP+IPAGEs ITOTAL +LSsLNsLD LMo ToNRs ITAB s TR oNUMOR
INEL « PMODE « MCODE )
DIMENSION BP(100) «NUMOR(S0) s TRI100)+LS(8) «LN(23)sLD(3)sLi(23)
100 FURMAT (1H1+3X+s0HRAPID=M]1+10Xes38H* PRUBABILISTIC SYSTEM MODE ANALY
1001515 #+0Xe4HPAGE e I343H UF e 13/1H 2+ 3XaBA116Xe23A2¢6H UATE o lcslH/ 0120
10021H/+12/1H 1 7X+23A2/1H )
101 FORMAT(78H Rt e e e el e e R R e ok £ ToTE DUGS  Jpy AP "Ny
I e e el el et R k)
102 FORMAT(1IH +28X+sOHTIME =¢F12e5¢6H HOURS/1H )

103 FORMAT (1H +12Xs7HSUBMODE s 4X ¢ 54HSUBMODE RELATIVE TOTAL ©
1031RDER TOTAL HMODE/1H +3Xs74HSUBMODE ( G/ Ny PRODABILITY
1032WE IGHT PROBABILITY PROBABILITY/Z1H )

104 FORMAT (1H 44XsI345Xs1H(eI201H/61241H) 91XsF11e8e4XeF10eT7o(4XsF1lle
10418))
105 FORMAT (1H )
1C7 FORMAT (1H +4XeI345XelHI2I2+1H/0I201HY21XeF11e8014Xe2(4XF11,8))
108 FORMAT(1IH +24Xe6HTIME =+4F20e5+6H HOURS/IH )
IF(MCODE) 19416419
19 IPAGE=IPAGE+1
FIND(ITAB)
PRINT 100 +IPAGE+ITOTAL +LSeLNeLDsLM
PRINT 101
IF(T-1000004 )21¢20420
20 PRINTIO08.T
GO T0O 22
21 PRINT1I024.T
22 PRINT 103
SUMBP=0,
DO 1 JU=14NR
1 SUMBP=SUMBP+BP (J)
L=1
DO 3 I=z1sNEL

Figure B-69. RAPO012 Subprogram, Program Listing (1 of 2)
B-197
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10
11

12
13
14

15
16

IF(NUMOR(1))3¢342

MAX =1

CONT INUE

DO 12 I=14+MAX
IF(NUMOR(1))12¢1244
NJ=NUMOR( 1) =1

TTS=O.

DO 7 J=1«NJ

IF (NJ)17418417
TTS=TTS+TR(L)
IF(SUMBP )5 ¢6 45

RELWT=BP (L)/SUMBP

PRINT 106¢ Lol o JsBP(L)WRELWT
GO TO 7

PRINT 107s LsleJeBP(L)
L=L+1

TTS=TTS+TR(L)
IF(1-MAX)8+1348

IF(SUMBP 1941049
RELWT=8P(L)/5UMBP

PRINT 10&e LeleJeBP(L)+RELWTTTS
GO TO 11

PRINT 107s Lol oeJeBP(L)TTS
PRINT 105

L=L+1

CONT INUE

IF(SUMBP) 14415414
RELWT=BP (L) /SUMBP

PRINT 1U4e LeloeJeBP(L)RELWT+TTSPMODE

GO TO 16

PRINT 107¢ LeleJeBP(L)«TTS PMODE
Y=( ¢99999999-PMODE )+00000001
RECORD(1TAB) T+PMODE Y

RETURN

END

Figure B-69. RAPO012 Subprogram, Program Listing (2 of 2)
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T e s T W T W e e W

sNeNeNeNeNeNeNoNeNeoNeeNeNeNeNeReNe e R Ne Re N Ne e e

RAPTH13 = = = PRINT OUT SUMMARY TAUGLE AND RECUORD PRUBAILITIES
I INDEX
IAVAIL CURRENT AVAILAGLE RECORL NUMBiER
IPAGE PAGE NUMBER
I1TAB INDEX TO NEXT ENTRY IN PROBABILITY SUMMAKY TAoLbE
1TOTAL TOTAL NUMBER OF PAGLS
J INDEX
K INDEX
L INDE X
LC(8) SYSTEM CODE
LD((3) DATE OF RUN
LM(e3) SYSTEM MOUE NAME
LN(23) SYSTEM NAME
LS(8) WORKING ARRAY
MCODE SYSTEM MODE NUMBER
MENT NUMBER CF ENTRIES IN THE SYSTEM CODE TABLE
N INDEX
NN INDEX
NT NUMBER OF TRANSITION TIMES
P PROBASILITY OF SYSTEM MODE OCCURENCE
Q PROSADILITY OF SYSTEM MUODE NON~UGCCURENCE
T CURRENT TIME
TT(29) TRANSITION TIMES

SUBROUTINE RAPO13 (ITAB«MENT s IPAGE ¢ ITUTALWLCLNJLD oM IAVAIL TToNT
1 s MCODE)
DIMENSION LS(8)+sLN(23)sLD(3)LM(23)+TT(25)4LC(8)
100 FURMAT (1H1 e+ 3XsOHRAPID=M14 10X e30H%* PRUOSAGILISTIC SYSTL™M MOLE ANALY
100151S *#4OXa4HPAGE s I343H UF el 3/1H «3XaBAlsO6Xe23AZ2s6H DATE slcelH/ el
10021H/412/1H 21 7X+23A2/1H )
101 FORMAT(78H et e R e s Dbl Tr R EPU S P VA IS SR 'SR S R
] = e e Fm m e —H— ) _
102 FORMAT (1H +428X+24HTOTAL MODE SUMMARY TABLE/ZIH /1H +36Xs9HOCCURENC
1021E +6Xs 1 1HN-OCCURENCE/1H +18Xe1cHTIME (HUUKS ) +5X ¢ 1 1HPROBABILITYesSXe 1
1022 1HPROBABILITY/1IH )
103 FORMAT (1H +17XeE13e6sA1¢3XeF1]148e5XeF1148)
104 FORMAT (1H +16Xe47HSUMMARY OF TUOTAL MUDE PROBADILITIES (CONT INUED)
1041/71H /1H ¢ 16X s4HTIME ¢ 12X s 9HOCCURENCE s 9X ¢ ] 3HNUN=UCCURENCE )
1C5 FORMAT (1H +29HPROBABILITY DISK STORAGE FULL)
107 FORMAT (1HO+23X+34HNOTE #* INDICATES A TRANSITION TIME)
DO 12 1=1.8
12 LS(I)y=LC(])
IPAGE=1PAGE+]
N=1TAB=-1851
1TAB=1851
PRINT 100« IPAGEsITOTALSLC+LNsLDsL M
PRINT 101
PRINT 102
NN=0
DO 3 I=14sN
FETCH (ITAB) T.P
Q=(e99999999-P)+,00000001
IF (Q)13s14414a
13 Q=0
14 IF (1-49=NN)1+241
1 DO 10 JU=1NT
IF (T=TT(J))1049410
9 K=1400

Figure B-71. RAPO13 Subprogram, Program Listing (1 of 2)
B-201



10

11

™

GO TO 11

CONT INUE
K=0
PUNCH 103+ TeKesP4Q
GO TO 3
IPAGE=IPAGE+1
PRINT 107

PRINT 100s IPAGE+ITOTAL+LCoLNsLDeLM
PRINT 1C1

PRINT 1G4
NN=NN+52

GO TO 1
CONT INUE
MENT=MENT +1
[=2050+MENT
FIND(I)

L=0

DO 6 J=147
L=L+1

IF (LS(L)Y)6+s446
DO 5 K=L«7
LS(KY=LS(K+1)

L=L-1
LS(8)=0
CONT INUE

LS(1)y=LS(1)+LS(2),/100
LS(2)=L5(3)+LS5(4)/100
LS(3)=LS(5)+LS(6)/100
LS(a)=LS(7)+LS(8)/100

RECORDI(I) (LS(J)eJ=144)sMCODE+ITAVAIL
=1851

DO 8 J=1N

FETCH (1) T.PsQ

RECORD (I1AVAIL) TsPsQ
IF (IAVAIL=-9998)8+7+7
PRINT 105

RETURN

CONT INUE

PRINT 107

RETURN

END

Figure B-71. RAP013 Subprogram, Program Listing (2 of 2)
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OO0O0O00O0O00O0000000O00000000000000000 00

RAPO14 - = — PRINT OUT ELUMENT DESCRIPTIONS
Cc CONDITIONAL PROBABILITY
Fr(25) ARRAY CONTAINING K FACTORS
FLAMB(DU) ARRAY CONTAINING FAJLURE RATES PER HUUR
I INDEX
11 WORKING VARIABLE
12 WORKING VARIABLE
ICODE(5C) ARRAY CONTAINING S COUDE
I1 WORKING VARIABLE
1PAGE PAGE NUMBER
ITOTAL TOTAL NUMBER OF PAGES
J INDEX
JJ INDEX
K INDEX
L INDEX
LC(8) ELEMENT CODE (EXPANDED)
LCODE(4) ELEMENT CODE (COMPRESSED)
LD(3) DATE OF RUN
LE(S) ELEMENT NAME
LM(23) SYSTEM MODE NAME
LN(23) SYSTEM NAME
LS(8) SYSTEM CODE
™ INDEX
N INDEX
NAME (8) ELEMENT ~MODE NAWME
NEL NUMBER OF ELEMENTS IN SYSTEM
NST(50) ENTRIES OF THL SYSTEwM DEFINITION ARRAY
NT NUMBER OF TRANSITION TIMES
TT(25) TRANSITION TIMES
X FAILURE RATE PER MILLION HOUURS
YY (&) WORK ING ARRAY

SUBROUTINE RAPO14 (IPAGEtITUTAL'LSqLNoLOtLM-NELoNSTOICUDE'FLAMU'TT

1oNT)

DIMENSION NST(S0) ¢« NAME(8) s LCODE(4) « ICOUE(S0) +FLAMB(S0) o« TT(22)s.5(8

1) sLN(23)LD(3) sLM(23)+FK(25)eLE(D)YLC(8)

DIMENSION YY(6)
100 FORMAT (1H1 « 3X+BHRAPIL =Ml e 10X e3oH¥ PRUDADILISTIC SYSTeM MOLE ANALY
1001S51S #4OXs4HPAGE ¢ I1303H OF 91 /71H o3XeS3ALl 06X e 3AZe0H VATE s lcelHA/ 0]l 2
10021H/ 61271 s 1 7Xe23A2/1H 43X e 74H— =¥ ——FomHowft—cfte—Fowfmmdt = mdom— oo i
1003 —=¥—mdt——F o H e —— i m— K ——FmmF =K==/ H 430X e 20HELEMENT LDESCRIP
1004TION/1H ¢ 35X BHELEMENT=92A1/1H +30Xe5A2+2Xe8A1/71H )
101 FORMAT (1H +12Xe12418Xs8A2¢14XsFT7e4)
102 FORMAT (1H +12Xe12418Xs8A2¢17Xe3H~~~)
103 FORMAT (1HO/1H +20Xe22HTIME INTERVAL (HOURS) e 10X e 8HK FACTOR/LIH )
104 FORMAT (1H 919Xe10e393H TOE1D0e399XePec)
105 FORMAT (1H )
106 FORMAT (1H o+ 10X e 7HELEMENT 44X e 1 1IHCONDITIUNAL/LIH +8Xell1HMUDE SYMBOL
1061 ¢ 13X e 1 7THELEMENT MOUODE NAME s 12X e 1 IHPRUSABICITY/IHOs 13X e 1HO 129X ¢ SH==—
1062 ¢23X ¢3H===-)
107 FORMATI(IH +18Xe3cHFAILURE RATE PLR WILLION HOURS =sFl26H/1H )
108 FCRMAT (1H1)

DO 6 I=1eNEL

J=1500+1

IPAGE=IPAGE+]

FETCH (J) (LE(K)sK=145)

J=1550+1

FETCH (J) (LCODE(K) ¢+K=14+4)

Figure B-73. RAPO014 Subprogram, Program Listing (1 of 2)
B-205
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11

12
13

14

15

16

17
18

DO 7 J=ls4
Jd=2%J-1
LL=LCODE(J)/100
LC(JJ)=LL*100
LC(JI+1)=(LCODE(J)~-LL(JJ))I*100
K=8

DO 10 J=1+7

IF (LC(K))>1048¢10
L=K .

DO 9 JUd=J+7
LC(Ly=LC(L-1)
L=L-1

K=K+1

LC(L)=0

K=K=1

11=1,/10
11=7000+100%11
I1=1-10%11
12=7000+100%11
K=1CODE(I)

PRINT 1UCe IPAGE s ITOTAL LS ILNsLDolLMe]lol2eLolC

GO TO (12411412) K
X=FLAMB(1)¥1000000,
PRINT 1074+X

GO TO 13

PRINT 105

PRINT 106

N=NST(1)

DO 18 J=1 N
L=490+10%1+J

FETCH(L) (NAME(M) M=148)
GO TO(17e14417) K
M=JU=3%((J-1)/3)

GO TO(19916+16) M
L=4g*[=-3+(J+2)/3
FETCHI(L) (YY(M)eM=146)
M=2% (J=3*((J=-1)/3))~1
C=YY (M)

PRINT 101+JeNAMELC

GO TO 18

PRINT 1024JsNAME

CONT INVE

GO TO (64446) 9K

PRINT 103

N=NT-1

L=S*[+1996

FETCH (L)Y(FK(M) eM=14sN)
DO 5 J=1«N

PRINT 104«TT(J) s TT(J+1)FK(J)
CONT INUE

PRINT 108

RETURN

END

Figure B-73. RAPO014 Subprogram, Program Listing (2 of 2)
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RAP0O1S - - - COMBINE SMAt'Sg

SUBROUTINE L INKAGE

D % % %k %k %

DS %4101

DC 64987898 45-S

DAC 64RAPO1IS e 7-5S
DVLC22~5¢5¢LAST 12181214 ¢5+RAP015-615+043040

DSC 1740
NORGS~-100 ]
NR DSA O
18UILDDSA O
DC 1o
*
* PROGRAM CONSTANTSe VARIABLESs AND ARRAYS
¥*
¥* 1 INDEX
* IBUILD NUMDER OF ROWS IN COMoLINED SMA
#* NR NUMBER OF ROWS IN CURRENT SMA
*
1 DC 340
D1 DDA 914001 s WORK
IN DD sDlessA
D2 DDA +140¢1]1 +WORK

ouT DD D20 A
WORK DSS 101
3
* TRANSFER OF ARGUMENTS
*
DC Se0
RAPOI1STFM TF+6 «NR=-4
AM  TF+64+4410
AM  RAPOIS5-14¢5410
TF CF+11+.RAP0O15-1,411
BNF #+36«CF+11

CF CF CF+11
TF CF+11eCF+11411
TF TF NRW«CF+11

AM  TF+641410 ]
BNR RAPO1S5+12¢TF+6411
AM RAPO15-141410

¥

START OF SUBROUTINE

TFM D1+5410100

TFM Je1e9

TFM D2+5410200

A D2+5¢IBUILDs11
LOOP GET IN 1

PUT OUT
AM  [BUILD+14610
C IeNRos 11l

BE RARPO1IS-14+e6 1
AM 141410 :
AM  D145¢1410
AM  D2+5¢110
B7 LOOP

LAST OC 2
DENDRAPOL1S

Figure B-75. RAPO15 Subprogram, Program Listing
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ENTRY

CBUILD«—10200
CBUIL.D « CBUILD

ROWe—1

+IBUILD

WRITE
RECORD J READ
10199+ COUNT
COUNT
Jea=J+19 COUNT=IBUILD > NO —¥

COUNTw
COUNT+1

YES
L

EAD SECTOR
10199+ ROW
COMBINED
SMA ROW

DETERMINE
ORDER
FOR SUBMODE
ROW

ot

ROWe-ROW+1

C1<BINARY \ / /
EQUIVAL ENT OF READ

(O FOR A

SAVES SUBMODE SECTOR SAVES
BLANK, SMA SUBMODE
\1 FOR ENTRY)

SMA

/ READ /

SECTOR SAVET

C2e-BINARY
EQUIVALENT OF
SAVET SUBMODE
(O FOR A BLANK
1 FOR ENTRY)

SUBMODE

NROWe—IBUILD

WRITE
SECTOR 10000
NUMOR (1)......
NUMOR(50)

Figure B-176.

RETURN

N

»

S

IeI+1 I<0
COUNT=1 Je0
NO
SAVET <0
YES—{ SAVES+-10200 I<I+
<0
/ WRIT /
SEcToR Saves YES CANY SO ODE S ] T | CouUNT= ©
BLANK UBMODE S et | V COunT= 0
SMA SUBMODE OF OROE
NO
EXCHANGE T T +14
SUBMODE SAVES
C1<C2>YES WITH SUBMODE e
SAVET

COUNT «—COUNT+1
UBMODES OF [¢—YES
MoDES SAVES «—SAVES +1
I
NO
ARGUMENTS
INPUT OUTPUT
IBUILD | NROW
NEL
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RAPG17 - = — REARRANGE COMUBINED SYSTeM MODE ARRAY

SUBROUTINE L INKAGE

N *x % * % %

DS o *¥+101

DC 6+987898¢5-5

DAC 6+RAPO1747-S
DVLC22-5¢5+LASTe2+8¢2¢4¢9+RAP017=6¢230+300
DSC 174040

DORGS~100

IBUILDDSA O

NEL DSA O

NROwW DSA O

DC 140

PROGRAM CONSTANTSs VARIABLESs AND ARRAYS

Ccl FIELD TO CONTAIN BINARY REPRESENTATION
ce . FIELD TO CONTAIN BINARY REPRESENTATIOUN
COUNT COUNTER

1 INDEX

IBUITLD NUMBER OF ROWS IN COMBINED SMA

J INDEX

NEL NUMBER OF ELEMENTS I[N SYSTEM

NROW NUMBER OF ROWS IN SYSTEM MODE ARRAY

NUMOR (50) ARRAY CONTIANING NUMBCZR OF SUsMODLES OF cACH ORDER
ORDER (900) ARRAY COUNTAINING THt uUrDER OF EACH ROW IN THE
COMBINED SYSTEM MODE ARRAY

O % % % % % % % % % % * % % * % * % *k * X

SAVE WORK AREA
SAVES SECTOR ADDRESS VARIAbLLE
SAVET SECTOR ADDRESS VARIABLE
WORK . WORK AREA
ZERO CONSTANT TO INITIALIZE WORK AREA
1 DDA 4141020041 +WORK
DC 1
DSMA DD sDlessA
De DDA +54041 s WORK
DC 1!
DWCRK DD eD2ee A
D3 DDA +1+41000041+NUMOR~-1
DC 14
DORDERDD +D34e A
DS 1

WORK DSS 100
COUNT DS 4
ORDER DC 240

DS 1798
NUMOR DC 240
pDs 98
I DS 4

SAVET DSA O
SAVES DSA O

J DS 4

Cc1 DSS S0
DC 1o

cz2 DSSs 50
DC 1o

ZERO DSC 5040

Figure B-77. RAPO17 Subprogram, Program Listing (1 of 4)
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DC 1!
SAVE DSS 100
*
* TRANSFER OF ARGUMENTS
*
DC 540
RAPO17TFM TF+6¢IBUILD-4
AM  TF+6¢4410
AM  RAPO17-14¢5410
TF CF+11+RAP0O17=1411
BNF *+36+CF+11

CF CF CF+11
TF  CF+114CF+11411
TF TF IBUILDCF+11

AM  TF+6+1410
BNR RAPOQ17+12.TF+6411
AM  RAPO17-14¢24¢10
*
* START OF SUBROUTINE
#*
INDEXIBBASBANDA
B8BBSBANDB
TDM OUT+11e044 SET BAND 0 EXIT
B7 BANDO
BANDA TOM OUT+11lel e SET BAND 1 EXIT
B87 BANDO
BANDB TDM QUT+11+¢20 0 SET BAND 2 EXIT
BANDO BS *¥+12¢000 SELECT BAND O NOwW
TFM ¥+18+ZERO
sSF  ZERO
AM  *¥=641410
BNR ¥—24+%-184¢11
TFM #+30+ZERO
A *+18«NEL 11
TD O0Q+ZERO+50
TFM D1+5410200
TFM D2+540
TFM CBUILD+11410200
A CBUILD+11+.IBUILDe11
TFMY REF+6+0RDER
TFM COUNT«0s10
GET DsSMA
TFM LOOP1+11 ¢ WORK
LOOP1 BNF #+204WORK
B7 *+20
AM  COUNT+1410
AM  LOOP1+114+1410
BNR LOOP1 «LOOP1I+11011
REF TF ORDERCOUNT
TFM COUNT+0e10
AM  REF+6¢2410
AM  Di+Se1410
CBUILDCM D1+54.1IBUILD
) BNH LOOP1-36
*
* INITIALIZE NUMOR TO ZEROES
*
TFM COUNTel1s10
TFM %418 NUMOR
INIT TFM NUMOR+0« 10

Figure B-77. RAPO17 Subprogram, Program Listing (2 of 4)
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CM  COUNT 50410
BE *+44
AM  COUNT4.1410
AM  INIT+642410
B7 INIT

* COUNT THE ORDERS

TFM LOOP2+18+0RDER

TFM COUNT+0.8
LOOP2 AM COUNT.1410

MM  ORDER+2+10

SF 95

AM 99 ¢NUMOR=-2

TF  *#+18499

AM  NUMOR+1410

AM  LOOP24+418,2410

C COUNT,IBUILDs11

BE #+20
B7 LOOPZ
. ;
* REARRANGEL SMA BY ORDLER (LOWEST ORDER FIRST)

TFM D1+5+10200

TFM L4+6+0ORDER

TFM 141410

TFM COUNT 148
La C ORDER I

BE LS

AM  L4+6+42410

C COUNT+IBUILD 1

BE L3

AM  COUNTs1.10

AM D1+5¢1410

B7 L4
LS GET DSMA
PUT DWORK
AM  D2+5+1410
87 L4+24
L3 CcM 1¢50
BE L6
AM 141,410

TFM D1+5410200
TFM L4+6+0RDER
B7 L4-12
L6 TF M REFI+110NUMOR—£
TFM REF1+59¢«NUMOR-2
TFM 140410
TFM SAVET 0
TFM SAVES«10200
AM ITelelO
AM  REF1+11+2410
AM  REF1+459+.2410
Ll TFM COUNTel1e10
TFM Jelsel10
TF D2+S5+SAVET
CM REF1+11404610
BE L7
TR WORK +ZERO

Figure B-77. RAPO017 Subprogram, Program Listing (3 of 4)
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PUT
L2 GET

TR
GET
TR
BNF
TOM
B7
TOM
AM
BNR
MASK  BNF
TDOM
B7
TDOM
AM
BNR
TFEM
TFM
SF
SF
TFM
TEM

BNL
GET
TR
GET
PUT
TR
PUT
AM
AM
REF1 C
BNH
AM
AM
c
BNH
L7 cM
BE
TF
TF
B7
RE TURNTF
PUT
ouT  BS
LAST DC

DSMA

DSMA

C1l ¢+ WORK
DWORK
C24+WORK
*+32+C1
L2+834¢046
#*#+20
LZ2+83¢146
L2+83¢1410
L2+72.L2+83411
*¥+32.C2
MASK+11+4046
*4+20
MASK+11e¢1 46
MASK+11+1410
MASK e MASK+11411
L2+83.C1
MASK+114C2
Cl1

cea

*¥+544Cl1~-1
*¥+474C2-1
*+30eNEL¢11
*¥+23+NEL 11
CleC2
REF1~-24

DsSMA
SAVE +« WORK
DWORK

DSMA
WORK s SAVE
DWORK

JelelO
D24+5+1410

J « NUMOR=~2

L2
COUNT1410
D145e1410
COUNT « NUMOR=-2
L1+24
1450410
RETURN
SAVES«D1+5
SAVET «D2+5
L6+60

NROWs IBUILD611
DORDER
RAPO17-1446
1o

DENDRAPO17

Figure B-177.

RAPO17 Subprogram, Program Listing (4 of 4)
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¥*
* RAPO18 -~ - -~ SAVE DATA ON DISK FOR RAPIDZ2
*
* SUBROUTINE L INKAGE
*
S DS W*4+101
DC 649878984+ ~S
DAC 6+RAP0O18B4+7-S
DVLC22=-Se2¢BOTTOMs 240392104 ¢54RAPULIB=6991093000
DSC 174040
DORGS=-1C0
NST NSA O
I1CODE DSA O
NIT DSA O
FLAMB DSA O
LN DSA O
LM DSA O
LS DSA O
LD DSA O
I NT DSA O
NEL DSA O
TT DSA O
i MENT DSA O
1TAB DSA O
IAVAILDSA O
I1PAGE DSA O
' ITOTALDSA O
» NROwW DsSA O
MCODE DSA ©
IBUILDDSA O
MSAVE DSA O
DC I
*
* PROGRAM CONSTANTS. VARIABLESe AND ARRAYS
*
* FLAMB(50) ARRAY CONTAINING FAILURE RATES PER HOUR
* HELP WORK AREA
* 1 INDEX
%* IAVAIL CURRENT AVAILABLE ReCUKD NumMbeR
* 18UILD NUMBER OF ROWS IN COMpINBELD SMA
* [CODE(50) ARRAY CONTAINING S COut
* IPAGE PAGE NUMBER
* 1TAB INDEX TO NEXT ENTRY IN PROBABILITY SUMMARY TABLE
* 1TOTAL TOTAL NUMpER OF PAGES
* LD(3) DATE OF RUN
* LM(23) SYSTEM MODE NAME
* LN(23) SYSTEM NAME
* LS(8) SYSTEM CODE
* MENT , NUMBER OF ENTRIES IN THE SYsTeM COuk TAolLE
¥* MCODE SYSTEM MODE NUMBER
* MSAVE (4) SYSTEM CODE SAVED IN THIS ARRAY
* NEL NUMBER OF ELEMENTS IN SYSTEM
* NIT(25) NUMBER OF INTERMEDIATE TIMeS FOR EACH TRANSITION
* INTERVAL
#* NROW NUMBER OF ROWS IN SYSTem MOLE ARRAY
* NST(50) ENTRIES OF THE SYSTEM DEFINITION ARKRAY
* NT NUMBER OF TRANSITION TIMES
* TT(25) TRANSITION TIMES
*
DISK DDA 414100014040

Figure B-79. RAPO018 Subprogram, Program Listing (1 of 3)
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bC 1o

ouT DD WDISKessA

DS 1
HELP DSS 300
1 DS 3

* k ¥k

DC 5.0

TRANSFER OF ARGUMENTS

RAPO18BTFM TF+64+NST=4

AM TF+644

10

AM  RAPO18-145410
TF CF+11+RAP0O18-1411
ANF #+36+CF+11

CF CF CF+11

TF CF+11+CF+11411

TF TF  NST.CF+
AM  TF+641s
BNR RAPOC18+
AM RAPO18-

11

10
12,TF+6411
141410

* START OF SUBROUTINE

TFM DISK+5.
TF DISK+13
SM DISK+13

10C01
WNST
«3

TFM DISK+8424¢9

PUT OUT

TF DISK+13
SM  DISK+13
TFM DISK+5,
PUT OUT

TF DISK+13
SM  DISK+13
TFM DISK+5
TFM DISK+8.
PUT OUT

TF DISK+13
SM  DISK+13

« ICODE
3
10003

WNIT
«3
100095
149

FLAMB
3

TFM DISK+B4549

TFM DISK+5,
PUT QUT

TF SWITCH+
SM  SWITCH+
TFM 14149

10006

11+LN
1143

TFM *+18+HELP

SWITCHTD HELPLN
cM 19249
BE NEXT

AM  SWITCH+641

AM SWITCH+
AM Iele9
B7 SWITCH
NEXT TFM DISK+13
TFM DISK+5S,
TFM DISK+8,

111

JHELP
10011
149

AM  SWITCH+6.4

TF SWITCH+6«NT 611

AM  SWITCH+64.4

TF SWITCH+64 IPAGE 611

PUT OUT
TFM DISK+5,

TF CLOSE+1
SM  CLOSE+!
TFM CLOSE+6
TFM 1e149

Figure B-T79.

10012
1+0M
1¢3
+HELP

RAPO18 Subprogram, Program Listing (2 of 3)
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CLOSE TL HELPWM
cM 169249
BE EL
AM I1e149
AM  CLOSE+6+s1
AM  CLOSE+1141
B7 CLOSE
EL AM  CLOSE+64+4
TF  CLOSE+6+NEL 611
AM CLOSE+6+4
TF CLOSE+64+1TOTAL 611
PUT OUT
TFM DISK+5410013
TFM DISK+8+34¢9
TF  TIME+11+TT
SM TIME+114+9
TFM TIME+6HELP
TFM 14149
TIME TD HELPTT
c™m 1425049
BE %456
AM  TIME+641
AM  TIME+11l.1
AM 14149
87 TIME
TFM 14149
TF SYMBOL+11,.LS
TF SYMBOL+6+TIME+6
AM  SYMBOL+64+4
SYMBOLTF HELP+L.S
cM 1¢849
BE *+56
AM SYMBOL+6+4
AM  SYMBOL +11+4
AM IeleQ
R7 SYMBOL
TFM 14149
TF DATE+6+SYMBOL+6
TF DATE+11+LD
AM DATE+6+4
DATE TF HELP.LD
CcM [4¢349
BE LAST
AM  DATE+64+4
AM  DATE+114+4
AM Iele9
B7 DATE
LAST AM DATE+6+4
TF DATE+6+NROW+611
PUT OUT
TFM DISK+5410016
TFM DISK+8+¢1 49
TF  HELP+3MENTe11
TF HELP+7+1TABs11
TF HELP+11+1AVAILW11
TF  HELP+15¢MCODE11
TF HELP+19+1IBUILDs11
TF HELP+23+MSAVE.11l
AM MSAVE+4410
TF HELP+27+MSAVE .11l
AM  MSAVE+4410
TF HELP+31,MSAVEs11l
AM  MSAVE 4,410
TF HELP+354+MSAVE L1l
PUT OUT
B7 RAPO18-1446
BOTTOMDC 2+ ¢
DENDRARPO18

Figure B-79.
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RAPG19 - - - RETRIEVE DATA FROM RAPIDI

SUBROUT INE L INKAGE

0 % %k %k %k x

DS W ¥+101

DC 6498789845-5

DAC 64+RAPO19,47-5

DVLC22-S 45 ¢LLAST 42408029 U4149DeRAPU1II=60D 013000
DSC 174040

DORGSE=-100

NST DSA O
1CODE DSA O
NIT DSA O
FLAMB DSA 0O
LN DSA O
LM DSA O
LS DSA O
LD DSA 0
NT DSA O
NEL DSA O
TT DSA O
MENT DSA O
ITAB DNSA O
IAVAILDSA O
1PAGE DSA ©
1ITOTALDSA ©
NROW DSA O
MCCDE DSA O
IRUILDDSA O
NUMOR DSA O
MSAVE DSA 0O
DC 14
¥*
* PROGRAM CONSTANTSs VARIABLESs AND ARRAYS
*
* FLAMB(50) ARRAY CUNTAINING FAILURE RATES PER AUUR
* HELP WORK AREA
* 1 INDEX
* IAVAIL CURRENT AVAILABLE RLCURD NUMBER
* IBUILD NUMBER OF ROWS IN COMUBINED SMA
* ICCDE(50) ARRAY CONTAINING S COLE
* 1PAGE PAGE NUMBER
* ITAB INDEX TuU NEXT ENTRY In PrUSADILITY SuMmARY TAokb
* ITOTAL TOTAL NUMBER OF PAGES
* LD(3) DATE OF RUN
* LM(23) SYSTEM MODE NAME
* LN(23) SYSTEM NAME
* LS(8) SYSTEM CODE
* MENT NUMBER OF ENTRIES IN THE SYS5TeM Cubt TAbLe
%* MCODE SYSTEM MODE NUMBER '
* MSAVE (4) SYSTEM CODE SAVED IN THIS ARRAY
* NE L. NUMBER OF ELEMENTS IN 5YS5TcoM
* NIT(25) NUMBER OF INTERMEUDIATL Timed FOR wACH TRANSITION
* INTERVAL
* NROW ) NUMBER OF ROWS IN SYSTEM MODE ARRAY
* NST(50) ENTRIES OF THE SYSTeMm LEFINITION ARRAY
* NT NUMBER OF TRANSITION TIMES
* TT(25) TRANSITION TIMES
*

Figure B-81. RAPO019 Subprogram, Program Listing (1 of 4)
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DISK DDA 41,100014040

DC 1a?

IN DD sDISKeeeA
DS 1

HELP DSS 300

1 DS 3

TRANSFER OF ARGUMENTS

* X Xk

DC 540
RAPO19TFM TF+6+NST-4
AM TF+6+¢4410
AM  RAPO19=-14¢5410
TF CF+11+RAP0O19-1411
BNF #+36+sCF+11

CF CF CF+11
TF CF+11.CF+11411
TF TF NSTWCF+11

AM  TF+641410
BNR RAPC1G+12+TF+6411
AM  RAP0D19~142410
*
* START OF SUBROUTINE
*
INDEX IBBASBANDA
BBBSBANDB
TOM GOODBY+11e04 s SET BAND O EXIT
B7 BANDO
BANDA TDM GOODBY+1141 s SET BAND 1 EXIT

B87 BANDO
BANDB TDM GOODBY+11lecds e SET BAND 2 EXIT
BANDO BS *+124¢Q040 SELECT BAND O NOW

TFM DISK+54+10001

TF DISK+13+NST

SM DISK+13+3

TFM DISK+84+249

GET IN

TF DISK+1341CODE

SM DISK+13+3

AM  DISK+54+2

GET IN

TF DISK+13«NIT

SM DISK+13,3

AM DISK+542

TFM DISK+8+1¢9

GET IN

TF DISK+13+FLAMB

SM DISK+13.9

TFM DISK+8+¢54¢9

AM  DISK+5.1

GET IN

TFM DISK+13HELP

AM  DISK+54¢5

TFM DISK+84+149

GET IN

TF SWITCH+6.LN

SM SWITCH+6+3

TFM 14109

TFM SWITCH+11HELP
SWITCHTD LN+HELP

Figure B-81. RAPO19 Subprogram, Program Listing (2 of 4)
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cMm [e92.9
B3E NEXT
AM  SWITCH+6.41
AM  SWITCH+11,41
AM Iele49
37 SWITCH
NEXT AM SWITCH+11 44
TF NT«SWITCH+114611
AM DISK+5461
AM  SWITCH+114.4
TF IPAGE +SWITCH+114611
GET IN
TF  CLOSE+6.LM
SM  CLOSE+64+3
TFM CLOSE+11] +HELP
TFM 14149
CLOSE TD LMsHELP
cM 149249
BE EL
AM I1e¢149
AM  CLOSE+641
AM  CLOSE+11,41
87 CLOSE
EL AM  CLOSE+1144
TF  NEL +CLOSE+114611
AM CLOSE+1144
TF ITOTAL +CLOSE+114611
AM  DISK+5,.1
TEM DISK+84349
GET IN
TF IME+6,T
SM TIME+64+9
TEFM TIME+11+HELP
TFM 14149
TIME TL TT«HELP
cM™ 1425049
BE *+56
AM TIME+641
AM TIME+11,41
AM Ieloe9Q
87 TIME
TFM Tsl49
TF  SYMBOL+6+LS
TF SYMBOL+114TIME+11
AM SYMBOL+11 44
SYMBOLTF LS+HELP
c™m 1+849
BE *+56
AM  SYMBOL +64+4
AM  SYMBOL+11.4
AM Ie149
B7 SYMBOL
TFM 14149
TF DATE+11+SYMBOL+11
TF  DATE+6..LD
AM  DATE+11.4
DATE TF LD +HELP
c™M 1e349
BE GONE
AM DATE+64+4

Figure B-81. RAPO019 Subprogram, Program Listing (3 of 4)
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AM  DATE+1144
AM Iele9
B7 DATE
GONE AM  DATE+11e4
TF  NROWWDATE+11.611
TFM DISK+5410016
TFM DISK+84s1¢9
GET IN.
TF MENT +HELP+346
TF ITABWHELP+746
TF IAVAIL +HELP+11 46
TF MCODE s HELP+154¢6
TF IBUILD vHELP+19+6
TF  MSAVE +HELP+2346
AM  MSAVE 4410
TF MSAVE ¢+ HELP+27+¢6
AM  MSAVE4410
TF MSAVE+HELP+31 46
AM  MSAVE4,10
TF MSAVE HELP+3546
TFM DISK+5410000
GET IN
TFM Tel 9
TFM ORDER+11 HELP+1
TF ORDER+6 ¢ NUMOR
TF ORDER+ 18 +NUMOR
SM  ORDER+1842
ORDER TF NUMORHELP+1
TFM NUMOR=-24+04+10
AM  ORDER+1841
CF ORDER+18446
CcM 145049
BE GooDBY
AM  ORDER+6+4
AM  ORDER+11+2
AM  ORDER+18+3
AM Iel149
87 ORDER
GO0ODBYBS RAPGC1I9-1446
LAST DC 1ot
DENDRAPO1Q

Figure B-81. RAPO019 Subprogram, Program Listing (4 of 4)
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RAP0O20 - - =

SUBROUTINE L

0" %k k X %x %k

DS 4101
DC  6£.+98789
DAC 64+RAPOZ

DVLCZ22=Se5LASTe2¢8¢244e¢H1RAP020U-6¢5¢0¢3040

DSC 174040
DORGS-100
MENT DSA O
ITAB DSA O
IAVAILDSA 0O
IBUILDDSA O
MSAVE DSA O
DC 1a

PROGRAM CONS

IAVAIL
IBUILD
ITAY
MENT
MSAVE (4)

SAVE DATA FOR

INKAGE

Be5=5

0e7-5

TANTSe VARIABLES

CURRENT AVAILABLE
NUMoER OF ROWS IN

INDEX TU NLXT eNTRY

NUMBER OF ENTRIES
SYSTEM CODE SAVED

RAPIDI1

AND ARRAYS

RECORD NUMBER
COMUBINED SMA

IN THE SYSTEM
IN THIS ARRAY

WORK

* X X %k >k k % kx X% X

DSS

D1 DDA
nc

DISK DD

* TRANS

DC
RAPO20TFM
AM
AM
TF
BNF
CF cF
TF
TF TF
AM
BNR
AM

* START

TF
TF
TF
TF
TF
AM
TF
AM
TF
AM
TF
PUT
B7

LAST DC

WORK AREA

100
2141001641 s WORK
1e°

'D1l1eesA

FER OF ARGUMENTS

540

TF+6+MENT =4
TF+6+4410
RAPO20=1454+10
CF+11+RAP0O20O=1411
*¥+364+CF+11

CF+11
CF+11eCF+11411
MENT+CF+11
TF+641410
RAPO20O+124+TF+64 11
RAPO20-142410

OF SUBROUTINE

WORK+3 +MENTW11
WORK+7+1TAB«11
WORK+11sI1AVAILW11
WORK+1941BUILDs11
WORK+23 MSAVE .11
MSAVE 14410
WORK+27+MSAVE s 11
MSAVE «4410
WORK+31+MSAVEL11
MSAVE +44+10
WORK+35+MSAVE 11
DI1SK

RAPQ2VU~1446

2s Y

DENDRAP 020

Fi

gure B-83.
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IN PROLAODILITY SUmMMARY TAcLte

CULE TAbLLE

RAP020 Subprogram, Program Listing
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RAPO21 - = - RETRIEVE DATA FROM RAPIDZ2 OR RAPO2Z

SUBROUT INE L INKAGE

ok ok Kk Kk %

DS ¥+ 101

nC 64987898 ¢5-5
DAC 6+RAP0O21+7-5
DVLC22=-Se5+LAST+2¢0842¢04+54RAPUVZ1I=6951003040
DSC 174GsC
DORGS~-1C0O

MENT DSA O

1TAB DSA N

IAVAILDSA O

IBUILDDSA ©

MSAVE DSA O

DC 1ot
*
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SUMMARY

This appendix outlines the framework required to formulate
a system economics model. Available cost data are usedto
generate cost functions which express element cost as a
function of operational parameters such as reliability and
performance. The Economics Simulator formulates the
economics model for the system by summing the individual
element cost functions.



INTRODUCTION

The PRESTO concept has been advanced as a means for enhancing
trade-off studies in the selection and design of modern complex sys-
tems. Economics simulation plays an important role in this area,
since system cost has a strong influence on the trade-off decisions.

An economics model is required to express the system cost as a func-
tion of operational parameters of the elements in the system, The
simulation method described here uses available cost data in the gen-
eration of element cost functions which are used to construct the
economics model of the system,

The basic approach is illustrated by the logic diagram presented in
Figure C-1,

AVAILABLE

DATA REGRESSION
ANALYSIS
ELEMENT
ELEMENT COST
FUNCTIONS DESCRIPTOR
LIBRARY
A
INPUT
DESCRIPTION WESTERVELT
OF q SIMULATOR
SYSTEM

ECONOMICS
MODEL

Figure C-1. System Economics Simulation Logic Diagram
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ELEMENT COST FUNCTION

In order to obtain an element cost function, a definition of the element
parameters related to cost is required. While many areas affect ele-
ment cost, this discussion is limited to the following: (1) the element
reliability, which is normally described by the element failure rate
parameter, and (2) the element performance, involving those para-
meters which describe how well the element accomplishes its objectives
in the system.

Table C-I illustrates the type of information required to generate the
desired element cost function for a gyro. The gyro cost is associated
with various levels of failure rate and typical performance parameters
including bias drift, random drift, mass unbalance, and anisoelasticity.

It is evident from Table C-I that the combination of parameters asso-
ciated with a given cost is not unique. As the number of parameters
(independent variables) increases, the number of combinations yielding
a specific cost (dependent variable) grows rapidly.

The problem of generating element cost functions is, therefore, a multi-
dimensicnal one which requires techniques capable of investigating the
interactions among the mdependent variables. Analysis using regres-
sion techniques may be performed on relatively large quantities of
available data of the type shown in Table C-I, and a functional relation-
ship for cost in terms of the independent parameters can be established.
This relationship will be a mathematical expression involving the signi-
ficant element parameters and their interactions. As such, these
functions cannot be plotted in a two-axis graph except in a qualitative
sense which relates a single lumped variable called "performance' to
the element cost. Figure C-2 attempts to express this relationship.

The functions resulting from the regression analysis should, prior to
their application to a system economics simulation, be analyzed to
ascertain reasonable correlation with reality.

COST

PERFORMANCE

Figure C-2. Cost Vs. Performance Curve
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SYSTEM ECONOMICS MODEL

A suggested procedure for the generation of the system economics
model utilizes the Westervelt Simulator (Appendix A). This simu-
lator has the intended capability of generating a digital computer
program which will explicitly relate the total cost of the system to
element reliability and performance parameters through summation
of the element cost functions,

In order to implement the Westervelt Simulator as an economics sim-
ulator, the system must be.defined with its attachments. An example
of a three-element system is shown in Figure C-3. This definition is
consistent with the conventions delineated in Appendix A, with the one
addition that a system element called cost is attached to all other ele-
ments in the system.

Each Element Description must contain a Statement Collection defining
the element cost function., The Element Description for ¢ost contains
one Statement Collection defining the system cost as the sum of the
cost functions of the attached elements.

©
®

EL 3

G 2CG,

O
H
1O

Figure C-3. Economics Simulation Format
of Three-Element System
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4 EXAMPLE

An example is presented to illustrate the manner in which the Wester-
velt Simulator might be used to generate the economics model for the
system shown in Figure C-4. The required inputs are shown as they
would appear for the simulator, but since the simulator is not com-
pletely functional, no output is available.

The system diagram in economics simulator format appears in Figure
C-5.

4,1 SOURCE PROGRAM

Adource program (Figure C-6) which includes the following in-
formation, is required as input to the economics simulator,

System Description (Connection Statements)
Input Parameters

Desired Results

New Element Tape

Instructions for preparing the above information for the simulator are
given in Appendix G.

RES. |

BATT.
RES. 2

Figure C-4. Example System




BATT. RES,2

Figure C-5. Example System in Economics
Simulator Format

CONNECT IONS.
BATT(1)+eTOWRESH1(2)
RES+«1(1)eTOWRES2(2)
RES+2(1)«TOsBATT(2)
COST(E«A) s TOWBATTI(E)
COST(E+B)«TOWRES1(E)
COST(EW«C)sTOWRES+2(E)

INPUT PARAMETERS.

RIND(BATT(E)Y) = [Pl
RIND(RESW1(E)Y) = IP2
RIND(RESs+2(E)) = IP3

DESIRED RESULTS.
TCOST(COST(E))
NEW ELEMENT TAPE.
% COMPILE MADWPRINT OBJECT +PUNCH OBJECT
R ECONOMICS SIMULATION
R MUST READ THE RELIABILITY INDICES AS INPUT DATA
START READ AND PRINT DATA
- CONTINUE
R FIRST PART OF CALCULATIONS GOLS HERE
T*O0 BEGIN
- BACK CONTINUE
R SECOND PART OF CALCULATIONS GOES HERE

DR1

P*sS DRI1
T'O START
- BEGIN CONTINUE
T*O BACK
+ E'M
CALCULATIONS.
- CONT INUE
+ CONTINUE

Figure C-6. Example System Source Program
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4,2 ELEMENT DESCRIPTOR LIBRARY ‘

The Element Descriptor Library (Figure C-7) contains Statement
Collections for the economics simulation of the example system. These
Statement Collections are, in fact, the postulated element cost functions.

FLEMENT DESCRIPTION
NAME OF ELEMENT = COST
ATTACHMENT NAMES = E
BROADSCORPE PARAMETERS = TCOST
STATEMENT COLLECTIONG
COST(E +A) ¢« THENLTCOST (E)
SUM=0e
SUM=SUM+BPCOST(E+A)d
®@TCOST(E)®=SUM
DESCRIPTION FINISHED
FLEMENT DESCRIPTICNG
NAME OF ELEMENT = RES
ATTACHMENT NAMES = 142¢E
BROADSCORPE PARAMETERS = VOLTS.TCUST
STATEMENT COLLECTIONa
RIND(I)=THEN+COST (E)
@COST(EHIB=A/BRIND (L) B+
DESCRIPTION FINISHED
FLEMENT DESCRIPTIONG
NAME OF ELEMENT = BATT
ATTACHMENT NAMES = | 424E
BROADSCOPE PARAMETERS = VUOLTS«TCOST
STATEMENT COLLECTIONG
RIND(E) + THEN+COST (&)
@COST(E)®=C/BRIND(E)®+D
DESCRIPTION FINISHED

Figure C-7. Example System Element Descriptions
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CONCLUSIONS AND RECOMMENDATIONS

The core of the economics simulation problem lies in the generation
of the element cost functions. The approach taken is to establish
these functional relationships from available cost data through re-
gression analyses. A major difficulty is the acquisition of a suffi-
cient amount of valid cost data linking cost, reliability and perform-
ance.

Although the Westervelt Simulator may be legitimately applied to the
system economics problem, it should not be considered to be the most
efficient manner of solution. It is, therefore, recommended that
further study be made in an effort to determine if other more desirable
economics simulation procedures can be developed.
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INTRODUCTION

1.1 OBJECTIVE

The objective of the launch vehicle study has been to provide a
library of information and data that describes a hardware system. The
library is required as an input to PRESTO*.

1.2 SCOPE

The scope of the study has been to supply information and data
to a depth necessary to show application of PRESTO, The optimiza-
tion of the vehicle operating as a system was based upon the analysis
of performance, reliability, and economics. The study included the
definition and description of a space launch vehicle, its mission ob-
jectives, and the preparation of functional characteristics of the ele-
ments that make up the system. Reliability estimates were prepared
for each of the system elements. Costs were developed for the sys-
tem, where cost was a function of specified performance and reliabil-
ity.

As the material generated in this study was considered to be excessive
for inclusion in the Final Report, only that matter which contributes to
the basic understanding of the relationship between the system and the
PRESTO concept is contained in this Appendix.

1.3 METHODOLOGY

The organization of material for systems analysis by means of
the digital computer must be carefully disciplined and structured. The
term "system" emphasizes that an over-all operational process is
under consideration rather than a collection of pieces. Most systems
defy easy comprehension by virture of inherent detail.

For large scale launch vehicles, a comprehensive description of the
"over-all operational process' is quite complex. To avoid many bur-
densome and repetitious words, and to perceptually convey the method
used to organize the material for the study, a ""Construct of Vehicle
Study" was prepared as shown in Figure D-1. This "construct' or
concept provides insight into the heirarchy of the intersects of data
and ideas which permit system analysis.

*Performance, Reliability, and Economic Simulation
Techniques for Optimization
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By entering the cube of Figure D-1 at the word "Assemblies, " and ‘
moving downward, each assembly will have a description, an identity,
a set of allowed parameters, statements relating the parameters, and
associated numeric data. In a like manner, progressing left-to-right
in the cube, each assembly is related to the mission, each assembly
has a function, and descriptions must exist for initial, dynamic, and
terminal conditions. For any given item on the three planes, mobility
is available to the other two planes to define intersects. Each inter-
sect represents the conceptual "location' and type of data that is used
in the study. The amount of data applicable to any given intersect is

a function of the items and their relation to the overall mission.

This general approach to system description is deceptively simple.
However, these items must be identified, since even the least detailed
description usually proceeds by iteration. Each item is described
roughly and then, subsequently, in increasing detail.




LAUNCH VEHICLE

In the demonstration of the optimization of a launch vehicle, it was
deemed desirable to describe a system based upon an actual vehicle
configuration. The selection of the vehicle upon which the study ve-
hicle definition was to be fashioned was determined by the following
factors:

e The vehicle system was to be representative of one that
might be employed for many future missions.

e The vehicle system should provide a magnitude of com-
plexity sufficient to demonstrate effectively the utility of
the PRESTO concept.

e There should exist a considerable amount of readily
available, unclassified information in the areas of sys-
tem performance, reliability, and cost.

The stable of NASA vehicles was reviewed for candidate vehicles.

The vehicle which most nearly met the desired criteria was the Atlas/
Agena/Ranger configuration. Though a problem was posed by this
choice of vehicle in the area of security ciassification, it was over-
come by postulating data where security reasons so dictated. This
resulted in an analysis which was somewhat removed from reality,
but which in no way compromises the demonstration of the utility of
the PRESTO methodology.

2.1 VEHICLE DEFINITION

The resultant Study Launch Vehicle System (SLVS) is a two and
one-half stage, liquid-fueled missile, with a spacecraft payload sec-
tion.

The SLVS first stage is identified as a BOGY vehicle, and is patterned
after the Atlas LV-3 vehicle. The BOGY may be briefly described as
a fixed thrust, liquid propellant, one and one-half stage vehicle em-

ploying:
e Two 150,000-1b thrust booster engines

e One 60,000-1b thrust sustainer engine



e Two 1,000-1b thrust vernier engines
e An on-board programmer for roll and pitch control

e A radio-inertial guidance system with an associated ground
computer to generate steering, engine cut-off, and other
discrete commands

The SLVS second stage is identified as a RAM vehicle; it has some

characteristics similar to those of an Agena vehicle. The RAM is
described as a fixed thrust, liquid propellant, one-stage vehicle em-

ploying:
e One 15,000-1b thrust engine
e Ullage rockets
e An adapter section with booster retro-rockets

e An "all-inertial" guidance system to sense and command
vehicle performance

An outboard profile and general characteristics of the composite SLVS
vehicle are shown in Figure D-2.
2.2 SLVS SUBSYSTEM DEFINITION

The SLVS is defined as containing seventeen prime subsys-
tems. Of these seventeen subsystems, thirteen are BOGY subsystems

and four and RAM subsytems, grouped as follows:

BOGY FIRST STAGE

Booster Propulsion
Booster Pneumatics
Booster Hydraulics
Booster Airframe
Booster Separation
Sustainer Propulsion
Sustainer Hydraulics
Sustainer Airframe
Sustainer Pneumatics
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[
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i

PAYLOAD
SECTION

RAM

}ADAPTER

BOGY

STAGE
/ST stage-LOX/RP-/(BOGY)
2NDstage-IRNFA /UDMH (RAM)

MISSION CAPABILITY
300n.miorbit- 800 /bs
Lunar orbit - 80 /bs
Planitary probe- 50 lbs

USE
Lunar probes

Communications satellites
Scientific satellites

LAUNCH RATE CAPABILITY
/10 /yr/pad

Figure D-2. Profile of Composite Vehicle



Propellant Utilization
Electrical

Guidance

Flight Control

RAM SECOND STAGE

Airframe

Propulsion
Electrical

Guidance and Control

A diagram of the relationship of the launch vehicle subsystems
appears in Figure D-3.

2.2.1 Subsystem Functional Description

Booster Propulsion

The Booster Propulsion Subsystem consists of the two
booster engines and lower order equipment necessary

to the operation of these engines. Each booster is a
bi-propellant, liquid, fixed thrust, gimballed engine
consisting of a tubular wall, fuel regeneratively cooled,
hypergol-ignited thrust chamber supplied with missile
tank-stored propellants by a hot gas generator-driven
turbopump. Each engine is ground started by electri-
cally firing a short duration solid propellant gas gen-
erator which accelerates the turbopump speed to boot-
strap level and causes the fuel-actuated main propellant
valves to open in accordance with a fuel pressure ladder
sequence. Engine shutdown occurs at a guidance com-
mand to a solenoid-operated set of propellant valves.
Fuel-rich shutdown is accomplished by having the oxi-
dizer valve close slightly prior to the closing of the fuel
valve. Booster No. 1 powers the booster hydraulic pump
which supplies hydraulic power for gimballing the booster
engines.

Booster Pneumatics

The main function of the Booster Pneumatics Subsystem
is to provide the required pressurization of the propel-
lant tanks during the boost phase of flight. The airborne
pressurization subsystem comprises two subsystems,

one for main propellant tank pressurization and one for
pressurization and purges in the propulsion subsystem,
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Gas for tank pressurization during booster stage is sup-
plied from six spherical containers located in the engine
compartment and attached to the jettisonable thrust barrel.
Connections between ground and missileborne equipment
are made through mechanical disconnect valves which seal
pressure in the missile after riseoff. A shutoff valve holds
gas in the containers until the airborne subsystem is acti-
vated to allow maximum use of gas from ground facilities.

Booster Hydraulics

This subsystem actuates the cylinders which control gim-
bals for pitch, roll, and yaw control of the vehicle during
the boost phase of the flight. Hydraulic pumps driven
from accessory drives of the engine turbopumps provide
hydraulic pressure to the actuating cylinders. Also in-
cluded in the Booster Hydraulics Subsystem are suitable
manifolds, accumulators, tanks, and minor valves.
Actuating commands are received from the Flight Con-
trol Subsystem and are translated from electrical to
hydraulic commands by servo control valves mounted on
the booster actuators.

Booster Airframe

This structure consists of a thrust barrel, a shield, and
a fairing installation. It forms a compartment to house
the Propulsion Subsystem and its associated equipment.

Booster Separation

This subsystem contains the components necessary to
jettison the booster section at staging. It consists of
separation fittings, a distribution manifold, a helium
supply, supply lines, and separation explosive valves.

At staging, an electrical signal is provided by the auto-
pilot programmer which closes a circuit to the separation
valves and causes a detonator to break a diaphram which
will release high pressure helium gas to flow through the
manifold to the separation fittings. This helium pressure
then opens the latches by shearing pins. This allows the
booster section to separate from the vehicle tank section
by slipping aft along jettison tracks.
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Sustainer Propulsion

The Sustainer Propulsion Subsystem consists of the sus-
tainer engine, the vernier engines, and supporting equip-
ment. The sustainer engine is a gimbal-mounted unit
installed on the thrust cone of the fuel tank. The assembly
is similar to a booster engine except for the following
principal deviations:

(1) During sustainer burn the sustainer engine turbopump
supplies propellants to the vernier engines and gas
generator as well as to the sustainer thrust chamber.

(2) The sustainer engine thrust chamber is smaller than
those of the boosters.

Propellants for the vernier engines are supplied by the
vernier solo tanks during starting and solo operation, and
are supplied from the sustainer turbopump during main-
stage operation.

Sustainer Hydraulics

This subsystem actuates gimbal cylinders for the sustainer
and vernier thrust chambers to provide pitch, roll, and yaw
control of the vehicle during sustainer/vernier burn. Hy-
draulic pumps driven from accessory drives of the engine
turbopump provide hydraulic pressure to the actuating
cylinders. Also included in the Sustainer Hydraulics Sub-
system are suitable manifolds, accumulators, tanks, and
minor valves. Control orders are received from the Flight
Control Subsystem and are translated from electrical to
hydraulic commands by servo control valves mounted on
each engine actuator.

Sustainer Airframe

The propellant tank is the primary structure of the Sustainer
Airframe Subsystem. The sustainer engine, with associated
equipment, is gimbal-mounted to the sustainer thrust cone
which is the aft end of the Sustainer Airframe. The vernier
engine thrust chambers are gimbal-mounted on opposite
sides of the Sustainer Airframe near the aft end of the
structure.
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Sustainer Pneumatics

Fuel tank pressure is allowed to decay during sustainer stage
and no gas supply is required. Vapor pressure adequately
maintains tank pressure in the liquid oxygen tank after booster
separation. Connections between the booster and sustainer
subsystems are made through mechanical disconnect valves
which seal gas in the sustainer section at staging.

Pressurization for the vernier engines during vernier solo
stage is supplied by gas from a spherical container located
in the engine compartment and attached to the nonjettisonable
rails on the aft end of the fuel tank.

Propellant Utilization

The Propellant Utilization Subsystem senses the mass of
propellants remaining in the missile tanks, and adjusts the
rate of fuel flow by repositioning the propellant valves to
maintain a proper mass ratio of residual propellants.

Electrical

The Electrical Subsystem provides electrical energy for all
BOGY subsystems. The prime elements of the electrical
subsystem are the 28 VDC battery, and the 115 VAC, 400
cycle inverter which is driven by the battery.

Guidance

The Radio Inertial Guidance Subsystem determines the
position and velocity of the vehicle and, on the basis of
the trajectory objectives, commands the flight corrections
necessary to fulfill these objectives. A ground-based
monopulse tracking radar transmits composite bursts
which contain identity information, interrogates an
airborne position transponder, and commands discrete
functions and attitude changes. A ground-based doppler
transmitter interrogates an airborne rate transponder,
the output of which is received by the ground receivers.
Velocity is determined by the doppler shift of the ground-
received signals. Position and velocity information flow
to data extraction and processing circuitry in the ground
computer, where commands are generated to accomplish
trajectory objectives.
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Flight Control

The vehicle Flight Control Subsystem consists of a pro-
grammer, gyro package, servo amplifier/filter package,
excitation transformer, and cabling subsystems. The
integrated output of these subsystems steers and stabilizes
the vehicle in performance of the mission objective.

The programmer is basically a timing device which contains
the switches and controls that are necessary to properly
sequence the vehicle's control functions. The programmer
performs two primary functions:

(1) It implements the initial roll and pitch programs
and initiates the staging command, and

(2) Times the issuance of programmed commands to
the autopilot subsystem.

The displacement gyros generate error signals for each of
the pitch, yaw, and roll channels. A given error signal is
proportional to the integrated difference between the rate
commands received from the programmer or Guidance
Subsystem and the integrated body rate detected by the
rate gyros.

Servo amplifiers control the position of the hydraulic actu-
ators by comparing the commanded and actual engine posi-
tions. The filters serve to minimize the effect of undesirable
body frequencies in the command signal.

The rate gyros are installed physically, in a separate package
to minimize sensitivity to local bending modes. Body angle
rates in pitch, yaw, and roll are sensed by the rate gyros

and fed to the gyro signal amplifier to provide adequate

rate damping of the command signals.

The excitation transformer provides a 400 cps reference
voltage for excitation of the feedback transducers, and
provides a voltage for vernier bias signals after staging.

Cabling consists of the inter-subsystem electrical and
signal cabling and associated connectors and plugs.
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RAM Airframe

This subsystem acts as the support structure and container
for all the second stage subsystems., Items included are the
equipment mountings, tankage, fairings, shields, and the
upper-stage adapter section.

RAM Propulsion

The RAM propulsion subsystem consists of a single main
liquid-fueled thrust chamber, and the associated propellant
system. The engine is gimbal mounted for thrust vector
control. A propellant control system meters the proper
flow of propellants; proper flow is enhanced by a propellant
pressurization system. Second-stage ullage rockets and
the booster retro-rockets are considered part of the Pro-
pulsion Subsystem.,

RAM Electrical

All second stage electrical power and power distribution
items are included in the Electrical Subsystem. Included
are primary and secondary batteries, power supplies,
power control circuits, junction boxes, and cabling.

RAM Guidance and Control

The RAM Guidance and Control (G and C) subsystem pro-
vides the attitude control system for the second stage
stabilization and steering. Active attitude control of the
second stage is inhibited until after separation from the
BOGY. During coast periods, stabilization is maintained
by a pneumatic attitude control system; during powered
flight of the second stage, stabilization and steering is
maintained by a hydraulic attitude control system. Com-
mands for attitude control and engine control are generated
within program sequence timers, an on-board guidance
computer, a horizon sensor package, and "flight-control
electronics. "

MISSION

The primary mission objective for the SLVS is to inject an 80-
pound payload into the proper lunar intercept trajectory.
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2.3.1 BOGY Booster Objective

The primary mission of the BOGY booster is to place the
RAM/spacecraft at the proper attitude and at a predetermined position
and velocity in space as defined by the appropriate guidance equations.

2.3.2 RAM Objective

The RAM second stage mission objective is to inject the
spacecraft into the prescribed lunar transfer orbit, which is deter-
mined by vehicle velocity and position at RAM thrust termination.

2.4 FLIGHT PLAN

After completion of the countdown, the engine ignition sequence
is initiated. The BOGY booster, sustainer, and vernier engines are
ignited. When mainstage engine thrust buildup is complete, the
launcher release sequence is automatically initiated, and the vehicle
rises through a short controlled-release period. As the vehicle lifts
from the pad, the umbilical connections are separated by pneumatic
and electrical forces and lanyard pull-away. After release, and con-
tinuing through BOGY retro-rocket ignition, all BOGY sequences are
controlled by the flight programmer. Discrete commands are pro-
vided by a radio guidance system to control certain primary functions;
the steering and discrete commands flow to the flight programmer,
and thence to the points of control.

The composite vehicle will lift off with azimuth of 105 degrees true
and ascends vertically for the first 15 seconds of flight. After two
seconds of vertical motion, a programmed roll maneuver aligns the
vehicle with the required trajectory azimuth, which is established by
the date and time of launch. At the end of 15 seconds, the roll pro-
gram is terminated and a programmed pitch maneuver is initiated
and will continue until BOGY staging. BOGY staging is actuated by
the flight programmer at approximately 126 seconds; the command is
executed in response to a radio guidance discrete at approximately
136 seconds. The autopilot programmer will then command booster
engine cutoff (BECO) and booster thrust section jettison.

The vehicle will continue under BOGY-powered flight through sustainer
engine cutoff and up to BOGY vernier engine cutoff. Sustainer engine
cutoff is actuated by the flight programmer at booster engine cutoff
plus 60 seconds, and the radio guidance discrete command will be re-
ceived at approximately 264 seconds when the attitude, velocity, and
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position criteria programmed in the ground guidance computer are
satisfied. Between sustainer engine cutoff (SECO) and vernier engine
cutoff (VECO) (a period of approximately 16 seconds), stability and
attitude of the vehicle will be controlled by the thrust from the vernier
engines.

Following sustainer engine cutoff, but prior to VECO, at approxi-
mately 270 seconds, the RAM program timer will be started by a
radio guidance discrete.

Vernier engine cutoff will occur at approximately 280 seconds in re-
sponse to a radio guidance discrete. One second after VECO, the RAM
nose shroud pin puller squibs will be fired by a radio guidance discrete
and the shroud will be ejected. The shroud will be allowed to travel
for two seconds before BOGY/RAM separation, to assure clearance
from the RAM/spacecraft combination.

BOGY/RAM separation will occur at approximately 283 seconds when
RAM midbody pin pullers are fired by a BOGY guidance discrete. At
the same time, BOGY retro-rockets will be fired and the BOGY will
be retarded, permitting the RAM/Spacecraft to draw free of the
adapter.

The firing of the BOGY retro-rockets terminates the BOGY partici-
pation in the overall mission. The remnant BOGY vehicle will be in
free-fall from this time on, and will return to the earth's surface in
the sustainer tankage impact area.

Mission requirements of the BOGY as the primary booster for the
upper stages are incorporated in a set of inertial velocity parameters
existing at BOGY vernier cutoff. Fulfillment of the flight require-
ments at the termination of BOGY-powered flight allows the RAM/
spacecraft vehicle to coast to the proper space position with the
proper velocity and flight path angles for the firing of the RAM engine
which places the vehicle into the desired trans-lunar trajectory.

Following separation, the RAM/spacecraft will coast for 40 seconds.
Attitude control during this time is available through a set of fixed
gas jets.

At 322 seconds, RAM ullage rockets are ignited to assure that the

propellants are properly oriented to avoid cavitation of pumps at
initiation of main engine burn. The main engine burn begins at 332
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seconds. During powered flight, attitude control is accomplished by
hydraulically actuated gimballing of the thrust chamber. In this
mission, the powered flight of RAM terminates with engine cutoff at
449 seconds, as established by the on-board guidance computer.
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LAUNCH VEHICLE PERFORMANCE *

Application of the PRESTO methodology dictates the need for mathematical
models of the performance characteristics of the SLVS in terms of the
performance characteristics of the various components which make up

the system. The generation of such models has been attempted through
use of the Performance Simulator program as developed at the University
of Michigan under Dr. F. H. Westervelt. The information that is re-
quired by the Westervelt Simulator consists of the following:

a. Source Program
b. Element Descriptor Library.

The Source Program describes the particular problem under consideration
to the Westervelt Simulator. The Element Descriptions describe the
physical laws or relationships for each element in the system to the
Simulator. The rules for communicating with the Simulator and a complete
discussion of the logic used are delineated in Part A of Volume III of this
report.

In the SLVS study, two levels for performance simulation were selected:

a. Simulation at the subsystem level, and
b. Simulation at the system level.

The initial efforts were to have been directed primarily toward the
generation of the Source Program and Element Descriptions required

at the subsystem level. Upon completion of tasks at the subsystem level,
the subsystem information was to be incorporated in the simulation of
performance of the SLVS as a complete system.

3.1 SUBSYSTEM STUDY

The BOGY Pneumatics Subsystem was selected as the first sub-
system to be analyzed. The development of Simulator information (Source
Program and Element Descriptions) for the BOGY Pneumatics Subsystem

*[t should be noted that only the descriptions of systems pertaining to the
SLVS are contained in this Appendix. Several other systems were reduced
to the proper Simulator format and were presented for simulation to assist
in the location of the problem areas of the Westervelt Simulator.
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was divided into two phases. In the first phase, a much simplified
Pneumatics Subsystem was to be developed and simulated. The second
phase of the Pneumatics Subsystem study was to include a complete
BOGY Pneumatics Subsystem which is comprised of both the Booster
Pneumatics and Sustainer Pneumatics Subsystemsdiscussed in Section 2
of this Appendix.

3.1.1 Simplified Pneumatics Subsystem

Although the Simplified Pneumatics Subsystem has little direct
correspondence to the BOGY subsystem, it is representative of a pro-
pellant tank pressurization system of a liquid-fueled missile. A diagram
of the Simplified Pneumatics Subsystem in Westervelt Simulator format
appears in Figure D-4. This diagram defines the subsystem as a com-
position of the elements and their interconnections. These elements are
as follows:

e AIRFRM Airframe

e OTANK Oxidizer Tank

e FTANK Fuel Tank

e FREG Fuel Tank Pressure Regulator

e OOUT Oxidizer Sink

e FOUT Fuel Sink

e OXREG Oxidizer Tank Pressure Regulator

e OFREG Oxidizer Tank - Fuel Tank Differential
Pressure Regulator

e HEX Heat Exchanger

e HELS Helium Source

e BTEMP Booster Temperature into Heat Exchanger

The Source Program and Element Descriptions for the subsystem were
prepared in accordance with the rules specified in Part A of Volume I
and appear in Figure D-5 and Figure D-6, respectively.

The Simplified Pneumatics Subsystem was presented for performance

simulation with the Westervelt Simulator. However, for reasons discussed
in Section 5. 2. 2 of Volume I, the simulation was not successful.
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IDENT=$PNEMATS #*

CONNECTIONS.
ATRFRM(OUT«A) ¢« TOSFTANK(INSA)
AIRFRM(OUT+B)+ TOsOTANK ( INvA)
FTANK (OUT «8B8) « TOSFOUT(IN)
FTANK(OUT+A) ¢ TOWFREG(IN)
OTANK (OUT +B) « TOsOOUT (IN)
OTANK(OUT +A) + TO«OXREG(IN)
FREG(OUT) « TO+OFREG(F)
OFREG(FBO) « TOJOTANK (IN+B)
OFREG(FBF ) ¢« TOWF TANK ([Net3)
OXREG(OUT )« TOWOFREG(0)
HEX(OUT) ¢ TO«OXREG (CONT)
HEX(INsA) « TOWHELS (OUT)
HEX(IN«B) + TO«BTEMP(OUT)

INPUT PARAMETERS.
VBL(AIRFRM(OUT))
VBH(AIRFRM(0OUT))
TBO(AIRFRM(QUT))
DOA(OTANK(INY)
DOF(FTANK(IN))
DFP(FREG(IN))
DOP(OXREG( IN))
DOFP(OFREG(0))
IFTP(FTANK (IN))
IOTP(OTANK ( IN))

DESIRED RESULTS,.
PRES(OFREG(O))
PRES(OFREG(F))

EQUIVALENCE.
DR1=PRES(OFREG(0))
DR2=PRES(OFREG(F))

NEW ELEMENT TAPE.
% COMPILE MADPRINT OBJUECT +PUNCH OBJECT

STATEMENT LABEL DONE1 +DONEZ+STAGE

BOOLEAN FRTFIRST

VtS FIRST=18B

V¢S FRT=1B

START CONTINUE

R MUST READ TMAX+ROPRFP+RUFR AS INPUT DATA
READ AND PRINT DATA

- DT=0
RFIRST PART OF CALCULATIONS GOES HERE
T1O BEGIN
- BACK CONTINUE

RSECOND PART OF CALCULATIONS GOES HERE

P1S TIMELOR1..DR2
T*O START

- BEGIN CONTINUE
T*0 BACK
E'M

CALCULATIONS.

- THROUGH MAINLP+FOR TIME=0e¢DT s TIMkE eGE e TMAX
DT=TIME« (TIME)
TIME=TIME+DT

+ MAINLP CONTINUE

Figure D-5. Simplified Pneumatics Subsystem Source Program
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ELEMENT DESCRIPTION.
NAME OF ELEMENT = AIRFRM
ATTACHMENT NAMES = 0OUT
BROAD SCOPE PARAMETERS = PRESVIBR+TEMP . VBL e VOH.TBO
STATEMENT COLLECTION.
VBL+VBH«TBO(OUT) s THENWVIBR(OUT)
WIR TIMELLE«BTBO(OUT)®
SVIBR(OUT ) ®=0VBH(OUT)®
O'E
SVIBR(OUT)B=0VBL(OUT)®
E*L.
STATEMENT COLLECTION.
COMPUTE ¢ X2D e Y2D e Z2D(OUT ) « TEMP (OUT)
AFMe (BX2D(OUT)IBsBY2D(0UT)IBBZ22D(0UT)B«OTEMP (OUT)B)
DESCRIPTION FINISHED

ELEMENT DESCRIPTION
NAME OF ELEMENT = OTANK
ATTACHMENT NAMES = [N.OUT
BROAD SCOPE PARAMETERS = PRESVIBRW«TEMP 4+ JOTPDOA
STATEMENT COLLECTION.
VOL +DOA+TEMP+ IOTR(IN) « THEN«PRES (IN)
W'R FIRST
FIRST=08
OPRES(IN)®=BJOTP(IN)®
O'E
OPRES (IN)®=@DOA(IN)B*1545,*%OTEMP(IN)®
STATEMENT COLLECTION.
TEMP(IN) +PRES(IN) +PRES(OUT) ¢ THENTEMP (OUT)
OTEMP (OUT ) @=0PRES(OUT)B*OTEMP ( IN)®/6PRLS(IN)®
STATEMENT COLLECTION.
UVOL (OUT) ¢« VOL ( IN) « THENsVOL (OUT)
GVOL (OUT)®=@VOL(IN)@-BUVCL (OVUT)®
STATEMENT COLLECTION.
VOL(OUT )« TEMP(OUT ) «DOA(IN) s THENs PRES(0OUT)
TM=@VOL (OUT)®*8DOCA(IN)®
® PRES(OUT )B=TM# 1545 ¥8TEMP (QUT) @/70VOL (OUT)®
DESCRIPTION FINISHEDe.

ELEMENT DESCRIPTION,
NAME OF ELEMENT = FTANK
ATTACHMENT NAMES = [IN.OUT
BROAD SCOPE PARAMETERS = PRES+VIBR«TEMP+ IFTP«DOF
STATEMENT COLLECTION,
VOL +DOF(IN) s TEMP (IN) o IFTRP(IN) ¢« THEN'PRES (IN)
W'R FRT
FRT=0B
OPRES (ON)@®=0I1FTP(IN)®
O'E
® PRES(IN)®=0DOF (IN)D*]154S*TEMP(IN)®
E'L
STATEMENT COLLECTION.
UVOL (OUT )+ VOL ( IN) « THENsVOL (OUT)
VoL (OUT))8=0VOL(IN)®-BUVOL(OUT)®

STATEMENT COLLECTIONe
VOL (OUT ) ¢« TEMP (OQUT ) +DOF ( IN) s THENs PRES(OUT)
TF=0VOL (OUT)®*3DOF (IN)®
® PRES(OUT)IO=TF*#]545,%@TEMP(OUT)®/06VOL (OUT) @
DESCRIPTION FINISHED.

Figure D-6. Simplified Pneumatics Subsystem Element Descriptions (1 of 3)
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ELEMENT DESCRIPTION,

NAME OF ELEMENT = FREG

ATTACHMENT NAMES = IN.OQUT

BROAD SCOPE PARAMETERS = PRESVIBRDFP«TEMP

STATEMENT COLLECTIONG

PRES(IN) «DFP(IN) « THEN+PRES(OUT)

TR=@PRES(IN)®-BDFP(IN)®
W'R TR oLEs RFP
& PRES(OUT)I®=8DFP(IN)®
O'E
GPRES(OUT)®=BPRES(IN)®-(TR-RFP)
E'L

DESCRIPTION FINISHED.

ELEMENT DESCRIPTION.

NAME OF ELEMENT = OOQUT

ATTACHMENT NAMES = IN

BROAD SCOPE PARAMETERS = PRESVIBR
STATEMENT COLLECTION.

COMPUTE ¢UVOL ( IN)
OXGe (BUVOL (IN)®)

DESCRIPTION FINISHED.

ELEMENT DESCRIPTION

NAME OF ELEMENT = FOUT

ATTACHMENT NAMES = IN

BROAD SCOPE PARAMETERS = PRESVIBR
STATEMENT COLLECION.

COMPUTE «UVOL ( IN)
FEUiL e (BUVOL( IN}I®)

DESCRIPTION FINISHED.

ELEMENT DESCRIPTIONGe

NAME OF ELEMENT = OXREG

ATTACHMENT NAMES = IN+OUTWCONT

BROAD SCOPE PARAMETERS = PRESVIBR«DOP+TEMP

STATEMENT COLLECTIONS

PRES(IN) +PRES(CONT) «DOP( IN) ¢« THEN+PRES (QUT)

TS=0PRES( IN)Q+BPRES(CONT)8-0DOP( IN)®
W'R TSeLEe ROP
@ PRES(OUT))®=8DOP(IN)®
O'E
® PRES(OUTI®=0 PRES(OUT)®-(TS-ROP)
E'L

DESCRIPTION FINISHED.

ELEMENT DESCRIPT]IONe

NAME OF ELEMENT = OFREG

ATTACHMENT NAMES = O+F +FBO+FBF

BROAD SCOPE PARAMETERS = PRES«VIBR«TEMP DOFP

STATEMENT COLLECTION.

DOFP(O) +PRES(0) +PRES(F ) s THENPRES(FBO) +PRES (FBF)

W!'R TIME.GEes TMS T+OO**¥DONE1®
TT=0 PRES(0)®-86 PRES(F)®
W!'R TTeLEe ROFR
OPRES(FBO)®=BDOFP(0O)®
O¢*E
OPRES(FBO)Y®=0® PRES(0)18-(TT-ROFR)
BPRES(FBF )®=0 PRES(F)®
E'L
T+OO%x*DONE2S

Figure D-6. Simplified Pneumatics Subsystem Element Descriptions (2 of 3)
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O#xDONE1® BPRES(FBO)B=0PRES(0)0
OPRES(FBF )O=0PRES(F) O

O x#DONE2® CONTINUE

STATEMENT COLLECTION.,
DOFP(0) sPRES(O) s PRES(F) ¢« THENPRES(FBO) + PRES(FBF)

WIR TIME GEe TMS T¢0 @*%DONE1®
TT=0 PRES(0)®-8 PRES(F)®
W'R TTeLEROFR
OPRES(FBF )B®=@0DOFP(0)d
O'E
OPRES(FBF )8=0 PRES(F)I®=-(TT-ROFR)
SPRES(FBO)®=0® PRES(O)®

E'll
T'O0#*DONE20®
O#%DONE 1O BPRES(FBO)®=® PRES(0)®
OPRES(FBF )8=0 PRES(F)®
O*%#DONE2O CONT INUE

DESCRIPTION FINISHED

ELEMENT DISCRIPTION,
NAME ELEMENT = HEX
ATTACHMENT NAMES = INL.OUT
BROAD SCOPE PARAMETER = PRESWVIBR.TEMP
STATEMENT COLLECTIONe.
PRES(IN) « TEMP (IN) ¢ THEN+PRES(OUT)
WIR TIME oGEe TMS T'O @*%STAGES®
BPRES(OUT)IO=F (BTEMP ( IN)@ +OPRES (IN)®)
O%STAGE® CONTINUE
DESCRIPTION FINISHED.

ELEMENT DESCRIPTION.

NAME OF ELEMENT = HELS

ATTACHMENT NAMES = 0OUT

BROAD SCOPE PARAMETERS = PRES+VIBR«TEMP
STATEMENT COLLECTION

COMPUTE +PRES(OUT)
HELP . (BPRES(OUT) @)

DESCRIPTION FINISHED

ELEMENT DESCRIPTION,
NAME ELEMENT = BTEMP
ATTACHMENT NAMES = 0OUT
BROAD SCOPE PARAMETERS = PRES«VIBRTEMP
STATEMENT COLLECTION.
COMPUTE s TEMP (OUT)
BTMP, (BTEMP(OUT)®)
DESCRIPTION FINISHED.
NEXT SET OF DATA.

Figure D-6. Simplified Pneumatics Subsystem Element Descriptions (3 of 3)
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3.1.2 Tanks Pressurization Subsystem

During the period through which attempts were being made to
obtain successful performance simulation of the Simplified Pneumatics
Subsystem with the Westervelt Simulator, considerable effort was ex-
pended towards defining the Tanks Pressurization Subsystem. The Tanks
Pressurization Subsystem has high correspondence to the BOGY Pneumatics
Subsystem, and was defined as shown in Figure D-7. The elements appear-
ing in the figure are identified as follows:

e AFME Airframe

e FTNK Fuel Tank

e OTNK Oxidizer Tank

e REG, OT Regulator, Oxidizer Tank

e REG, FT Regulator, Fuel Tank

e PV Poppet Valve

e RV Relief Valve

e CV Check Valve

e SV Shut-off Valve

e GB Gas Bottle

e HXB Heat Exchanger, Booster

e HXA Heat Exchanger, Ambient

e ATMOS Atmosphere

e TRADP Differential Pressure Transducer
e SWDP Differential Pressure Switch

The element description for ''valves' posed a significant problem. Because
of the search logic of the Simulator, the element descriptions require the
provision to permit redirection of the search for certain classes of
problems. If flow through a valve ceases, the values of certain variables
are ''reflected' upstream and downstream to attached elements. But the
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values of variables at the attached elements may be dependent upon the
mode of the valve. This situation revealed a weakness in the concept
that an element could be adequately described as an entity, independent

of its application in a system. Attempts were made to write acceptable
descriptions for a simple electrical switch, without encouraging results.
Before the valve/switch impasse could be resolved, it had become
apparent that the Westervelt Simulator in its current state could not solve
the earlier-submitted Simplified Pneumatics Subsystem problem. Efforts
directed toward the development of the element descriptions for the Tanks
Pressurization Subsystem were curtailed. However, at that time, it was
hoped that the difficulties within the Simulator might be corrected and
sufficient improvements incorporated such that a simulation of the BOGY
at the system level might be achieved.

3.2 SYSTEM-LEVEL STUDY

At the time the subsystem level of study was abandoned, it was
relatively late in the contract period. Investigation and application of
alternate methods of performance simulation were deemed to pose too
great a compromise of the remaining tasks of the PRESTO study. The
goal of system optimization retained the requirement for the simulation
of performance, as well as for reliability and economics. With an
established dependency upon the Westervelt simulator, it was decided to
attempt performance simulation at the ""system' level.

The system investigated was the BOGY vehicle in the sustainer/vernier
configuration. The analysis was to begin at lift-off plus 140-seconds,
after the booster package had been jettisoned. This greatly simplified
the Source Program and the Element Descriptions.

Since the individual subsystems could not be modeled adequately, the
BOGY vehicle was defined in a slightly different manner. The elements
allowed in the description were oriented toward system functions rather
than as discrete subsystems.

The BOGY vehicle in the sustainer/vernier configuration was defined as
shown in Figure D-8. The block diagram defines the system in terms
of the functional elements and their interconnections.

The elements of the BOGY vehicle and their definitions follow:

e Airframe (AFME) The airframe is the container for all
the other elements, and acts as the
structural support. All internal and
external forces are transmitted through
the airframe.
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® Thrust Chamber (TC) The thrust chamber is the assembly
in which mixing of liquid propellants
takes place to form hot gases which
are then ejected through a nozzle at
high velocity to give momentum to
the system.

e Gas Generator (GG) The gas generator is a combustion
chamber used to provide hot gases
for a turbine to drive the propellant
pumps. Inthe present description, the
gas generator and turbine character-
istics are combined in one element
description.

e Solenoid Valve (SV) The solenoid valve is used to control the
flow of a liquid or gas. The valve is
mechanically operated by a coupling to
a solenoid.

e Pump (PUMP) Pumps are used to provide the proper
flow rates of propellants. The pumps
are driven by the gas generator/turbine
assembly.

® Propellant Tanks (PT) Propellant tanks are used to contain the
propellants. In the instance of the
BOGY these tanks are part of the air-
frame itself, but are defined as separate
elements for the library. The tanks are
pressurized to maintain the structural
integrity of the airframe, and to prevent
cavitation of the propellant pumps.

® Check Valve (CV) Check valves permit the flow of a fluid
in one direction only. A negative
pressure differential must exist in the
direction of the desired flow.

e Solenoid (SOL) The solenoid is an electrically-operated
device to produce a mechanical force
through magnetic coupling.
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e Gas Bottle (GB)

e Hydraulic Actuator (HA)

) Hydraulic Accumulator
(ACUM)

e Hydraulic Oil Tank (HT)

® Guidance System (GUID)

° Flight Programmer
(PROG)

e Roll Function (RF)*

e Pitch Function (PF) *

e Yaw Function (YF) *

The gas bottle is a container to act as a
source of pressurized gas. In the system
as defined herein, the gas is used for
pressurization of the propellant tanks.

The hydraulic actuators serve to position
the gimballed thrust chambers to control
the thrust vectors.

The hydraulic accumulator serves to
reduce the effects of surges through the
hydraulic distribution lines.

The hydraulic oil tank is the source for
hydraulic fluid.

The guidance system furnishes pitch and
yaw steering commands during sustainer/
vernier flight, and furnishes discrete
commands for configuration changes.

The flight programmer furnishes roll and
pitch programs, receives the guidance
steering and discrete commands and routes
them to the proper functional areas, and
generates back-up commands for certain
functions.

Roll function generates the signals to
control the thrust vectors in the roll
plane.

Pitch function generates the signals to
control the thrust vectors in the pitch plane.

Yaw function generates the signals to con-
trol the thrust vectors in the yaw plane.

Roll, pitch, and yaw functions actually are composed of displacement
and rate gyros, and servo-amplifiers/filters for the three functions.
Guidance steering in yaw and pitch is accomplished through torquing
currents in the yaw and pitch displacement gyros of the autopilot.
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e Electrical System The electrical system furnishes
(ELECT) AC and DC power to all user sys-
tems.

Soon after the start of the writing of the Element Descriptions for the
BOGY Sustainer Vehicle, it became apparent that the number of para-
meters required to describe the elements of the system would far ex-
ceed the limit prescribed by the Westervelt Simulator. Consequently,
the decision was made to reduce the BOGY Sustainer Vehicle into a
Modified Sustainer Vehicle.

3.2.1 Modified Sustainer Vehicle

The Modified Sustainer Vehicle is comprised of elements
which represent essentially four subsystems;

Sustainer Propulsion,
Sustainer Airframe,
Sustainer Pneumatics, and

Dormnn1lmmd TTHI Vit fonn Qan
rIropeiidaiil uiitiZacrivni (s€c ol

fo TP

A description of the Modified Sustainer Vehicle appears in Figure D-9.
The definitions of the system elements are identical to those appearing
in Section 3. 2. The Source Program and Element Descriptions which
were prepared for the Modified Sustainer Vehicle appear in Figure

D-10 and Figure D-11, respectively. A list of parameters which appear
in the element descriptions, together with the definitions of these para-
meters, are given in Figure D-12,

Though considerable effort was expended on the Westervelt Simulator
at the University of Michigan, the problems within the Simulator,
some of which are discussed in Sections 4.1 and 5. 2. 2. 1. 1 of this
Final Report, remained unsolved. Consequently, the performance
simulation of the Modified Sustainer Vehicle resulted in failure.
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IDENT=$SUSTANS *

CONNECTIONSe
AFME (INeA) ¢ TOsTCe 1 (OUT)
AFME (INeB) ¢ TOsTCe2(0UT)
AFME (INeC) e TO4TCo3(0OUT)
AFME(QUTeA) e TOsTC el ( INWC)
TCel(INsA) s TO«SVe1(0OUT A}
TC'I(IN.B).TO.SVOZ(OUTOA)
GGUIN«A) e TOsSV.1(0OUT «B)
GG(INeB)eTOsSV2(0UT «8B)
PUMP+ 1 (INsB) s TO«GG(OUT 4A)
PUMP+2(INeB) s TO«GG(OUT 4B)
SVel1CINB)eTOsSOL+1(0OUTA)
SVe2(INB) e TOsSOL «1(0UTH)
SOLI(IN)«TOWAFME (OUT«D)
SVel1(INsA) e TOJPUMP 41 (OUTA)
CVe1C(IN)YeTOWPUMP 41 (0OUT o8)
SVe2(INsA) ¢ TOPUMP 42 (0OUTA)
PUMP4 1 (INsA) s TOWPT41 (OUT)
PUMPs2(INsA) « TOWPT2(0UT)
PTe1C(IN)eTOWAFME (OUT oH)
PT+2(IN)eTOWAFME(OUT 4 1)
PTe3(INeB) e TOCVel(OUT)
CVe2(IN) e TO+PUMP+2(0UT ¢B)
PTe4(INsA)eTOCVe2(0OUT)
PT«3UINA)Y ¢ TOWGB 1 (OUT s A)
PTe4(INB)eTO«eGBe«1(0OUT,8)
TCe2(INWA) ¢ TO«SVe3(0OUT)
TCe2(INB) e TOeSVe4(0OUT)
TCe3(INsA) e TOeSVeS(OUT)
TCe3(INB)IsTOsSVe6(OUT)
SVe3(INWA) e TO«PT+3(0OUT 4A)
SVed4(INsAY e TOPT«4(0OUT A}
SVeS(INsAY e TOWPTe3(0UT«B)
SVe6(INIAYs TOWPT «4(0UT +B)
SVe3UINB) e TOeSOL +2(0UT sA)
SVe4(INsB) s TOeSOL +2(0UT «B)
SVeS{INeB) s TO+sSOL +2(0UT «C)
SVe6(INeB) e TO«SOL +2(0UT D)
SOL«2(IN) s TOWAFME (OUTHE)
GBel1{IN)eTOWDUMMY ¢+ 1 (SINK)
TCe3(INWC)s TOJAFME (OUT +C)
TCe2(INC) e TOJAFME (OUT +B)

EQUIVALENCE.

WDF 1 =WDL(TCW1(INsA))
WDF 2 SWDL(TC+2(INeA))
WwDF 3 =WDL(TC+3(INsA)Y)
wDO1 =WDL(TCs1(INB))
wDO2 =WDL(TC+2(INB)Y)
wDO3 =WDL(TC+3(INeB))

Figure D-10. Modified Sustainer Vehicle Source Program (1 of 3)
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iNPUT PARAMETERS.
ARFRL(AFME ( IN))
APRL (AFME( IN))
CGLOT(AFME( IN))
CGLOST(AFME(IN))
COGLFT(AFME(IN))
CGSFT(AFME( IN))
VWD (AFME(IN))
CGLN(AFME(OUT) )
CGY(AFME(OUT) )
CGX(AFME(OUT))
AIXX(AFME(OUT) )
AITYY(AFME(QUT))
A1ZZ(AFME(OUT))
SVEL(AFME( IN))
ATA(AFME(IN))
PAPP(AFME (IN))
CC(AFME(IN))
ZD(AFME(OUT))
PFPA(AFME(OUT) )
PAA(AFME(QOUT))
CSA(AFME(IN))
COPP(AFME(IN))
COPY(AFME(IN))
CD(AFME(IN) )
CGLM(AFME(IN) )
RDC(AFME(OUT))
TTT(AFME(OUT D))
TTT(AFME(OUTE))
VC(AFME (OUT D))
VC(AFME(OUT E))
KCH(TC+2(IN))
KCH(TC«3(IN))
KCH(TC.1(IN))
APA(AFME(OUT «B))
CPR(TCs1(IN))
CPITC«2(INY)
CP(TC+3(IN))
EXRAT(TCe1 (IN))
EXRAT(TCe2(IN))
EXRAT(TC+s3(IN))
TAR(TCel1(IN))
TAR(TCe2(IN))
TAR(TCW«3(IN))
WDF(TCel1(IN))
WDF (TCe2(IN))
WDF (TCe3(IN))
OFMR(TCel1(IN))
OFMR(TC+2(IN))
OFMR(TC+3(IN))
OFMR(GG(IN))
WDF (GG(INeA))
DWDF (GG(INeA))
ORPS(GG(OUT))

Figure D-10. Modified Sustainer Vehicle Source Program (2 of 3)
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DOL (PT41(IN))
DOL(PT+2(IN))
DOL(PT+3(IN))
DOL(PTe4(IN))
WLIPTW1(IN)Y)
WLIPTs2(IN))
WL(PT«3(IN))
WL(PTs4(IN))
WG(PTs1(INY)
WGI(PT«2(IN))
WLPR(PUMP, 1 (IN))
PR(PUMP,1(0UT))
WLPR(PUMP+2 (IN))
PR(PUMP 42 (0UT))
PR(GB(OUT))

DESIRED RESULTS,
TAT(AFME(OUT))

2N s T .
WULrF1e 1 VvWwWw L)

WDOL(PT+2(0UT))

NEW ELEMENT TAPE.
$ COMPILE MADPRINT OBJECT PUNCH OBJECT
STATEMENT LABEL M
BOOLEAN [IFRT
IFRT=18
START CONT INUE
- READ AND PRINT DATA
RFIRST PART OF CALCULATIONS GOES HERE
TRANSFER TO BEGIN
- BACK CONT INUE
RSECOND PART OF CALCULATIONS GOES HERE
PtS TIMEe«XeYeZ
TRANSFER TO START
- BEGIN CONTINUE
TRANSFER TO BACK

+ END OF PROGRAM
CALCULATIONS,
- CONTINUE

+ MAINLP CONTINUE

Figure D-10. Modified Sustainer Vehicle Source Program (3 of 3)
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ELEMENT DESCRIPTION. 0004,
NAME OF ELEMENT = AFME COO04N
ATTACHMENT NAMES = INL.OUT Q004A
BR*S=RPSe
BR'S=TAT. TISPeTWTW+AACCIQeCSACAF ¢ ARFRL«CUOPP+PCP+COPY +CP+CD

BRYS=APAJRDIDRAGICGLM e CGLOT ¢ CGLOST e COLF T e VWD s OOUT s USOT o FF TeF SFT e CGLNeSVEL ¢
BRIS=MACH+PAPP ¢ PPODVS PPV CC e ZDPFPAPAA

ST'Ne
ISPTCUINSA) s THENSTISP(OUT)
S=0e
S=S+QISPTC(INA)®
BTISP(OUT)YB=S
ST'N,

TAT(OUT) o TWT(IN) s AACC(OUT ) ¢QUIN)¢eCSACIN)sCSA(IN) ¢ THENSCAF(OUT)
BCAF (OUT)B=(BTAT(OUT ) B~ (BTWT (IN)B*QAACC(OUT)IB))IZ(BQ(IN)O*BCS
1ACIN)Y®
ST*Ne
ARFRL (IN) «COPP (IN) « THENPCP(OUT)
OPCP(OUT)I®=0ARFRL (IN)YO*BCOPP(IN)®
ST ¢Ne
ARFRL(UIN)+sCOPY (IN) e THEN+YCP(QUT)
@YCP(OUT)I®=0ARFRL(IN)O*@COPY(IN)®
ST¢N,
CDUIN)«CSACIN) sAPACIN) sRD(IN) « THEN+DRAG(IN)
BDRAG(IN)I®=0CD(IN)O*¥BCSA(IN)IB*DAPA(IN)O*® RD(IN)O*X2%0e5
ST N,
TAT(OUT )« TWT(IN) s AACC(OUT ) s THEN +DRAG ( IN)
BDRAG(INY®=8TAT(OUT)®-8TWT(IN)O*BAACC(OUT) @
ST*N,
CGLMUIN)sCGLOTCIN) «CGLOST(IN) ¢+CGLFTUIN)YsCGSFTIN) +VWDI(IN) e QOT(IN) +0S
1 OTCIN)«FFTCOIN) o FSFTOIN) « THEN«CGLN(OUT)
BCGLN(OUT)®=(OBCOGLMIIN)ID*BOVWD (IN)B+OCGLOT(IN)®*QOOT(IN)B+OCGLO
1ISTOIN)I®*BOSOT(IN)IB+BCGLFT(IN)ID*¥BFFT(IN)O+OCGSFT(IN)I*OFSFT (]
2NI8)Y /(BVWD(IN)B+BO0T(IN)@+BOSOT(IN)IB®+BFFT( IN)O+BFSFT(IN)D)
ST*Ne
COMPUTE ¢ CGLIN(OUT ) s COGY(OUT ) s CGXIOUT 3 s AIXX(OUT ) s AIYY(OUT ) AIZZ(0UT)
BCCGLN(OUT)B=CGLNs (MT)
BCGY (OUT)IB=CGYe (MT)
BCGX(OUT)IB=CGXe (MT)
BAIXX(OUT)IB=AIXXe (MT)
GAIYY(OUT ) B=ATYY,e (MT)
BAIZZ(OUT)IB=ATZZe (MT)
ST*Ne
PAPP(IN) ¢+ PPDVS(IN) «CCUIN) s THENPAPP (IN)
BPPDS(IN)8=8PPDVS(IN)O*BPPV(IN)®
ODPA(IN)YD=0PPDS(IN)O®*BCC(IN)O®
BPAPP (IN)O=0PAPP(IN)B+ODPA(IN)®
ST¢N,
ZD(OUT) «RD(OUT) e« THEN PFPA(OUT)
COSF=9ZD(OUT)Y»®/7ORD(OUT)®
BARCOSF (IN)B®=ARCOSF ¢ (DEG«COSF)
OPFPA(OUT)B=0ARCOSF(IN)®
ST*Ne
PFPA(OUT) +PAPP(IN) s THENPAA(OUT)

Figure D-11. Modified Sustainer Vehicle Element Descriptions (1 of 6)

D-38




BPAA(OUT )»B=0PFPA(OUT )B®-0PAPP(IN)®
ST'N,
COMPUTE +PAA(OUT)
BPAA(QUT )®=PAA. (MT)
ST'Ne
TWT(IN) AACC(OUT ) +DRAG(IN) ¢« THEN S« TAT(OUT)
BTAT(OUT)I®=BDRAG(IN)IB+BTWT(IN)@*BAACC(OUT)®
ST'Ne
AACC(OUT ) +DRAG(IN) ¢ TAT(OUT ) ¢ THENSTWT (IN)
ODTWT(IN)B=(BTAT(OUT)B-BDRAG(IN)®)/7BAACC(OUT)Y O
ST "N,
DRAG(IN) s TAT(OUT) s TWT(IN) « THENsAACC(OUT)
OAACC(OUT) B=(OTAT(OUT ) B-BDRAG(IN)®)/BTWT(IN)®

STINs
VWD (UIN) s WL(OUT s A) s THENSTWT (IN)
S5=0.
S=S+OBWL (OUT+A)S®
BTWT(INI®=OVWD(IN)O+S
ST*N,
ATTCUINGA) e THEN«TAT(OUTA)
S=0s
S=S+0ATTC(INA)Y®
®TAT(OUT)Y®=S
DStD,

ELEMENT DESCRIPTIONS
NAME OF ELEMENT = TC
ATTACHMENT NAMES = [INOUT
BR*'S=KCH«EXRAT ¢« TAROF MR
ST*N,
WDF (IN) s WDO( IN) s THEN«CP(IN)
W'R BWDF (IN)SeE e0OeeOR¢DWDO(IN)DeEeOo»
BCP(IN)®=0.
O'E
OCP(IN)®=BCP(IN)®
ST*Ne
RDUIN) «SVEL(IN)Ys THENM(IN)
OM(INIO=BRD(IN)B/BSVEL(IN)O
ST*Ne
MOIN)+ATA(IN) e THENSQ(IN)
BQUIN)ID=0¢ 7¥*OATA(IN)OX*BM ( IN)DXX2
ST N,
KCHOIN) dAPACIN)Y s CPUIN) +EXRAT(IN) ¢ TARCIN) « THENSATTC(OUT)
DATTC(OUT)I®=(OKCH(IN)B-(BATA(INIB/BGCP(IN)D ) *BEXRAT(IN)D)*OCP
1eINID*¥OTAR(IN)O®
ST'Ne
WDO «WDF (IN) s ATTC(OUT ) s THENS ISPTC(OUT)
BWOP (IN)YB=BWDO(IN)D+OWDF (IN)Y @
BISPTC(OUT))®=0ATTC(OUT)B/OWDP (IN)@
ST'N,
WOF (IN) sOFMR(IN) s THEN«WDOC(IN)
OWDO(IN)IP=OWDF ( IN)O*QOFMR(IN)©®
ST*Ne
WODO(IN) sOFMR(IN) s THENsWDF ( IN)

Figure D-11. Modified Sustainer Vehicle Element Descriptions (2 of 6)
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0004CQ011

0010

Q3100
CO1O0ON
OO10A

0010C001
0010C001
0010C001
0010C001
0010C002

0010C003
0010C004
0010C004
0010C004
C010C005
0010C005



GWDF ( IN)®=B8WDO(IN)B*(1,/00FMR(IN)@®)

DS»*D

ELEMENT DESCRIPTIONe

NAME OF ELEMENT = GG

ATTACHMENT NAMES = INsOUT

BR'S=ATA+DRPS
ST¢Ne
OFMR(IN) e WDF (IN) s THEN+WDO( IN)
OWDO(INYD=OWDF ( IN)O*¥BOFMR(IN)®

STtN,

WDO(IN) «DWDO(IN) s WDF ( IN) s DWDF ( IN) ¢+DRPS(OUT ) s THEN+RPS (OUT)
W'R BWDO(IN)IB®JEeDODWDO(IN)BeAND«BWDF ( IN)BeE «OUWDF ( IN) O

ORPS(OUT)B=ODRPS(0OUT ) ®
O'E

BRPS(OUT)IB=F(BWDO(IN)B+BWDF(IN)®)

E'L
ST'Ne
DWDF(IN)¢sOFMR(IN) ¢« THENDWDO(IN) »

ODWDO ( IN)B=ODWDF ( IN)BX*OOFMR(IN)®

DS'De

ELEMENT DESCRIPTION,

NAME OF ELEMENT = SV

ATTACHMENT NAMES =IN.OUT
BR1S=SMMPRNPR

ST*N,

SMUIN) e THENsM(IN)

WIR OSM(IN)®eE«CeO
GM(IN)D=1
Q'E
GM(IN)B=0e
E'L
STtNe

MUIN) «WD(IN) e THEN«WD(OUT)
W'R OM(IN)BEa!
GWD(OUT ) )B=BWD(IN)®
O'E
WD (OUT »®=0,

E'L
ST'N,

MCIN) «WD(OUT) s THENWD(IN)
WI'R BM(IN)BsEeloe
BWD( IN)D=BWD(OUT )@
OtE
QWD (IN)®=060
EtL

ST*Ne.

MCIN) «PRCOIN) «THENWPR(OQUT)
WIR BM(IN)DeEole
BPR(OUT)I®=BPR(IN)B®
O'E
GPR(OUT I =BNPR(OUT)®
E'L

Figure D-11. Modified Sustainer Vehicle Element Descriptions (3 of 6)
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0010C005

0011D
OO11N
Q011A

0011C001
0011C001
0011C001
ool11Co002
0011C002
0011C00&2
0011C00e
0011C00c
0011C002
0011C002
0011C003
0011C003
0011C003

Q0120
CO12ZN
Qo1zA

0012C001
0012C001
0012C001
0012C001
0012C001
0012C001
0012C001
0012C002
0012C002
0012C002
0012C002
0012C002
0012C002
0012CQ02
0012C003
0012C003
0012C003
0012C003
0012C003
0012C003
0012C003
0012C004
0012C004
0012C004
0012C004
0012C004
0012C004
0012C004



ST*N,
PR(IOUT) e THENsNPR(OUT)
ANPR(OUT)®=0PR(OUT)®
ST*Ne
MCIN) sPR(OUT) « THENPR(IN)
WIR BM(IN)BeEoele
BPR(IN)O=BPR(OUTI®
OvE
BPRIIN)B=ONPR(IN)®
gL
ST*N,
PRUIN) «THENWNPR(IN)
ONPR(IN)®=OPR(IN)®
DS'D

ELEMENT DESCRIPTIONe
NAME OF ELEMENT = PUMP
ATTACHMENT NAMES = [NsOUT
BR*S=RPS +WLPR
STATEMENT COLLECTION.
RPSCIN) sWLPR(CIN) e THENs WD (OUT)
QWD (OUT ) B=0WLPR(IN)O*IRPS(IN)D®
S¢C
WD(OUT ) « THEN WD ( IN)Y
OWD(IN)B=OWD(OUT ) O
S¢C
RPS(IN)+PREIN) s THEN+PR(QUT)
OPR(OCUTHIO=F(ORPS(IN)BBPR(IN)B)
DS 1D

ELEMENT DESCRIPTION,
NAME OF ELEMENT = PT
ATTACHMENT NAMES = IN+OUT
BR*S=DOL +DOGVT
ST *Ne
DOLCIN) e VLCOIN) s THENsWL ( IN)
BWL ( IN)B=@VL ( IN)SG*ODOL (IN)®
STe¢N,
WL CIN)DOL ( IN) « THENGVL (IN)
BVL ( IN)©=0WL ( IN)8/0DOL (IN)©
ST N
DOGUIN) o VG IN) e THEN«WG(IN)
OWG(IN)IB=OVG(IN)O*BDOG(IN)O
ST'Ne
WG(IN) «DOG(IN) s THENWVG(IN)
BVG(IN)D=OWG(IN)B/BDOG(IN)O
ST !N,
WL(OUT ) o NWL (OUT ) e THEN+WDL (OUT)
SWDL (OUT)®=0WL (OUT) @-BNWL (OUT ) @
OWL (OUT)IO=ONWL (OUT) @
ONWL (OUT)@=F (TIME)
ST 'Ne
WL CIN) oNWL ( IN) ¢ THENWDL ( IN)
OWDL ( INYO=0WL (IN)B~ONWL( IN)©®

Figure D-11. Modified Sustainer Vehicle Element Descriptions (4 of 6)

D-41

0012C005
0012C005
0012C005
0012C006
0012C006
0012C006
0012C006
0012C006
0012C006
0012C006
0012C007
0012C007
0012C007
o012

00130
0013N
00138

0013C001
0013C001
0013C001
0013C002
0013C002

0013C002
0013C003

N 8w -

0013C003
0013C003

0014D
0014N
00144

0014C001

0014C001

0014C001

0014C002
0014C002
0014C002
0014C003
0014C003
0014C003
0014C004
0014C004
0014C004
0014C005
0014C005
0014C00S
0014C005
0014C005
0014C006
0014C006
0014C006



WL (IN)®=@NWL (IN)®
SNWL (IN)YB=F (T IME)
ST N,
WDL (OQUT ) « WL (OUT ) e THENSNWL (OUT)
SNWL (OUT)I®=8WL{(OUT)B-dWDL (OUTHY B
GWL (OUT  )®=BNWL(OUT)I®
ONWL (OUTHY®=F(TIME)
STW'Ne
VTCOINY s VLOIN) s THENSVUCIN)
BVUCIN)S=EVT( IN)IB-BVL(IN)IB®

ST *Ne
VTCOIN) «DOL CIN) o TEMPCIN) o IPRCIN) s THENPR(IN)
W'R FRT
FRT=0B
OPR(IN)D=BIPR(IN)S®
O'E
OPR(IN)YB=BDOL (IN)B* 15404 *¥BTEMP(IN)S/OVT(INIS®
ST N,

E'L
COMPUTE +PR(IN)
BPR(IN)D=PTPR+(MT + TANKN)
DStDe

ELEMENT DESCRIPTION.
NAME OF ELEMENT = CV
ATTACHMENT NAMES = [IN.OUT
ST N,
PRUIN) +PRIOUT) e THENsM(IN)
WIR BPR(OUT)IBeGE«O.9%8PR(IN)®
EM(INYD=1e
O'E
BM(IN)B=0e
gl
ST'Ne
MUIN) sPROIN) s THEN+PR(OUT )
WIR BM(IN)BeEele
OPR(OUT)I®=6PR(IN)®
o'E
SPR(OUT H)YB=BNPR(OQOUT ) &
gL
ST N,
PRIOUT) « THEN'NPR(OUT)
ONPR(QUT I ®=8PR(0OUT)®
ST N,
MOIN) sWDCIN) s THEN«WD (OUT)
W'R BM(IN)BeEole
eND (OUT)HI®=8BWD(IN)®
O'E
OWL(OUT)ID=00e
E'L
ST N,
WO (OUT) WD C(IN) s THENSM(IN)
WIR BWD(OUT)I®EBWD(IN)®
ODM(IN)D=1e

Figure D-11. Modified Sustainer Vehicle Element Descriptions (5 of 6)
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0014CQ06
0014C006
0014C0Q7

0014C007
0014C007
0014C007
0014C008
0014C0O08
0014C008
0014C009
0014C009
0014C009
0014C009
0014C009
0014C009
0014C009
0014C0O10
0014CO0O10
0014CO10
0014CO10
0014

0015D
O015N
0015A
0015C001

0015C001

0015C001

C015C001

0015C001

0015C001

0015C002
0015C002
0015C00&2
0015C00c
0015C002
0015C002
0015C00&
00195C003
0015C003
0015C003
0015C004
0015C004
0015C004
0015C004
0015C004
C0195C004
0015C004
0015C005
0015C005
0015C005
0015C005




O'E
SMIN)B=0o,
E'L

DS'De.

ELEMENT DESCRIPTION.
NAME OF ELEMENT = SOL
ATTACHMENT NAMES = IN+OUT
BR*S= TTT.VvC
ST'Ne
TTTCOIN) oVCCIN) «CPOIN) s ROCIN) « THENSM(UUT)

0015C005
0015C005
0015C00%

00160
001 6N
0016A

0016C001

WIR BTTT(IN)BeLEeHMT(IN)BeCReBVC(IN)BeLEe® RD(IN)IBeORBCP(IN)0016C00L

13eEeQe
SVIIN)Y®=0.
Ot'E
BVIIN)ID=26¢
E'L
WIRBV(IN)DeGE e 260
BSM(OUT )B=1e
O'E
BSM(OUT)Y®=0,
EvL

DStDe

ELEMENT DESCRIPTION,
NAME OF ELEMENT = GB
ATTACHMENT NAMES = INLOUT
ST 'N,
COMPUTE +PR(OQUT)
BPR(OUT )B=GBPRe (MT +BOTTN)
DS Do

EL'N
NM+T = DUMMY
AT''S = SINK
DESCRIPTION FINISHED
NEXT SET OF DATA

Figure D-11. Modified Sustainer Vehicle Element Descriptions (6 of 6)
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0016C002
0016C00c
G016C00c
0016C002
0016C002
0016C001
0016C001
0016C001
0016C001
0016C001

00170
0017N
0017A
0017C001
Q017C001
0017C001

O004F



NAME

AACC
APA
ARFRL
ATA
ATTC
CAF
cc

CD
CGLFT

cGolM

CGLN
CGLOST

CGLOT

CGSFT

coPpP

corPY

CSA
DOG
DOL
DRAG
DRPS
DWDF
DWDO
EXRAT
FFT
FSFT
1PR
1SPTC
KCH
M
MACH
NwL.
OFMR
ooT
0s0T
PAA
PAPP
PCP

PFPA
PPDVS
PPV
PR

Q

RD

DEFINITION

AXITAL ACCELERATION

AMBIENT PRESSURE

AIRFRAME REFERENCE LENGTH

AMBIENT TEMPERATURE

AXTAL THRUST OF THRUST CHAMBER
COEFFICIENT OF AXIAL FORCE
COMPUTATIONAL CYCLE

COEFFICIENT OF DRAG

LONGITUDINAL CENTER OF GRAVITY OF
FUEL IN FUEL-TANK

LONGITUDINAL CENTER OF GRAVITY.
DRY MISSILE

LONGITUDINAL CENTER GRAVITY. WET
LONGITUDINAL CENTER OF GRAVITY OF
OXIDIZER OF SOLO-TANK
LONGITUDINAL CENTER OF GRAVITY OF
OXIDIZER IN OX-TANK

LONGITUDINAL CENTER OF GRAVITY OF
FUEL IN SOLO-TANK

CENTER OF PRESSUREe+ PITCH

(AT CENTER LINE)

CENTER OF PRESSUREs YAW

(AT CENTER LINE)

VEHICLE CROSS-SECTIONAL AREA
DENSITY OF GAS

DENSITY OF LIQUID

AERODYNAMIC DRAG

DESIRED ROTATION PER SECOND
DESIRED FUEL FLOW RATE

DESIRED OXIDIZER FLOW RATE
EXPANSION RATIO OF THRUST CHAMBER
WEIGHT OF FUEL I[N FUEL TANK
WEIGHT OF FUEL IN SOLO FUEL-TANK
INITIAL PRESSURE

SPECIFIC IMPULSE OF THRUST CHAMBER
CONSTANTes THRUST CHAMBER

MODE

CALCULATED MACH NUMBER

NEW WEIGHT OF LIQUID
OXIDIZER/FUEL MIXTURE RATIO
WEIGHT OF OXIDIZERe OXIDIZER TANK
WE IGHT OF OXIDIZER IN SOLO OX-TANK
PITCH ANGLE OF ATTACK

PITCH ANGLEs PITCH PROGRAM

PITCH CENTER OF PRESSURE

(AT CENTER LINE)

PROGRAMMED FLIGHT PATH ANGLE
PITCH PROGRAMMER DEGREES PER VOLT~-SECS
PITCH PROGRAMMER VOLTS OUT

PRE SSURE

DYNAMIC PRESSURE

RESULTANT VELOCITY

UNITS

G

PSIA
INCHES
DEG F
POUNDS
(==)
SECS
(==)
INCHES

INCHES

INCHES
INCHES

INCHES

INCHES

(==)

(—=)

sSQ FT
POUNDS/CU FT
PDS/CU FT
POUNDS/SQ FT
RPS
POUNDS/SEC
POUNDS/SEC
(==)

POUNDS
POUNDS

PSIA

(==)

(==)

0-1

(=-=)

POUNDS

(==)

POUNDS
POUNDS

DEG

DEG

INCHES

DEG
DEG/VOLT~5SEC
VOLTS

PS1A
POUNDS/SQ FT
FT/7SEC

Figure D-12. Parameter Descriptions (1 of 2)
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NOTE

NOTE

NOTE

NOTE

NOTE
NOTE

NOTE

NOTE

NOTE
NOTE
NOTE

NOTE
NOTE




. NAME

RPS
SM
SVEL
TAR
TAT
TEMP
TISP
TTT
TWwT

vC
VG
vL
vT
vu
vwD
wD
WDF
wDL
wDO
wDP
wG
wL.
wL
WL PR
wPR
yYcp

ZD

DEFINITION UNITS
ROTATION PER SECOND RPS
SOLENOID MODE 0-1
VELOCITY OF SOUNDs AT ALTITUDE FT/StEC
THROAT AREA SQ IN
TOTAL AXIAL THRUST POUNDS
TEMPERATURE s+ LOCALs OR OF A MASS DEG F
TOTAL SPECIFIC IMPULSE (==)
THRUST TERMINATION TIME SECS
TOTAL WEIGHT OF VEHICLE POUNDS
VOLTAGE VOLTS
VELOCITY CRITERIA FTrs75eC
VOLUME OF GAS CU FT
VOLUME OF LIQUID CU FT
VOLUME OF TANK CU FT
ULLAGE VOLUME CU FT
VEHICLE WEIGHTe DRY POUNDS
FLOW RATE POUNDS
FUEL FLOW RATE POUNDS/SEC
FLOW RATE OF LIQUID POUNDS/ SEC
OXIDIZER FLOW RATE POUNDS/SEC
PROPELLANT FLOW RATE POUNDS/SEC
WEIGHT OF GAS POUNDS
WEIGHT OF LIQUIDs PROPELLANT TANK POUNDS
WEIGHT OF LIQUID POUNDS
WEIGHT LIQUID MOVED PER ROTATION POUNDS
NEW PRESSURE PSI1A
YAW CENTER OF PRESSURE INCHES
(AT CENTER LINE)
VELOCITY IN Z-PLANE (UP) FT/SEC

Note 1.
Note 2.
Note 3.

Note 4.

Note 5.
Note 6.

Note 7.

See Figure D-13.

Vehicle station numbers, in inches (Figure D-14).

Center of pressure is given as a station number, related
to the vehicle center line.

Vehicle weight (dry) includes all weight except for the pro-
pellants in the tanks. Propellants in the propellant lines,
hydraulic fluids, etc., are included in the "dry weight"
parameter,

Flight Control (programmer) is considered to be contained
in the AFME for the present analysis.

Computational cycle is the "number of looks-per-second"
by the computer simulation.

Velocity criteria is a preset value in the guidance system
(AFME), to command thrust termination when vehicle
velocity equals velocity criteria.

Figure D-12. Parameter Descriptions (2 of 2)
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STA 63

X VERNIER |
L STA 232
: = STA 525
SUSTAINER )l( VERNIER 2
. STA 645
o T~——RATE GYROS
LOX
TANK
!
A @
//’“\\\ P \\
______ ] ALM__sTa 960
u FUEL TANK
| STA 1133
NOTE:
STA NUMBERS
ARE IN INCHES. STA 1280

Figure D-14. SLVS Station Identification
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LAUNCH VEHICLE RELIABILITY

In the reliability simulation phase of the Study Launch Vehicle System
Analysis, the Flight Control Subsystem (Section 2, Figure D-3) was
partitioned into four equipments;

Autopilot,

Excitation Transformer,
Programmer, and
Cabling.

oo

The autopilot at the equipment level was further partitioned into three
components. A diagram of the SLVS which shows this augmented
system definition appears in Figure D-15. These additional details
of the system were included for two reasons;

a. To demonstrate the "nesting" procedure (Appendix B,
Section 3. 2) to a greater degree;

b. To show that uniform subsystem levels are not required
in the simulation and analysis.

The information required for Reliability Simulation of the SLVS is
given by the SDA, the SMA, and numeric data. These facets of the
SLVS reliability simulation are discussed in the following sections.

4,1 SYSTEM DEFINITION ARRAY

As indicated in Appendix B, Volume II, a system to be modeled
by the Reliability Simulator must be defined by a System Definition
Array (SDA) which describes all the possible system states in a short-
hand form. This is accomplished by listing the allowed modes for each
element of the system in a single-row array, the columns of which
represent the respective elements in the system. Each element of
the system was defined to have one "failure' mode and one ''good"
mode. While the Simulator is capable of modeling systems with ele-
ments having many more than two modes, this decision was made to
keep the modeling relatively simple in order to provide verification of
the unified concept.

Each component of the system in Figure D-15 which is comprised of

elements at a lower functional level in the system, must be modeled
by the Reliability Simulator as a separate "system.' The model will
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be in the form of a computer program having the name of the element
modeled. The SDA's for the various system elements that must be
modeled are given below with the SLVS System Definition Array. The
subscript on each SDA entry signifies the element number. Note that
as far as the Simulator is concerned, the SLVS is composed of only
two elements, the First Stage (element 1) and Second Stage (element
2); both of these require further modeling from information supplied
for elements at lower system levels, While the element numbers are
sequential starting at '"1" for all the "systems, " the elements associ-
ated with the symbol may differ among systems. For example, ele-
ment "1" for "SLVS First Stage" is the ""Booster Propulsion" system,
while element "1'" for "1ST. STAGE FLIGHT CONTROL" is the "FLT.
CONT. CABLING., "

Functional Level* SDA
SYSTEM 1I 12
SLVS FIRST STAGE 1I 1‘,_131415 161718191|O 1I| 1l2 1|3

1ST. STG. FLT. CONTROL  1,1,1,1,
FLT. CONT, AUTOPILOT 11,1,

1.1

SLVS SECOND STAGE 11,1.1,

4.2 SYSTEM MODE ARRAY

In addition to the SDA, which describes all the possible system
states, another array (the Systems Mode Array, SMA) is required to
describe the subset of these states which constitutes the system mode
to be modeled.

*Defined by the indentation depth.
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It was determined early in the SLVS definition phase, that the reliability
simulation would be restricted to modeling the probability of only one
mode for the SLVS, which would be called the 'failure'" mode. The
system in Figure D-15 is referred to as a "'series system,' since failure
of any single component represented by a block in the figure will result
in the system reaching a failure state. Thus, the rows (submodes) of
the SMA for each "system" will be of order one. The SMA's corres-
ponding to the respective "system' SDA's are given below. The
supermode, A, , is used in the same manner as described in

Appendix B (Volume II) Section 2.1.1.

SLVS

SLVS FIRST STAGE
1182830,0505870g0g01 0871812073
8112838, 850607880581 007181 287 3
018213840506070880681 9811812813
818283144506870gA981 9011812013
81828384158687080981 001181207 3
8182838,451647050081 0011872073
810828384850617850901 081187207 3
810828384,A50687150901 0011812073
81828384 850687031907 00811812813
818283848586870g091) 0011812013
8182838,850607088981 171072413
01820838,8506078809870011112873

81828384 4506078g0981 901181213
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1ST STG. FLIGHT CONTROL

118,034,
A115454,
A1bp15A,

Abyhsly

FLIGHT CONTROL AUTOPILOT

114544
411044

Ayhpig

SLVS SECOND STAGE

118,838,
Aplobsdy
Ay1bp134y

AyBgbsly

4.3 DATA

Since reliability is a time dependent parameter, the SLVS
time sequence, or mission, has been defined as shown in Table D-I.
The Sequence of Events tabulation contains only "major' event/time
relations.

Unclassified flight data for the Atlas system served as the basis for
the SLVS first stage reliability data. Since these were flight data,
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Table D-I. Reliability Time Base

Abbreviated Sequence of Events

BOGY/RAM
Time

Seconds | Hours Event Function

0.0 |0,00000 | Lift-off (two-inch motion) Programmer
135. . 03750 Staging Discrete Command Guidance
136. . 03778 Booster Engines Cutoff Programmer
138, . 03833 Jettison Booster Section Programmer
264. .07347 Sustainer Engine Cutoff Guidance
280. 07772 Vernier Engines Cutoff Guidance
282. . 07839 Separation Discrete Command Guidance
322. . 08951 Fire Ullage Rockets RAM G &C
332. . 09222 Initiate RAM Burn RAM G &C
449, .12476 | RAM Engine Cutoff RAM G &C

N.B. - The events/time entries above are only

those necessary for use in the flight
reliability modeling and are not intended
to be representative for performance
analysis.
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each of the element environmental stress factors (K factor) for the
first stage elements is "1'" during the active state of the element.
After the point in time where the element function is no longer
needed, the associated K factor goes to zero, signifying that an
element failure would not be recognized during that time. The un-
classified data which served as the basis for the SLVS second stage
reliability data set were available only in generic form. Therefore,
the K factors for the second stage components are much larger than
those for the first stage components. Table D-II presents the stress
factors for each element of the SLVS.

The SDA and SMA are the basic information needed in order for the
Reliability Simulator to automatically generate a system model. How-
ever, in order to compute system probabilities, information must be
available concerning the element failure rates and the admissible modes
of the system elements.

These types of data exist in varied forms for equipment similar to the
SLVS components. A failure rate journal was developed from available
data, relating an ""element failure rate'' to each element of the SLVS
which required the exponential failure rate model. The pertinent reli-
ability data from the journal which follows were recorded on the Data
Transmittal Forms from which input tabulation cards were prepared.

4.3.1 MTBF DATA INPUTS

The following notes are applicable to the listings in Figure
D-16.

a. The MTBF DATA INPUTS is a catalog listing of manu-
facturer's data, showing Reliability Function Block iden-
tification number (RFB), component name, and MTBF.

b. The MTBF listing is used where failure rates are not
available.

c. The MTBF DATA INPUTS are processed to derive the ad-
justed failure rate inputs to the FAILURE RATE JOURNAL,

d. Inthe current listing, some of the entries have been postu-
lated, where manufacturer's data were not available.

e. These MTBF values are for flight environment.
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4.3.2

D-17 are:

C.

4,3.3

FAILURE RATE JOURNAL

The FAILURE RATE JOURNAL notes which apply to Figure

The FAILURE RATE JOURNAL is a catalog listing of reli-
ability information encompassing component RFB number,
component name, source of data, the applicable environ-
ment, and the failure rates for upper, mean, and lower
values. The failure rates are given per million hours.

The FAILURE RATE JOURNAL is used as a library for the
ELEMENT FAILURE RATES, where the element failure
rates are identified with the SLVS under consideration.

The mean failure rates cited are based upon realistic data.

The upper and lower failure rate values are synthetic, not

to be taken as realistic, and are included only for demonstra-
tion purposes. These values should not be relied upon for
any attempt at true evaluation of the system.

ELEMENT FAILURE RATES

The following notes refer to the listing of ELEMENT FAIL-

URE RATES:

a.

The ELEMENT FAILURE RATES (Figure D-18*)is a catalog
listing of the mean, upper, and lower failure rates for each
element of the SLVS. Failure rates for the components of
each element are listed by code, and the total failure rate
is given for each element.

The mean values of ELEMENT FAILURE RATES are based
upon realistic data, but the upper and lower values are
arbitrary.

*The individual elements shown in Figure D-18 are ordinarily printed
on separate pages, however, to conserve space, they have been com-

bined.
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‘ RRERERARBBRRRRBEERANRERS

BASED ON
MANUFACTURER®*S DATA
AR AR B R ARSI R B RRR NN

STAGE 1 - BOGY
REREAER AR RRAR R RN RN

RELIABILITY

FUNCTION COMPONENT MTBF
BLCCK

20 O VEHICLE AIRFRAME
20 1 SUSTAINER SECTICN 968.
20 2 BOOSTER SECTIOQON 672,
21 0 FLIGHT CONTROL
21 1 PROGRAMMER 37.6
21 2 AUTOPILCT
2 2 2 DISPL GYRO PACKAGE 11.6
21 2 3 SERVO AMPLS FILTERS §2.1
21 2 4 RATE GYRO PACKAGE 59.6
21 3 EXCITATION XFMR 242, 8
21 4 CABLING 375.5
23 0 VEHICLE PROP SYS
23 5 SUST VERNIER SUBSYS
23 5 1 SUSTAINER CHAMBER 29.6
23 5 2 SUST FUEL PRE-VALVE 112.0
23 5 3 VERNIER CHAMBERS 1115,
23 S5 4 FUEL PLUMBING 1001.2
23 5 6 MAIN LOX PRE-VALVE 34.5
23 5 8 MAIN LOX STAG VALVE 23.3
23 5 10 LOX PB AND FITTINGS 1501.9
23 5 12 VERN LOX PB AND FIT 600.7
23 S5 1y FUEL FILL CK VALV PB 3003.7
23 6 BOUSTER SUBSYSTEM
23 6 1 BOGSTER CHAMBERS 21.4
23 6 2 FUEL PREVALVE 112.0
23 6 4 MAIN FUEL STAGING VLV 116.1
23 6 6 FUtL PB AND FITTINGS 3003.7
23 6 8 LCX PB AND FITTINGS 3003.7
23 6 10 LCX A/B F AND D VALVE 28.3
23 6 12 FUEL A/B F AND D VALVE 112.0
24 0 VEHICLE SEPARATION SYS
24 1 BOGSTER SEPARATION SYS
24 1 2 EXPLOSIVE VALVES 196.7
24 1 4 HE DIST MANIFOLD 1230.
24 1 6 FITTINGS 10 156.
24 1 8 JETT TRACK INSTALL 620,
24 1 10 SLIDE INSTALL 470.
28 1 12 SUPPLY LINE 146,
25 O VEHICLE ELECT SYSTEM
25 1 1 MAIN 28 VDC BATTERY S54.9
25 2 115 VAC 400 CPS ROT IN 12.9
25 4 CABLING 300.4
25 5 DISTRIBUTION BOX 296. 4
25 6 JUNCTION BOX 312.2

Figure D-16. MTBF Data Inputs (1 of 2)
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26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
217
27
21

217
27
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Figure D-16.

VLH PNEU AND HYD SYS
PNEUMATIC SYSTEM
SUSTAINER PNEU SYSTEM
LCX BOIL-0FF VALVE

LCX TANK PRESS REG

LUX TANK PRESS REL VLV
LCX TANK PRESS MAN SOV
FULL TANK PRESS MAN
AMB HL STCRAGE BTL
STAGING DISC'S

LINE AND FITTINGS
CABLING AND WIRING
BCUSTER PNEU SYSTEM
FUEL TANK PRESS REG
FUEL TANK PRESS REL VA
AMB HEAT EXCHGR

HE STCRAGE BOTTLES 6
AMB HE STOR BTL SEP
LINES 7 FITTINGS
CABLING AND WIRING
BCOSTER HYD SYSTEM

HYD FLUID TANK
HYDRAULIC PUMP
ACCUMULATOR

MAIN DIST MANIFOLD
SUPPLY MANIFOLD

RETURN MANIFOLD
BOOSTER ACTUATOR ASSEM
PB VALVES AND FILTERS
RISE~-CFF DISC

HYD BLEED FITTINGS
CABLING

SUST HYD SYSTEM

HYD FLUID TANK
HYDRAULIC PUMP

SUPPLY MANIFOLD

RETURN MANIFOLD

SUST ACTUATOR ASSEM
STAGING DISC-SUST HALF
STAG CISC BOOST HALF
VERNIER/SCLO ACCUM MAN
INBD VERN ACTUATOR
QUTBD VERN ACTUATOR
VERN/SOLO ACCUM

PB VALVES AND FILTERS
RISE-CFF DISC

CABLING

PRUP UTIL AND LEV CONT
PRUP UTIL SYSTEM
COMPUTER ASSEMBLY

LOX STILLWELL ASSEMBLY
FULL STILLWELL ASSY
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MTBF Data Inputs (2 of 2)

30.8
24,5
924.5
3003.7
3003.7
3003.7
1001.2
3003.7
3003.7

924.5

924.5

3003.7
3003.7
3003.7
3003.7
3003.7

3003.7
3.3
36.2
3003.7
3003.7
3003.8
60.3
750.9
3003.7

3003.7

3003.7
6.4
3003.7
3003.7
68.4
3003.7
3003.7
3003.7
26.1
45.0
320.8
3003.7
3003.7
3003.7

1680.

3003.7
3003.7




9

4 20 2

3

20

21

ELEMENT
. ] » » . * . * * »

1 SUSTAINER AIRFRAME
SOURCE

[P—

ENVIRONMENT =

FAILURE RATE
UPPER EXTREME
MEAN VALUE
LOWER EXTREME

BOOSTER AIRFRAME
SOURCE

ENVIRONMENT =

FAILURE RATE
UPPER EXTREME
MEAN VALUE
LOWER EXTREME

1 PROGRAMMER
SOURCE

-

ENVIRONMENT =

FAILURE RATE
UPPER EXTREME
MEAN VALUE
LOWER EXTREME

Figure D-117.

Failure Rate Journal (1 of 30)
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RIPPR

12-1-63

FLIGHT TRIAL

4890.
1033,
90u.

RIPPR 12-1-63

FLIGHT TRIAL

6117,
1488.
1334,

RIPPR 12-1-63

FLIGHT TRIAL

L6166,
26596,
25943,



3

2)

21

21

2

2

- e wm e o e me wm e wm e wmm  wm e e e em  wm Wm a e am e e

- e e e am wm e am e wr e we wm ws we @ e W W wm  wm e = -

3

N

DISPL GYRO PACKAGE

SERVO AMPLS FILTERS

RATE GYRO PACKAGE

EXCITATION XFMR

SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL
FAILURE RATE
UPPER EXTREME 121440,
MEAN VALUE 86207.
LOWER EXTREME 85032.

SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 42247,
MEAN VALUE 23753.
LOWER EXTREME 23136,

SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 32322.
MEAN VALUE 16779.
LOWER EXTREME 16260.

SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 11820.
MEAN VALUE B119.
LOWER EXTREME 3862.

Figure D-17. Failure Rate Journal (2 of 30)
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T 21

6 23 5 1
6 23 5 2
623 5 3

CABLING

SUSTAINER CHAMBER

SUST FUEL PRE-VALVE

-

VERNIER CHAMBERS

SOURCE -
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE
UPPER EXTREME
MEAN VALUE
LOWER EXTREME

SOURCE —--
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE
UPPER EXTREME

M AM LAt I
it Ml YALUL

LOWER EXTREME

SOURCE -
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE
UPPER EXTREME

MICAM \JA1 IIC
FMCANN VALV

LOWER EXTREME

SOURCE -
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE
UPPER EXTREME
MEAN VALUE
LOWER EXTREME

Figure D-17. Failure Rate Journal (3 of 30)
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5 4
5 6
5 8
5 10

FUEL PLUMBING

MAIN LOX PRE-VALVE

MAIN LOX STAG VALVE

LOX PB AND FITTINGS

SOURCE -

ENVIRONMENT = FLIGHT TRIAL
FAILURE RATE

UPPER EXTREME

MEAN VALUE

LOWER EXTREME

SOURCE -

ENVIRONMENT = FLIGHT TRIAL
FAILURE RATE

UPPER EXTREME

MEAN VALUE

LOWER EXTREME

SOURCE -

ENVIRONMENT = FLIGHT TRIAL
FAILURE RATE

UPPER EXTREME

MEAN VALUE

LOWER EXTREME

SOURCE -
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE
UPPER EXTREME
MEAN VALUE
LOWER EXTREME

Figure D-17. Failure Rate Journal (4 of 30)
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6 23 5 12 VERN LOX PB AND FIT
6 23 S 14 FUEL FILL CK VALV PB
123 6 1 BOOSTER CHAMBERS
123 6 2 FUEL PREVALVE

Figure D-17.
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- e e e e e wm e e .

SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 6561.
MEAN VALUE 1665.
LOWER EXTREME 1502.

SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE
UPPER EXTREME 2522.

222
MEAN VALUE

JIIe
LOWER EXTREME 260.

SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 72669.
MEAN VALUE 46729.
LOWER EXTREME 45864,

SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 20268,
MEAN VALUE 8929,
LOWER EXTREME 8551,

Failure Rate Journal (5 of 30)
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123 6 & MAIN FUEL STAGING VLV
SOURCE == RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 19750.
MEAN VALUE 8613,
LOWER EXTREME 8242,
123 6 6 FUEL PB AND FITTINGS
SOURCE -- RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
123 6 8 LOX PB AND FITTINGS
SOURCE -- RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
1 23 6 10 LOX A/B8 F AND D VALVE
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 57893.
MEAN VALUE 35336.
LOWER EXTREME 34584,
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1 23 6 12 FUEL A/B F AND D VALVE
SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL
FAILURE RATE
UPPER EXTREME 20268.
MEAN VALUE 8929.
LOWER EXTREME 8551,
524 1 2 EXPLOSIVE VALVES
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 13640.
MEAN VALUL 5084.
LOWER EXTREME 4L799.
524 1 4 HE DIST MANIFOLD
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 4235.
MEAN VALUE 813.
LOWER EXTREME 699,
524 1 6 FITTINGS 10
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 16018,
MEAN VALUE 6410,
LOWER EXTREME 6090.
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524 1 8 JETT TRACK INSTALL
SOURCE -

RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 6432,
MEAN VALUE 1613.
LOWER EXTREME 1452,
524 110 SLIDE INSTALL
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 7663.
MEAN VALUE 2128.
LOWER EXTREME 1943,
524 1 12 SUPPLY LINE
SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL
FAILURE RATE
UPPER EXTREME 16781.
MEAN VALUE 6849,
LOWER EXTREME 6518.
125 1 1 MAIN 28 VDC BATTERY
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 34410,
MEAN VALUE 18215.
LOWER EXTREME 17675.

Figure D-17. Failure Rate Journal (8 of 30)

D-66




11 25

11 25

11 25

y

5

6

- v e e we e e am e wm wm e e e e

- s e @ wm e e mw ae e wm  me

115 VAC 400 CPS ROT IN

CABLING

DISTRIBUTION BOX

JUNCTION 80X

SOURCE - RIPPR 12-1-63
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FAILURE RATE
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SOURCE ~ -- RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL
FAILURE RATE
UPPER EXTREME 10252.
MEAN VALUE 3329.
LOWER EXTREME 3098.

SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 10344,
MEAN VALUE 3374,
LOWER EXTREME 34,

SOURCE -- RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL
FAILURE RATE
UPPER EXTREME 9995.
MEAN VALUE 3203.
LOWER EXTREME 2977,

Figure D-17. Failure Rate Journal (9 of 30)

D-67



- wm em e wm ms wm we e e e ae wm ee e wm  wm ae om Ww e ae = -

- aw m G we Wm ws e wp wmm em e W em  wr  wn e wm an av e W W =

10 26 1 1 4 LOX BOIL-OFF VALVE
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 54090.
MEAN VALUE 32468.
LOWER EXTREME 31747,
10 26 VY 1 6 LOX TANK PRESS REG
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 5028.
MEAN VALUE 1082.
LOWER EXTREME 950.
10 26 1 1 8 LOX TANK PRESS REL VLV
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 5028.
MEAN VALUE 1082.
LOWER EXTREME 950.
10 26 1 1 11 LOX TANK PRESS MAN SOV
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
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10 26 1 1 15 FUEL TANK PRESS MAN
SOURCE -— RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
10 26 1 1 20 AMB HE STORAGE BTL
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VAL UF 232,
LOWER EXTREME 260.
10 26 1 1 24 STAGING DISC*S
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 4791.
MEAN VALUE 999.
LOWER EXTREME 872.
10 26 1 1 26 LINE AND FITTINGS
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
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10 26 1 1 30 CABLING AND WIRING
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
2 26 1 2 4 FUEL TANK PRESS REG
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 5028.
MEAN VALUE 1082.
LOWER EXTREME 950.
2 26 1 2 5 FUEL TANK PRESS REL VA
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 5028.
MEAN VALUE 1082.
LOWER EXTREME 950.
2 26 1 2 16 AMB HEAT EXCHGR
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
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SOURCE - RIPPR 12~1-63
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.

MEAN VALUE 333.

LOWER EXTREME 260.
SOURCE -- RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FATLURE RATE

UPPER EXTREME 2522,

MEAN VALUE 323,

LOWER EXTREME 260.
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.

MEAN VALUE 333.

LOWER EXTREME 260.
SOURCE -- RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
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Figure D-117.

TANK
SOURCE -- RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL
FAILURE RATE
UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
PUMP
SOURCE -- RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL
FAILURE RATE
UPPER EXTREME 369088.
MEAN VALUE 303030.
LOWER EXTREME 300828.
R
SOURCE -- RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL
FAILURE RATE
UPPER EXTREME 47569.
MEAN VALUE 27624,
LOWER EXTREME 26959.
MANIFOLO
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
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SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.

MEAN VALUE 333.

LOWER EXTREME 260.
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.

MLAN VALUE 333.

LOWER EXTREME 260.
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 32037.

MEAN VALUE 16584,

LOWER EXTREME 16069.
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 5711,
MEAN VALUE 1332,
LOWER EXTREME 1186,
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326 2 ) 4 RISE-OFF DISC
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
326 2 1 18 CABLING
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
7T 26 2 2 2 HYD FLUID TANK
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
7 26 2 2 4 HYDRAULIC PUMP
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 203684,
MEAN VALUE 156250.
LOWER EXTREME 154669.
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SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522,
MEAN VALUE 333.
LOWER EXTREME 260.

SOURCE -- RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL
FAILURE RATE

UPPER EXTREME 2522,
MEAN VAL UE 222

----- e A

LOWER EXTREME 260,

SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 29129.
MEAN VALUE 14620.
LOWER EXTREME 14136,

SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
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SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
7T 26 2 2 18 VERNIER/SOLO ACCUM MAN
SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL
FAILURE RATE
UPPER EXTREME 2522.
MEAN VALUE 333,
LOWER EXTREME 260.
7 26 2 2 20 INBD VERN ACTUATOR
SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL
FAILURE RATE
UPPER EXTREME 61803.
MEAN VALUE 38314,
LCWER EXTREME 37531,
7T 26 2 2 21 0UTBD VERN ACTUATOR
SOURCE - RIPPR 12-1-63
ENVIRONMENT = FLIGHT TRIAL
FAILURE RATE
UPPER EXTREME 40111.
MEAN VALUE 22222.
LOWER EXTREME 21626.
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7T 26 2 2 22 VERN/SOLO ACCUM

SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE
UPPER EXTREME
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LOWER EXTREME
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SOURCE -
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FAILURE RATE
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Figure D-117.
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FAILURE RATE
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MEAN VALUE
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8 27 1 4 LOX STILLWELL ASSEMBLY
SOURCL - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
8 27 1 6 FUEL STILLWELL ASSY
SOURCE -- RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 2522.
MEAN VALUE 333.
LOWER EXTREME 260.
8 27 1 2 COMPUTER ASSEMBLY
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 3523.
MEAN VALUE 595.
LOWER EXTREME L498.
12 GUIDANCE
SOURCE - RIPPR 12-1-63

ENVIRONMENT = FLIGHT TRIAL

FAILURE RATE

UPPER EXTREME 3873.
MEAN VALUE 699.
LOWER EXTREME 594,
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RFB ELEMENT
* * * * * * * * L *
1 STRUCTURE
SOURCE - UNSPECIFIED
ENVIRONMENT = BENCH
FAILURE RATE
UPPER EXTREME 521.
MEAN VALUE 59.
LOWER EXTREME 28.
2 PIN PULLERS
SOURCE - UNSPECIFIED
ENVIRONMENT = BENCH
FAILURE RATE
UPPER EXTREME 1361,
MEAN VALUE 308.
LOWER EXTREME 238.
1 ENGINL
SOURCE - UNSPECIFIED
ENVIRONMENT = BENCH
FAILURE RATE
UPPLR EXTREME 1879.
MEAN VALUE Slé6.
LOWER EXTREME 42S.
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ULLAGE ROCKETS
SOURCE -- UNSPECIFIED

ENVIRONMENT = BENCH

FAILURE RATE

UPPER EXTREME 1602.
MEAN VALUE 40l1.
LOWER EXTREME 321.
BSTR RETRO
SOURCE - UNSPECIFIED

ENVIRONMENT = BENCH

FAILURE RATE

UPPER EXTREME 534.
MEAN VALUE 62.
LOWER EXTREME 3.
RETRO MANEUVER ROCKET
SOURCE - UNSPECIFIED

ENVIRONMENT = BENCH

FAILURE RATE

UPPER EXTREME 1602.
MEAN VALUE 401.
LOWER EXTREME 321.
PROP FEED/LOAD
SOURCE - UNSPECIFIED

ENVIRONMENT = BENCH

FAILURE RATE

UPPER EXTREME 4oL,
MEAN VALUE S5h.
LOWER EXTREME 24,
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3 3 2 SEC BATTERY
‘ SOURCE - UNSPECIFIED
ENVIRONMENT = BENCH
FAILURE RATE
UPPER EXTREME 479.
MEAN VALUE 51.
LOWER EXTREME 22.
3 3 3 TRANSFER SWITCH
SOURCE -- UNSPECIFIED
ENVIRONMENT = BENCH
FAILURE RATE
UPPER EXTREME 431,
MEAN VALUE 2.
LOWER EXTREME 16.
3 3 4 FIL TRANSFORMER
SOURCE -- UNSPECIFIED
ENVIRONMENT = BENCH
FAILURE RATE
UPPER EXTREME 410.
MEAN VALUE 38.
LOWER EXTREME 14,
3 3 5 PCWER SUPPLY
SOURCE - UNSPECIFIED

ENVIRONMENT = BENCH

FAILURE RATE

UPPER EXTREME 368.
MEAN VALUE 3.
LOWER EXTREME 9.
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SOURCE -= UNSPECIFIED
ENVIRCNMENT = BENCH
FAILURE RATE
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LOWER EXTREME 172,
SOURCE - UNSPECIFIED
ENVIRONMENT = BENCH
FAILURE RATE
UPPER EXTREME 2074,
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ENVIRONMENT = BENCH
FAILURE RATE
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PRIMARY TIMER
SOURCE - UNSPECIFIED

ENVIRONMENT = BENCH

FAILURE RATE

UPPER EXTREME 844,
MEAN VALUE 138.
LOWER EXTREME 9t.
SECONDARY TIMER
SOURCE - UNSPECIFIED

ENVIRONMENT = BENCH

FAILURE RATE

UPPER EXTREME 84k,
MEAN VALUE 138.
LOWER EXTREME 91.
HYD PACKAGE
SOURCE -- UNSPECIFIED

ENVIRONMENT = BENCH

FAILURE RATE

UPPER EXTREME 52000.
MEAN VALUE 40000.
LOWER EXTREME 39200.
HYD ACTUATOR
SOURCE - UNSPECIFIED

ENVIRONMENT = BENCH

FAILURE RATE

UPPER EXTREME 4195,
MEAN VALUE 1712,
LOWER EXTREME 1546.
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ENVIRONMENT = BENCH
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SOURCE - UNSPECIFIED
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FAILURE RATE
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LOWER EXTREME 169.
SUN DETECTOR
SOURCE - UNSPECIFIED

ENVIRONMENT = BENCH
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SOURCE - UNSPECIFIED
ENVIRONMENT = BENCH
FAILURE RATE
UPPER EXTREME 685.
MEAN VALUE 96.
LOWER EXTREME 57.
J-80X,SEC
SOURCE - UNSPECIFIED

ENVIRONMENT = BENCH

FAILURE RATE

UPPER EXTREME 5u9.
MEAN VALUE 65.
LCWER EXTREME 33.

Figure D-17. Failure Rate Journal (30 of 30)
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BOGY

BCCSTER PROPULSICN
FAILURE RATES

UPPER MEAN LOWER
23 6 12669. 46729. 45864,
23 6 2 20268. 8929. 8551.
23 6 4 19750. 8613, 8242,
23 6 6 2522, 333, 260.
23 6 8 2522. 333. 260,
23 6 10 57893. 3533¢6. 34584,
23 6 12 20268. 8929. 8551.
SUM 195892, 109201, 106311,

BOCSTER PNEUMATICS
FAILURE RATES

UPPER MEAN LOWER
26 1 2 u 5028. 1082. 950.
26 1 2 5 5028. 1082. 950.
26 1 2 16 2522, 333, 260.
26 1 2 i8 2522. 333. 260.
26 1 2 20 2522, 333. 260.
26 1 2 26 2522, 333. 260,
26 1V 2 32 2522. 333. 260.
SUM 22669, 3828. 3200.

BOOSTER HYDKAULICS
FAILURE RATES

UPPER MEAN LOWER
26 2 1 2 2522. 333. 260.
26 2 1 4 369088. 3C03030. 300828,
26 2 1 6 47569. 27624, 26959,
26 2 1 71 2522. 333. 260.
26 2 1 8 2522. 333. 260.
26 2 1 9 2522. 333. 260,
26 2 110 32037. 16584, 16069,
26 2 1 12 5711, 1332, 1186,
26 2 1 14 2522, 333. 260.
26 2 1 18 2522. 333, 260.
SUM 469539, 350567, 346602,

Figure D-18. SLVS Model-Element Failure Rate (1 of 6)
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BOGY

PROPELLANT UTILIZATION

27 1
27
<t 1

o~EN

SUM =

ELECTRICAL

25
25
25
25
25

O NN

SUM =
GUIDANCE

SUM =
FLIGHT CONTROL

21
21
21
21
21
21

NN e &
FWN

SUM =

FAILURE RATES
MEAN

UPPER
3523,
2522.
2522.

8568,

FAILURE RATES
MEAN

UPPER

34410.
110930.
10252.
10344,
9995.

175932.

FAILURE RATES

UPPER
3873,
3873.

FAILURE RATES
MEAN

UPPER

8856.
11820.
46166,

121440.
B2247,
32322,

262851,

595.
333.
333.

1261,

18215,
77519,
3329.
3374,
3203,

105640.

MEAN

699.

699.

2663.
4119,
26596.
86207.
23753,
16779,

160116,

Figure D-18. SLVS Model-Element Failure Rate (4 of 6)
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LOWER
498,
260.
260,

1017,

LOWER

17675,
T6406.
3098,
3141,
2977,

103297.

LOWER
594.

594,

LOWER

2457,
3862,
25943,
85032.
23137,
16260.

156691,




SeSe B — PROPULSION, RAM

RO PONODNONON
DN UVNTWN —

SUM =

RAM

FAILURE RATES

UPPER

520.8
1361.0

1881.8

FAILURE RATES

1878.9
1602.5
534.4
1602.5
493.9
642.0
427.5
435.3

7617.0

MEAN

59.2
308.0

367.2

1603.9

Figure D-18. SLVS Model-Element Failure Rate (5 of 6)
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28.4
237.8

266,2

LOWER

425.1
320.9
30.5
320.9
2h .5
48.8
15.7
16.6
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SeSe.

Figure D-18.
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SUM

RAM
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FEFErEFFEFrFEFssEFEErEFE

SUM =

RAM

FAILURE RATES

UPPER

425.2
479.5
430.8
410.2
3¢67.6
442.0
L8y, 7
W63.7
371.4
367.6
386.9
385.1
901.3

5916.0

FAILURE RATES

UPPER

1749.3
1148.9
2074,
1322.8
843.9
843.9
52000.0
4194, 6
465.8
587.9
1139.9
417.2
684.7
548.7

68021.7

MEAN

41.0
51.0
42.0
38.4
1.4
44.0
52.0
48.0
32.0
1.4
34.5
34.2
154.8

634.7

MEAN

461.0
233.0
602.0
294.0
138.3
138.3
40000.0
1712.0
48.u4
73.5
230.0
39.6
96.2
65.0

4yl131.3

SLVS Model-Element Failure Rate (6 of 6)
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375.1
171.9
503.9
225.4
91.3
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39200.0
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20.6
39.2
169.3
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32.8

42538.6




LAUNCH VEHICLE ECONOMICS

In order to apply the PRESTO concept to a launch vehicle system, models
must be developed describing the system performance, reliability, and
economics in terms of certain independent parameters of the system. In
addition, some of the parameters must be common to all of the models in
order that optimization of one of these three system attributes can be
performed against certain constraints on the others. Due to difficulties
discussed in this final report in producing a working performance sim-
ulator, no performance considerations could be made in the unified
concept verification and no performance parameters appear in the
mathematical models. The system economics simulation was thus limited
to only cost-reliability considerations.

5.1 LAUNCH VEHICLE COST CONSIDERATIONS

The approach taken in modeling the SLVS system economics was
to determine a cost function which relates cost to failure rate for every
basic element. The cost of a system element which is made up of ele-
costs of the constituent elements.
Section 5. 2. 1. 3 of Volume I of this final report discusses the develop-

ment of the mathematical model used for the element cost functions.
The equation is repeated below.

i'" Element Cost =

+ C; (X = failure rate)

This model has three parameters that must be determined in order to
uniquely define the function for a given element. Three sets of data
were determined relating a minimum, nominal, and maximum element
failure rate to the corresponding costs. The minimum cost thus de-
termined at the maximum element failure rate was the value of ""C" for
the element. Simultaneous solution of the two equations resulting from
substituting the minimum and nominal points into the above equation,
provided unique values of "A'" and "B'" for each element.

The cost of a system element is obviously affected by a multitude of
parameters. In order to facilitate the collection of element cost data,
these parameters were '""lumped" into categories which can be asso-
ciated with cost expenditures at various levels in the cycle from
"build' to "use' in the launch vehicle. These categories and their
definitions are given below.
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CATEGORIES

Hardware Cost

Assembly Cost

Shipping to Launch Site Cost
Inspection and Acceptance Cost
Integration Cost

Checkout Cost

DEFINITIONS

Hardware Cost - The sum of all costs accrued to the time an
element is manufactured and deemed acceptable.

Assembly Cost - The cost associated in mating a given element
with the rest of the system.

Ship-to-Site Cost - The total cost incurred in moving the
element from the contractor' s facility to the assembly site
of the system.

Inspection and Acceptance Cost - The cost incurred at the
assembly site as a result of a need to assure the integrity
of the element.

Integration Costs - The element cost resulting from the need
to assure that all the individual elements are operating to-
gether as a complete system. A typical integration cost
would be that associated with assuring that a specific com-
mand signal generated within the guidance system does in
fact reach the proper point in the propulsion subsystem, and
that it does not appear elsewhere. A large portion of these
costs are accrued "'on the pad. "

Checkout Cost - The cost of interfacing the launch vehicle
elements and the ground equipment.

DATA

A COST JOURNAL was developed from available data, estab-
lishing a cost value for each category.

COST JOURNAL

Figure D-19 constitutes the COST JOURNAL, with the

following applicable notes:
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5.2.2

The COST JOURNAL is a listing of the costs associated with
the mean failure rates as given in the Element Failure Rates
list.

The cost values given for the mean failure rates cannot be
supported by documentation, and should not be relied upon
for any true analysis of system cost.

The ratio of cost values shown, (such as "hardware cost vs.
total cost') were generated largely through the use of trade
publications. No serious attempt has been made to certify
the validity of these ratios.

The values given in the COST JOURNAL entries are in
dollars.

ELEMENT COST Vs, FAILURE RATES Schedule

The three sets of data for each element, required to define

the element cost function were recorded in an Element Cost vs. Failure
Rate Schedule (Figure D-20). The following notes are applicable.

The ELEMENT COST vs. FAILURE RATES schedule is a
listing of each system element, showing the three failure
rate values, and provision for the two cost factors of
Hardware and total Element Cost.

The COST JOURNAL provides six element cost categories,
however, only the Hardware factor and the total Element
Cost are included in the ELEMENT COST vs. FAILURE
RATES schedule. This was done for simplicity.

The cost values entered for the upper and lower extremes

on failure rates were arbitrarily derived from the nominal
cost values, and are not necessarily realistic.
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BOCSTER PROPULSION
HARDWARE
ASSEMBLE
SHIP TO SITt
INSPECT/ACCEPT
INTEGRATE
CHECKOUT AND LAUNCH
ELEMENT CAOST =
BOOSTER PNEUMATICS
HARDWARE
ASSEMBLE
SHIP TC SITE
INSPECT/ACCEPT
INTEGRATE
CHECKOUT AND LAUNCH
ELEMENT COST =
BOOSTER HYDRAULICS
HARDWARE
ASSEMBLE
SHIP TO SITE
INSPECT/ACCEPT
INTEGRATE
CHECKOUT AND LAUNCH
ELEMENT COST =
BOCSTER AIRFRAME
HARDWARE
ASSEMBLE
SHIP TO SITE
INSPECT/ACCEPT
INTEGRATE
CHECKOUT AND LAUNCH
ELEMENT CCST =

BOOSTER SLPARATION
HARDWARE
ASSEMBLE
SHIP TO SITE
INSPECT/ACCEPT
INTEGRATE
CHECKOUT AND LAUNCH
ELEMENT COST =
SUSTAINER PROPULSION
HARDWARE
ASSEMBLE
SHIP TC SITE
INSPECT/ACCEPT
INTEGRATE
CHECKOUT AND LAUNCH
ELEMENT COST =

902805.
361621,

37409.
289297,
361621,
541184,

2493936,

26984,
10808.

1118,

86ut.
10808,
16175,
74541,

39265,
15728,
1627,
12582.
15728.
23538.
108468,

91270.
36558,
3782.
29247.
36558.
SuTi1t.
252126,

27726,
11106.

1149,

8884,
11106.
16620.
76590,

601870.
241080.

24939.
192864,
241080.
360789.

1662624,

Figure D-19. SLVS Journal, Costs For

Mean Failure Rate (Sheet 1 of 4)
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10

11

12

SUSTAINER HYDRAULICS
HARDWARE
ASSEMBLE
SHIP TC SITE
INSPECT/ACCEPT
INTEGRATE
CHECKOUT AND LAUNCH

ELEMENT COST =

SUSTAINER AIRFRAME
HARDWARE
ASSEMBLE
SHIP TOo SITL
INSPECT/ACCEPT
INTEGRATE
CHECKOUT AND LAUNCH

ELEMENT COST =

SUSTAINER PNEUMATICS
HARDWARE
ASSEMBLE
SHIP TO SITE
INSPECT/ACCEPT
INTEGRATE
CHECKOUT AND LAUNCH

ELEMENT COST =

PROPELLANT UTILIZATION
HARDWARE
ASSEMBLE
SHIP TC SITE
INSPECT/ACCEPT
INTEGRATE
CHECKOUT AND LAUNCH

ELEMENT COST =

LLECTRICAL

HARDWARE

ASSEMBLE

SHIP TC SITE

INSPECT/ACCEPT

INTEGRATE

CHECKOUT AND LAUNCH
ELEMENT CCST =

GUIDANCE

HARDWARE

ASSEMBLE

SHIP TO SITE

INSPECT/ACCEPT

INTEGRATE

CHECKOUT AND LAUNCH
ELEMENT COST =

Figure D-19. SLVS Journal, Costs For

Mean Failure Rate (Sheet 2 of 4)
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261177,
10485,

1085.

8388,
10485,
15692.
72312.

162257,

64992,

6723,
51994,
64992,
97265.

448224,

42205,
16905.

1749,
13524,
16905,
25300.

116589,

33970.
13607,

1408,
10885,
13607,
20363,
93840.

50456,
20210.

2091.
16168,
20210,
30245,

139380.

203321,

81441,

8425,
65153,
81441,

121880,
561660.



C CABLING

HARDWARE 6664,
ASSEMBLE 2669,
SHIP TO SITE 276,
INSPECT/ACCEPTY 2135,
INTEGRATE 2669,
CHLCKOUT AND LAUNCH 3995.
ELEMENT COST = 18409,
FC EXCITATICON TRANSF.
HARDWARE 113,
ASSEMBLE 45.
SHIP TO SITE 5.
INSPECT/ACCLPT 36.
INTEGRATE us.
CHECKOUT AND LAUNCH 68.
ELEMENT COST = 312.
FC PROGRAMMER
HARDWARE 21908,
ASSEMBLE 8775.
SHIP TO SITE 908.
INSPECT/ACCEPT 7020.
INTEGRATE 8775.
CHECKOUT AND LAUNCH 13132.
ELEMENT COST = 60518.
AP DISPLACEMENT GYRO
HARDWARE 84730,
ASSEMBLE 33939.
SHIP TO SITE 3511,
INSPECT/ACCEPT 27151,
INTEGRATE 33939,
CHECKOUT AND LAUNCH 50791.
ELEMENT COST = 234062,
AP SERVO AMPL/FILTERS
HARDWARE 104527,
ASSEMBLE 41869
SHIP TC SITE 4331,
INSPECT/ACCEPT 33495,
INTEGRATE 41869,
CHECKOUT AND LAUNCH 62659.
ELEMENT COST = 288749,
AP RATE GYRO
HARDWARE 74700,
ASSEMBLE 29921.
SHIP TO SITE 3095.
INSPECT/ACCEPTY 23937,
INTEGRATE 29921,
CHECKOUT AND LAUNCH uy 779,
ELEMENT CoSsT = 206354,

Figure D-19. SLVS Journal, Costs For
Mean Failure Rate (Sheet 3 of 4)
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S.S.

AIRFRAME,
HARDWARE
ASSEMBLE

RAM

SHIP 10O SITE
INSPECT/ACCEPT

INTEGRATE
CHECKOUT AND LAUNCH
ELEMENT CCST

PROPULSIONy RAM

HARDWARE
ASSEMBLE

SHIP TgQ SITE
INSPECT/ACCEPT

INTEGRATE
CHECKOUT AND LAUNCH
ELEMENT CGST

ELECTRICAL, RAM

HARDWARE
ASSEMBLE

SHIP TC SITE
INSPECT/ACCEPT

INTEGRATE
CHECKOUT AND LAUNCH
ELEMENT COST

GUID/CONTL, RAM

HARDWARE
ASSEMBLE

SHIP TO SITE
INSPECT/ACCEPT

INTEGRATE
CHECKQUT AND LAUNCH
ELEMENT COST

-

115498,
L6263,
4786,
37010.
46263,
69235,
319056,

690725,
276672,
28621.
221337,
276672,
414053,
1908080,

237179.
9525.
985.
7620,
9525.
14254,
65688.

302334,
121101,

12528.

96880,
121101,
181233,
835176.

Figure D-19. SLVS Journal, Costs For
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BCCSTER PROPULSICN
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. # FAILURE ] HARDWARE = ELEMENT .
" VALUL * RATE * cosT » cosr .
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BOOSTER SEPARATION
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Figure D-20. Element Cost Vs. Failure Rate
(Sheet 1 of 5)
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SUSTAINER PRQOPULSION
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Figure D-20. Element Cost Vs. Failure Rate
(Sheet 2 of 5)
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‘ 1 INTRODUCTION

SCORE, an acronym for the expression: ''Systematic Construction of an
Optimum Regression Equation”, is a program developed by LSI for use
on this and similar projects. The concepts around which this program
has been constructed are discussed in Section 2 following.

For use in systems analysis, information concerning the parameter
relationships of an existing physical phenomenon is often presented in

' the form of bulk data (e.g., data obtained through use of a Monte Carlo

| approach to system analysis). This fact makes it difficult and often
impractical to use such information effectively. The problem is

| alleviated, however, through the judicious use of regression techniques.

A regression analysis, beginning with given, consistent data on a set of
parameters, proceeds to generate an analytical expression describing
the behavior of one parameter, the dependent variable, in terms of the
remaining parameters, the independent variables, and their interactions.

The regression analysis program is based on the Stepwise Regression

with Simple Learning digital computer program developed at the University
of Michigan. This is a unique approach to multiple regression curve
fitting of data in that the terms of the equation are generated by the
program.
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REGRESSION TECHNIQUES

2.1 LINEAR REGRESSION

Data consisting of two variables is discussed first since the
curve fitting approach may be illustrated easily by means of a plot.
Then follows a discussion of data consisting of many variables
wherein the process will be shown to be an extension of that used
for two variables.

2.1.1 Two Dimensional

If a set of data consisting of corresponding values of two
variables, say x and y, is given, the problem is to find an approxi-
mating curve which describes the relationship between the two.

2.1.1.1 Straight Line

The simplest type of approximating curve is a straight
line, whose equation can be written:

y = aj+ta x. Eq. 1

For the case where only two data points are involved, this expression
will give an exact fit. However, since many data points are generally
given, a straight line relationship is not likely to provide an exact

fit. It then becomes a matter of finding the '"best' straight line
passing through the data points.

In order to establish a criterion for a '"best' fit, consider the plot

of x vs. y in FigureE-1. For a given value of X, say x, , there
will be a difference between the value y, and the corresponding

value as determined from the straight line L. As noted in Figure

E-1, this difference is denoted by d, , which is often referred to

as a deviation, error, or residual and which may be positive, negative,
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Figure E-1. Linear Approximation for a Set of Data Points

or zero. A measure of the '"goodness of fit"" of the line L to the given
data is provided by the quantity

A= d|2+d22+...+dN2 Eq. 2

where N is the number of points in the data set.

If this quantity is small, the fit is good, if it is large, the fit is poor.
The line which minimizes this quantity for a given data set will be
called the best straight line in the "'least squares' sense or the
least squares line.
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The method used to compute a, and ag for this least squares line is ‘
developed as follows. Expressing Equation 2 in terms of the line itself
and the data points gives:

2 2
A= (y, -2,-3, %) +(y,-2,-2, X,) +...+

2

Eq. 3

It is desired to find values for a, and a, such that A is a minimum.
Therefore, the following equations must be satisfied:

- FAN

9a, 0, Eq. 4
0A

Ze - 0 Eq. 5
da, 4

Investigation of the second partials shows these conditions to be sufficient
for a minimum.

Substituting Equation 3 into Equations 4 and 5 gives:

2@, -20-2,%)(-%x)+2((y,-2a,-23,X%,) (-x,) +..0 +

Eq. 6
2, -ag-2, x)(-x) = 0.

2@y, ~ag-2a,x)(-1)+2 (v, - ag - 2, Xz)('1)+"' +

Z(yN-ao—a,xN)(-l) = 0.
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Collecting coefficients of a,| and a, gives, for Equation 6:
a, (2 x|2+2 x22+... +2xN2) +
ag(@x, +2x,+... +2x) + Eq. 8

(-le yl"ZXzyZ"..o“szyN) = 0.

and for Equation 7:
a, %, +2x,+... +2X,) +
ag+2+... +2) + Eq. 9

(—2y|—2y2-...-2yN) = 0.

Simplifying and rearranging into matrix form yields

- - - - - -
N N a, N
2 X P/
i=1 i=1
X = . Eq. 10
N N > N
2 X > x| z Xy
i=1 i=1 a, i=1

The solution of these two simultaneous equations for a,and a, gives the
coefficients for the least squares line.



2.1.1.2 Polynomial

Data which does not exhibit a linear relationship may often
be 'fitted" very well using a polynomial of the form:

n-| n

= 2 Eq. 11
y = aj+a X+a,X +...+a _ X +a, X . q.

The degree n of the polynomial being fitted is a function of the accuracy
required in the fit. As the degree of the polynomial is increased, the
goodness of fit increases. The least squares coefficients are computed
by solving the following simultaneous equations for the a's:

[ 2 n-I no | B b [ ]
N zX >x" ... 22X ZX a, 2y
2x = x° =x® ... Zx" sx" a Zxy
=x? Zx®  Ext.oo o™ Ex"P a, T x%y
L] * L] L] x = . L]
=x""' =" THEE T a,_y =x"y
zx" >x" L., D2 SHEEED P an zx"y
N i | _ .
Eq. 12
N N
Note the shortened notation Zx, Zxy, etc., inplaceof Yy x,, Y Xy,
1=1 i=1

etc. This notation will be used throughout the report
to eliminate confusion.
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2.1.1.3 Functional

Theoretically, an nth degree polynomial can be made to
fit any set of two-dimensional data simply by making n large enough.
This may, however, result in a very large equation. Consideration of
other forms of the independent variable in the equation often reduces the
size of the equation required for a good fit. Such forms might be:

x"3, xV2 | gin x, e*
and similar types.

Assume an equation of the form:

x . -2 1/3
y = ag+a, e +a,sinx+a.x +a,x . Eq. 13

For this case, the least squares coefficients are computed by solving the
following simultaneous equations for the a's:

B x -2 /3 ] [ i [~ N
N Ze Zsin x zx X a, Sy
e Tet e sinx Te x’ e x'? a, Ze'y
S sinx Te sinx Zs'mzx Ex_zsinx lelssinx x| a,| =[ Zysinx
Tx? Te*x? % x ?sinx s x4 sx!/3x-2 ay >x2y
=x'/? Te*x® x3sinx Sx'*x?  zx?/3 a4 >x'/3y
L 4 L .

Eq. 14
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At this point, it is pointed out, the normal equations can be easily written
for any equation form which is linear in the '"a' coefficients. Observe
that the first equation in Equation Set 14 is formed by summing on
both sides of Equation 13, i.e.:

2 /3

2y = ayN+a Se +a22 sinx+a32x- +a42xI Eq. 15

The second equation is formed by first multiplying both sides of Equation
13 by the variable whose coefficient is a; , namely e*, and then
summing. The third equation is formed similarly, this time multiplying
first by sin x. Note that this is not a derivation of the equations but
simply a means for remembering them.

Thus far only problems which are two dimensional in nature have been
considered. The approach to multi-dimensional problems is an extension
of the approach to the two dimensional case.

2.1.2 Multi—Dimensional

Data consisting of more than two variables also lends itself
to least squares curve fitting, through extension of the concepts discussed
above.

2.1.2.1 Linear in the Independent Variables

Assume a set of data consisting of N consistent sets of n
variables. The linear equation relating these variables would be:

Yy = a,+a X, +a,X, +azX;+... +a, X, Eq. 16
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@
The simultaneous equations which yield the least squares values for the
"a'' coefficients are as follows:

- - - -
N X, ZX, -0 22X, a, rZy
X, lez X X, o0r ZX, X a, 22Xy
2
2z Xp TX, X, ZXp, e0 ZXoX, < | 222 X,y . Eq. 17
Zx, 2X| X3 2XpXz e+ ZX3X, az| |Zx3y
SxXn  ZX Xn SXpXn eer SXpo an ZXny
L . - - - -

Solving these equations for the a's gives the least squares coefficients
for Equation 16.

2.1.2,2 Cross Products and Functions of Independent Variables

Further generalization of the application of least squares
curve fitting for the multi-dimensional problem is possible. Assume
that the form of the equation relating the variables in a five-dimensional
set of data is as follows:

/3 _2 -3 _1/4
y = ag+a, X, X3 +a,X, X, +a3Xg3CO0SX,. Eq. 18

At this point, the term T, in general, is defined as a product of functions
of the independent variables under consideration. Referring to Equation
18 the following terms are thus defined:

/3 2
T, = %X X3
T2 - x2-3x4|/4
T, = xjcos x,.
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The terms T,, T,, and T; may now be thought of as the independent
variables while retaining y as the dependent variable. Equation 18
then may be written as:

y = ao+a|T|+a2T2 +a, T, Eq. 19

and the least squares fitting procedure as discussed in Section 2. 1.2.1
may be carried out.

Thus far the flexibility of least squares curve fitting has been demon-
strated showing that a variety of problem types can be handled provided
that the equation form is known a priori. However, the practical
situation is often such that there exists very little information regarding
the form of the equation. The next logical step, then, towards
effectively using the computer to establish data relationships is to

have the computer generate the form of the equation as well as the
coefficients. This is accomplished by systematically constructing

the equation, term by term, until a suitable equation is obtained. Due
to the stepping process involved, this procedure is commonly referred
to as Stepwise Regression.

2.1.3 Sfepwise Regression

A basic approach towards the computerized construction of
the form of a regression equation as well as its coefficients is discussed
in Reference 1. The equation desired is assumed to be linear in the
variables as well as in the coefficients. Thus, for data consisting of
N sets of n independent variables, x,, X,, ..., X,, and one dependent
variable, y, the form of the equation including all of the variables
would be:

Yy = 2,+a, X, +ta,X,+... +a, X . Eq. 20

In general, the contribution of each one of the variables x, through x ,
towards explaining the dependent variable y varies considerably. In
fact some of the independent variables may not be related to y at all.
It is desirable, then, to have only those variables in the equation which
are truly significant. This is accomplished by inserting variables
one at a time, each time selecting for insertion that variable which
would make the greatest contribution to the (as yet, ) unexplained
portion of the dependent variable. Now follows a discussion of the
manner in which these contributions are calculated.
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Prior to insertion of any of the variables into the regression equation,
the linear correlation coefficients relating each of the independent
variables to the dependent variable are calculated. The linear
correlation coefficient for the ith variable, x,, paired with the
dependent variable y is given by:

2xy  ZXZy
N N2
r (xi’ Y) = - qu 21

where o denotes the standard deviation of the variable appearing as
its subscript. The linear correlation coefficient is a measure of how
well a straight line explains the relationship between the two variables,
x;and y. Scatter diagrams showing the location of points (x; , y)

on a rectangular coordinate system for various types of correlation
are shown in Figure E-2. If all points in this scatter diagram seem
to lie near a line, as in (a) and (b) of Figure E-2, the correlation is
called linear and the magnitude of r as given by Equation 21 will
approach unity. If y tends to increase as x; increases, as in Figure
E-2a, the correlation is called positive or direct correlation and r

will assume a positive value. If y tends to decrease as x; increases,
as in Figure E-2b, the correlation is called negative or inverse
correlation, and r will assume a negative value. If there is no
relationship indicated between the variables as in Figure E-2c, there
is no linear correlation between them and r will assume a value of
Zero.

The first step in constructing a regression equation consists of finding
the best single predictor of y from among the x variables. This is
done by scanning the list of linear correlation coefficients between

each variable in turn and y. That variable having the greatest (in
absolute value) correlation with y is selected to form the first predicting
equation. Should this variable be x5, the first predicting equation
would be:

y = ao+33X3. Eq‘ 22




UoTYe[9II0)) JO SadA], SNOLIBA 0] SWeXderq I9))eds 'g-d 2anst g
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The agand az values are computed using the least squares criterion
as discussed previously.

Once a predicting equation is formed, subsequent steps are of a slightly
different form. First, an importance factor, or F-level, is calculated
for each variable in the equation. These F-levels measure the relative
importance of each variable in the equation to the prediction of the
dependent variable. The smallest of these F-levels is then isolated
and if it is less than some specified critical F-level for removing
variables, that variable is removed from the equation. This process
is desirable since the contribution of a particular variable may become
insignificant if a combination of other variables in the equation explains
the dependent variable better than the single variable. The F-level

for removing the variable x; , F,(x;), is computed as:

2 2
Z(y-ye) - Z(y-yL)
F, (x,) =[ 5 ] X Eq. 23
2 (y - Ye )
where
Ve = the estimated value of y using the regression
equation excluding the variable x,
y'. = the estimated value of y using the regression
equation including the variable x;
¢ = the number of degrees of freedom, which

equals the number of data sets minus the
number of variables in the regression
equation minus one.

If all the F-levels for removing variables in the equation are greater
than the specified critical value, the next step is to select a variable
not in the equation for possible insertion into the equation. For each of
these variables, a potential importance factor or F-level for entering
is computed. These F-levels measure the relative contribution each
variable not in the equation would make towards explaining the dependent
variable if it were put into the equation. The largest of these is
isolated, thereby selecting the best variable for entering into the
equation at that point. The corresponding F-level is then compared
with a specified critical F-level for entering variables. If the F-level
exceeds this value, the variable is inserted into the equation. The F-level
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for entering a variable x, , F. (X;) , is computed as:

Fe (x-i) =

S(y-v,) - Z-y1)°
| ] x¢. Eq. 24

2Z(@y-y.)?

This process of inserting and removing variables is continued until
there is no variable not in the equation whose F-level is greater
than the level for entering, and also there is no variable in the
equation whose F-level is less than the level for removing.

In order to clarify the above procedure, an example is used. Assume
a data set consisting of five independent variables x,, x,, X3, X; ,
and x; and a dependent variable y.

The first step consists of finding the best single predictor of y from
the five independent variables. For the first step, this corresponds
to picking that variable having the greatest (in absolute value) linear
correlation coefficient when paired with y. This variable will also be
the variable having the highest F-level for entering. If this F-level
value exceeds the specified critical level, the variable will be entered
into the equation. If this variable were x; , the first predicting
equation would be: '

y = agt+azX, Eq. 25
where the values for ay and a3z are computed using the method of

least squares.

The F-level for entering variable x, is computed according to
Equation 24 as:

Sy-9)°- Z(-a, -a,x,)’
[ d V-20-23% ]x é. Eq. 26

Sy -ag-azxs)°

Fe (X3)
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Note that ¥ or the mean value of the dependent variable is substituted
for y. as given in Equation 24. This is done for the first step only,
since prior to entry of any of the independent variables into the
equation, y is the best estimate of the dependent variable. Also, for
the first step, ¢ is equal to N-2, where N is the number of data sets.

The next step involves computation of F-levels for entering for each of
the remaining variables not in the equation, i.e.; X, , X,, X,,and
Xs . That variable having the highest value for F. is then isolated
and its F¢ value compared to the critical F-level for entry as pre-
scribed by the user. Assume this variable to be x4 . The regression
equation then becomes:

y = aj +ayx;+a,x, . Eq. 27

Note the primes on ag and a3 . These coefficients no longer have the
same value after adding x, as they had in Equation 25. As before,
these coefficients are all computed using the method of least squares.

The F-level for entering variable x , is computed according to
E as:

2 ' 2
Z(y-a,-a,x,) - >(y-at-a'x_-a x )
Fe(x4)=[ 0~ 33%3 0 %3%3 44])“1J

Z(y - aly-aix; -a, x4)2

Eq. 28

In this case, ¢ is equal to N-3 since the number of degrees of freedom
decreases by 1 for each succeeding step in the equation building process.

At this point an F-level for removing variables is computed for each
variable in the equation. This is desirable since the contribution of
a particular variable may decrease considerably as other variables

are inserted into the equation.
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Suppose that for the third step no variables were removed and variable
x, was added. The regression equation is then:

= 1" + re 4
y aly +a, X +atx.+a;x,. Eq. 29

Assume that the combination of x, and x4 makes the contribution of x3
negligible. This will be apparent by examining the F-level for removing
variables as given by Equation 23. The estimated value for y using

the current equation excluding x, would be:

—_ 1t | 1]
Y. = a'y +talx, + ajx,. Eq. 30

Equation 23 then becomes

2 ' o2
S-ay -a'x, -ayx;) - T(y-ay-a, x, -ayx,-2a,x,)

F, (x3) =[ ] Xp.

2
- nft _ _att - at
Z(y-af-a x -ayx, al x,)

Eq. 31

A value for F, (x3) less than the critical value as prescribed by the user
indicates that the contribution of x ; is less than that required in order
to retain a variable in the regression equation. Equation 30 then becomes
the current regression equation.

The next step may indicate that x, should be in the regression equation.
The equation then becomes:

y = ag" +al'x +a + a"l x, . Eq. 32

If, on the following step, it is concluded that no variables can be removed
or inserted, the final equation would be as shown by Equation 32. A
more rigorous and technical discussion of this process may be found

in Reference 3.
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THE SCORE PROGRAM

The word "SCORE" is an acronym for the expression "Systematic
Construction of an Optimum Regression Equation'. The SCORE
program herein described has been constructed around the concepts
already discussed in Section 2.

3.1 PHILOSOPHY

Basically, the approach used is that discussed in Section 2.1.3
with the added flexibility of considering terms which are cross products
and functions of the independent variables rather than simply the
independent variables themselves. Since the number of possible terms
which can be constructed in this manner soon approaches infinity, the
bulk of the problem is involved in constructing and choosing terms and
"learning' as various terms are accepted or rejected for use in the
regression equation.

3.1.1 Term Characteristics

Typical terms in a regression equation involving the four
independent variables x, , X, , X3,and x4 would be:

2 -3
X

| 2 ?

<

»d
»d

and

Terms such as these may be defined by three basic characteristics:

° Interaction Order
° Variables Involved
° Functions of Variables.

The interaction order of a term is defined to be the number of distinct
independent variables involved in the term. Thus a term such as
x2 x3/% has an interaction order of two, since two independent

variables ( x|, and X;) are involved.
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The variables involved in a term are those independent variables which
make up the term. Thus, for the above example x5 x'/3 , the
independent variables are x; and x3 . The number of variables
which must be defined for a particular term is equal to the interaction

order specified for that term.

The functions of the variables involved define the power or exponent
assigned to each variable in the term. Thus, the functions for the
term xZ x43 are x? and x'/3 for variables x; and X5
respectively. Thus, the number of functions which must be defined
for a particular term is also equal to the interaction order specified
for that term.

Term construction involves a weighted random selection of each of
these characteristics.

3.1.2 Weighted Random Selection

Implementation of a random selection procedure on the
digital computer is facilitated through use of a random number generator.
The procedure used for generating random numbers between 0 and 1
on the present IBM 1620 computer involves use of a modified
Fibonacci sequence. Details on this approach and its implementation
on the computer may be found in the LSI Technical Note AAT-TN-64-001. *

Random selection of one item from a collection of n discrete items using
a random number generator is illustrated in Figure E-3.

Dividing the abscissa into n equally spaced intervals and using a linear
ordinate scale between 0 and 1, a one-to-one correspondence may be
established between any random number from 0 to 1 and a specific
item number. A straight line OA constructed through the origin (O)
and the point on the upper boundary of both axes (A) establishes this
relationship. Thus, for a random number RN, , entering the graph
shown in Figure E-3 with the value of RN, on the ordinate axis and
going straight across parallel to the abscissa axis gives an intersection
of OA in the Item Number 5 region. Thus RN, indicates Item Number
5 be selected from the n possible candidates. Similarly, a random
number equal to RN, selects Item Number n, and RN; selects

Item Number 3.

* AAT-TN-64-001 -- "A Random Number Generator Based on Truncated
Fibonacci Numbers': Morin, G. Rex; Dec. 64
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Figure E-3. Random Selection of Items Froma Collection of
n Discrete Items Using a Random Number Generator

Using this process and assuming a number generator which is truly
random between 0 and 1, a truly random selection of items is obtained.

It is often desirable to weight the selection process so that some items
are more apt to be selected than others. This may be implemented
in a manner very similar to that discussed above. Figure E-3 may
be thought of as the integral of an item weighting function as shown
in Figure E-4 which has been normalized to give a total area of 1.

Adjusting these weights so that each weight is proportional to the
desired probability of selection might yield a weighting function as
shown in Figure E-5.

E-23



WEIGHT

0 | 2 3 4 5- - = = - 0 - - - - -
ITEM NUMBER
Figure E-4. Item Selection Weights Such That the
Selection of All Items Is Equally Likely
-
T
Q
w
=

ITEM NUMBER

Figure E-5. Item Selection Weights Such That the
Selection of All Items Is Not Equally Likely

E-24




Integrating this function gives the plot shown in Figure E-6.

Of == = = m m e m - m— o ——————
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o )
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= 3 2
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o

ITEM NUMBER

Figure E-6. Weighted Random Selection of Items From a Collection
of n Discrete Items Using a Random Number Generator

Entering Figure E-6 with a random number as described above will
result in a weighted random selected of the candidate items.

3.1.3 Term Construction

The first step in constructing a term is the weighted random
selection of an interaction order. One of the inputs to the SCORE program
is the maximum interaction order to be considered in the construction
of terms. Selection weights to be assigned to each interaction order
may also be entered as inputs, if desired. If no weights are entered,
each interaction order will be assigned the same weighting value initially.
A process simulating the use of a graph such as shown in Figure E-6
is then carried out by the computer.

E-25



Once an interaction order for a term has been established, the variables
to be used in that term are selected on a weighted random basis. The
number of variables which must be selected is equal to the interaction
order selected for the term. Selection weights for each of the inde-
pendent variables may be entered as inputs. If they are not entered
they will initially be considered equal for each variable. After
selection of a variable for a particular term, the selection weight

for that variable is set to zero temporarily to insure against selecting
that same variable again for the same term. After all the variables
for a term are selected, the selection weights are restored to the
values existing just prior to term construction.

The final step involves assigning a function to each of the variables
involved in the term being constructed. A set of function selection
weights is maintained for each of the independent variables. The
number of functions to be considered for each independent variable

is an input to the SCORE program. The functions currently available
are shown in Table E-I.

Specification of six functions to be considered means function Numbers 1
through 6 as shown in Table E-I would be considered. Function selection
weights may also be specified as inputs to the SCORE program. If no
weights are specified all of the functions to be considered are initially
weighted equally.

Additional functions such as cos x, e* and others will be made
available in the SCORE program in the future.

In summary, the initial step in the SCORE program is construction of

a set of terms from which a regression equation will be constructed
according to the procedure described in Section 2.1.3, Stepwise
Regression. The independent variables designated by x's in that
section are now replaced by terms as described in this section. The
number of terms from which an equation is constructed is specified as

an input variable to the program. Due to the random nature of selecting
terms, the possibility exists that two or more terms might be identical
in a given set. Since this would be a waste of computer time, a check

is made during term construction to insure against this occurrence.

Once a regression equation has been constructed, the terms which did
not become part of the equation are abandoned and new terms are con-
structed to replace them. The equation building process then starts
over again using the terms which were successful in the previous
equation plus the terms which were constructed to replace the pre-
viously abandoned terms. The old equation is not retained as such.
This process continues until a previously established accuracy require-
ment is met or until manual intervention is made.
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Table E-I. Variable Functions Currently
Available for Use in the SCORE Program

Function Function
Number
1 <x
2 x!
3 x°
4 x 2
5 x!/2
6 X—I/Z
T x3
8 x™3
9 x I/3
10 -1/3
19 . x6
20 x6
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3.1.4 Learning

Each time a new regression equation has been constructed
from a given set of terms, the learning process may be implemented.
Of the set of terms available, a certain number have successfully
entered the equation and the remainder of them were not successful. It
would then be desirable to direct the future selection process toward
those terms which are similar to the terms which were successful and
away from those similar to the unsuccessful terms. This is done by
adjusting the selection weights associated with the successful and un-
successful terms.

Each time a particular interaction order is successful, the corresponding
selection weight is increased. The present SCORE program increases
the weight by 25%. Each time a particular interaction order is not
successful, the corresponding selection weight is decreased. The current
decrease is 20%. The same procedure is followed for the independent
variables themselves. Each time a particular variable is used,its
corresponding selection weight is increased by 25% and each time it

is rejected, its selection weight is decreased by 20%. Finally, this
adjustment is applied to the set of function selection weights existing

for each variable.

After these adjustments have been made, the weights are renormalized
so as to give a total of 1.0 for their sum.

3.1.5 Equation Characteristics

After construction of an equation, the standard error, the
coefficient of determination, and the multiple correlation coefficient
for the dependent variable are computed.

The standard error of y is given by:

/2(y-ye)2
s, = ——¢ Eq. 33
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where
y = the dependent variable in the set of data

ye = the estimated value of the dependent variable
using the regression equation

@ =  the number of degrees of freedom which
equals the number of data sets minus the
number of variables in the regression
equation minus one.

The coefficient of determination is given by:

z(y - y; )2
p2 = 1, ——— Eq. 34

Sy -9’

The coefficient of multiple correlation is simply the square root of
the coefficient of determination, or:

J/c S - ye)® o 35
r, = & - — q.
' @y -7)°

A discussion of the significance of these parameters is given in
Reference 2.

The least squares coefficients of the terms in the regression equation
are also computed along with the standard error of each of these
coefficients. The standard error of a coefficient is a measure of the
statistical error existing in the coefficient. If the interval described
by the coefficient value plus and minus its standard error is formed,
this interval can be expected to include the correct value of the
coefficient in about 68% of all cases.

E-29



The program continues to construct equations until an equation is
found which meets the previously specified criterion for accuracy of
fit or until manual intervention is made. The criterion currently
used for accuracy is the magnitude of the standard error of the
dependent variable as given by Equation 33.

3.1.6 Selection of Critical F-Levels for Entering and Removing
Variables

Previously mentioned in this report were the critical values
of F-level for entering or for removing a variable of the equation.
Both of these critical values are inputs to the SCORE program. There-
fore, they will be discussed here in greater detail.

Consider first the F-level for entering and the specified critical value
for the F-level. These are used in making the decision of whether

or not to enter a variable into the regression equation. The computed
F-level for entering x; as given by Equation 24 is proportional to

the ratio of the additional amount of variation in the y variable which
could be explained or predicted by x, if it were entered in the regression
equation,to the as yet unexplained variation in y. If this ratio is small,
there is some question as to whether the apparent potential contribution
of that variable is real or if it is due to noise or extraneous information
on the data values. Therefore, it is possible that a variable will be
entered into the regression equation when it should not really be there.
The use of F-levels is an attempt at controlling the likelihood of
committing such an error. The method of choosing a critical F-level
for entering a variable is as follows:

a. Choose a maximum allowable likelihood of committing
the error. Call this p (p =0 corresponds to never in
error, p = 0.05 corresponds to 1 chance in 20 of
committing the error).

b. Compute ¢ = N-K-1, where N is the number of data
sets involved, and K is the number of variables
expected in the regression equation (¢ = degrees
of freedom).

c. Using Table E-II, find the entry under the column
headed by p and opposite the row labeled n. This
entry is the proper critical value of F-level for
entering. Interpolation of the values in this table
may be used.
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Table E-II. F-Levels for Various Error Probabilities
and Degrees of Freedom

n p=.99 |p=.95 |[p=.90 |[p=.50 | p=.10 | p=.05 |p=.025 | p=.01 [ p=.00L

2 .00020 {.0050 |.020 |.667 | 8.53 | 18.5 [38.5 98.5 | 998

3 .00019 |.0046 |[.019 |.585 | S5.54 | 10.1 |17.4 3h.1 | 167

L .00018 |.ookly |.018 |.5h9 | kL.Sh | 7.7 |12.2 21.2 | 7h.1

S .00017 [.o043 .017 [.528 | L.06 | 6.61 |10.0 16.3 | U7.2

6 .00017 |.o043 |[.017 [.515 | 3.78 | 5.99 |8.81 13.7 | 35.5

7 ,00017 |.0042 |.017 |.506 | 3.59 | 5.59 |8.07 12.2 | 29,2

8 .00017 |.0042 |.017 |.L99 | 3.L6 | 5.32 |7.57 11.3 | 25.h4

9 .00017 |.004O |.Ol7 |.hok | 3.36 | 5.12 |7.21 10.6 | 22.9

10 .00017 |.o0h1 |.OL7 JAU90 | 3.28 | L.96 6,94 10.0 21.0

n .00016 |.,o0k1 |.017 186 | 3.23 | LB [6.72 9.65 | 19.7

12 | .00016 |.o0kl |.016 |.h8L | 3.18 | L.75 |6.55 9.33 | 18,6

15 | .00016 |.00WL |.0L6 |.L78 | 3.07 | L.Sh |6.20 8.68 | 16.6

20 | .00016 |.004O |.016 |.W72 | 2.97 | L.35 |5.87 8.10 | 1L.8

2L | .00016 |.004O |.016 |.L69 | 2.93 | L.26 |5.72 7.82 | 1.0

30 | .00016 |[.004O |.016 |.u66 | 2.88 | L.17 |5.57 7.56 | 13.3

Lo | .00016 |.,0040 |.0L6 |.L63 | 2,84 | L.O8 |5.h2 7.31 | 12.6

60 .00016 |.004O0 |.016 |.h61 | 2.79 | L.OO |5.29 7.08 | 12.0 .
120 | .00016 |.0039 |.016 |.k58 | 2.75 | 3.92 |5.15 6.85 | 11.L )
©° | .00016 |.0039 |.016 |.455 | 2.71 | 3.84 |5.02 6.63 | 10.8

E-31



It should be noted here that as the number of data sets becomes large,
(i.e. > 20) these values remain essentially constant for a given p.
Typical values for p for entering are 0.05 to 0.10. Therefore,

for N > 20, values of the critical F-level for entering will range
between 2 and 5. It is further possible to commit the error of retaining
a variable in the regression equation when it should have been removed.
The same discussion as given above applies here. However, the
restriction imposed is that the critical F-level for entering variables
be at least as great as the F-level for removing variahles, Therefore,
for N > 20, values of the critical F-level for removing will usually
range between 1 and 4.

3.2 OPERATION

A step by step description of how the SCORE program may be
used, along with Input Data Transmittal forms for data preparation,
will now be given.

The program is designed to handle N sets of data (essentially no limit
on N), each consisting of one observation on each of n independent
variables x, , X, , ..., X, and a single dependent variable y
which is coded as x_,, .

The first part of the input deck consists of a set of comment cards
headed by a card indicating the number of comment cards in the set.
Any number of cards may be used for comments. The cards are
read and punched directly so that comments will precede the program
output when listed on the printer. This gives the user the opportunity
to document the pertinent characteristics of each run. Comments
may appear anywhere on the card. Blank cards for spacing purposes
must also be counted. The count is punched in fixed point format

in columns 1-5, and must be right justified.

Following the comment cards is a card containing the following
(cf Section 3.3 for discussion of forms and procedures):

1. Columns 1-10, Format F10.5;

Critical F-level for entering a term into the regression
equation.

2. Columns 11-20, Format F10. 5;

Critical F-level for removing a term currently
in the regression equation.
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Columns 21-30, Format F10. 5;

Value of standard error desired for the dependent
variable. This accuracy value is used to determine
when to terminate the computation. If no "feel"”
exists for this value, zero may be used in which
case the computation must be terminated manually
by use of Sense Switch 2 on the IBM 1620 console.

Columns 31-40, Format F10.5;

Constant term indicator. A "1'" punch in column 32
indicates that a constant term should not be used

in the regression equation. A '0'" punch in column
32 indicates that a constant term should be used in
the regression equation.

The next card contains the following information:

1.

Columns 1-10, Format F10.0;

Number of terms to be considered per pass during the
regression equation construction. (Maximum of 30.)

Columns 11-20, Format F10. 0;

Maximum interaction order to be considered during
term construction. (Must not be greater than the
number of input variables less one.)

Columns 21-30, Format F10. 0;

Interaction order weight indicator. A '"1."indicates
that all interaction order selection weights are
initially equal. A ""0." indicates that each interaction
order has an associated selection weight to be read
in as part of the input data.

Columns 31-40, Format F10. 0;

Variable weight indicator. A ''1,'" indicates that all
variable selection weights are initially equal. A "0."
indicates that each variable has an associated
selection weight to be read in as part of the input
data.
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5. Columns 41-50, Format F10.0;

Number of functions to be considered for each
input variable during term construction.
(Maximum of 20.)

6. Columns 51-60, Format F10.0;

Function weight indicator. A '"1.' indicates that
all function selection weights are initially equal.
A '"0. " indicates that a set of function selection
weights for each variable are to be used as part
of the input data.

The next set of cards contains the data point information. The first
card contains an ID number, the dependent variable,and up to six
independent variables. The format used is 8F10.0. Additional
independent variables are punched on succeeding cards in Columns
21-80. The last card of each data set need not be filled up.

If the interaction order weight indicator (see item 3 above) has been
set to 0., the next set of cards contains the initial interaction order
selection weights, up to eight per card, using the format 8F10.0.
There must be as many weights as there are possible interaction
orders as given by item 2 above. If the interaction order weight
indicator has been set to 1., the initial selection weights will be set
equal to each other automatically, obviating the interaction order
weighting deck.

If the variable weight indicator (see item 4 above) has been set to 0.,
the next set of cards contains the initial variable selection weights,

up to eight per card, using the format 8F10.0. There must be as
many weights as there are input variables less 1, since the dependent
variable is not weighted. If the variable weight indicator has been set
to 1., the initial variable selection weights will be set equal to each
other automatically, obviating the variable weighting deck.

If the function weight indicator (see item 6 above) has been set to 0.,
the next set of cards contains the initial function selection weights

for each variable, up to eight per card, using the format 8F10.0.

A set of initial function selection weights must be supplied for each of
the independent variables. Sets must be arranged according to the
order of the independent variables on the input data cards. The first
card in each set contains the variable number in columns 1-10.
(Format F10.0.) Each set must contain as many weights as there are
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possible functions specified (see item 5 above). I the function weight
indicator has been set to 1., the initial selection weights will be set
equal to each other automatically, obviating the function weighting deck.

The initial selection weights as discussed above need not be normalized
by the user. This is done automatically. Setting any selection weight
initially to zero completely rules out selection of that particular item
for the duration of the analysis.

Should the user wish to terminate a SCORE run at any time, he may

do so by turning Sense Switch 2 on. The current selector weights

may be punched out by turning Sense Switch 1 on. Turning both
switches on simultaneously will result in punching the selector weights
and then terminating the run. These selector weights are punched

in a format suitable for reading by the computer, should the user desire
to continue the run at a latter time. Adjustment of the selector weight
indicators as described above will allow for reading in these weights
when beginning a subsequent run as a continuation of the same problem.

3.3 COMPUTER INPUT DATA TRANSMITTAL FORMS

Input Data Transmittal forms used to prepare data for a
SCORE run on the computer are illustrated and explained in the
following pages.
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A. SCORE Data Transmittal Form I (DTF-I) (Figure E-T7)

First Card

e NO. OF COMMENTS The NO. OF COMMENTS card
indicates the number of cards used
for comments including blank cards
to be read in and punched out at
execution time.

Other Cards

e COMMENT CARDS The COMMENT CARDS contain
any information which the user
desires to have punched out at the
beginning of the program ouput
listing. Such information as the
name of the user, the date, and a
description of the problem being
submitted should be punched on
these cards. Any legitimate
alpha-numeric characters may be
entered anywhere in columns 1-80.
Output comment cards will have
the identical format of the input
comment cards.
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B. SCORE Data Transmittal Form II (DTF-II) (Figure E-8) ‘

First Card

e¢ F-LEVELIN The F-LEVEL IN is the critical
value of the F-level for entering
a term into the regression equation.

e F-LEVEL OUT The F-LEVEL OUT is the critical
value of the F-level for removing
a term from the regression equation.
This value must be less than, or
equal to the F-LEVEL IN value.

e STD. DEVIATION The STD. DEVIATION is the
accuracy factor desired for the
regression equation. When the
standard error of the dependent
variable becomes less than this
critical value, the run is
terminated.

e¢ CONSTANT The CONSTANT entry is used to
indicate whether or not a constant
term should beused in the regression
equation. A value of 0. indicates
that a constant term should be used.
A value of 1. indicates that a
constant term should not be used.

e NO. VARIABLES The NO. VARIABLES entry is the
total number of input variables in
the data set including the dependent
variable.

e NO. DATA The NO. DATA entry is the total
number of data points in the data
set being processed.
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Second Card

NO. TERMS

INTERACTION
ORDER

INTERACTION
WEIGHT

VARIABLE
WEIGHT

NO. FUNCTIONS

E-40

The NO. TERMS entry is the
number of terms to be considered
per pass during the regression
equation construction.

The INTERACTION ORDER entry
is the maximum interaction order
to be considered during term
construction. This value must not
be greater than the number of
input variables less one.

The INTERACTION WEIGHT

entry is used to indicate whether
or not interaction order selection
weights will be supplied by the
user. A value of 0. indicates that
selection weights are to be read

in as part of the input data. A
value of 1. indicates that all
interaction order selection weights
are initially equal.

The VARIABLE WEIGHT entry is
used to indicate whether or not
variable selection weights will be
supplied by the user. A value

of 0. indicates that selection
weights are to be read in as part

of the input data. A value of 1.
indicates that all variable selection
weights are initially equal.

The NO. FUNCTIONS entry is the
maximum number of functions to
be considered for each input
variable during term construction.




C.

e FUNCTION WEIGHT

Input Variable Card

o IDENTIFICATION

e DEPENDENT VAR.

e INDEPENDENT
VARIABLES

The FUNCTION WEIGHT entry is
used to indicate whether or not
function selection weights will be
supplied by the user. A value of
0. indicates that selection weights
are to be read in as part of the
input data. A value of 1. indicates
that all function selection weights
are initially equal.

The IDENTIFICATION entry is an
identification number assigned to
each data point. This number is
used for reference only. Any
numbering sequence may be used.

The DEPENDENT VAR. entry is
the value of the dependent variable
for each data point.

The INDEPENDENT VARIABLES

area is reserved for the independent

variables for each data point. As
many cards as necessary may be

used. Six variables per card are
permitted.

SCORE Data Transmittal Form III (DTF-III) (Figure E-9)

Input Variable Card

This form is to be used for the data point variables in the
data format described on DTF-II. Only as many cards
as are necessary for each point should be used.
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&

D. SCORE Data Transmittal Form IV (DTF-1V) (Figure E-10)

e INTERACTION ORDER
SELECTION WEIGHTS

e VARIABLE

SELECTION

WEIGHTS

If the Interaction Order Weight
Indicator has been set to 0. (see
DTF II, Second Card), the
INTERACTION ORDER SELECTION
WEIGHTS are entered in this area.
There must be as many weights as
there are possible interaction
orders (see DTF II, Second Card).

If the Variable Weight Indicator
has been set to 0. (see DTF II,
Second Card), the VARIABLE
SELECTION WEIGHTS are
entered in this area. There
must be as many weights as
there are independent variables.

E. SCORE Data Transmittal Form V (DTF-V) (Figure E-11)

e FUNCTION
SELECTION

WEIGHTS

E-43

If the Function Weight Indicator
has been set to 0. (see DTF II,
Second Card), the FUNCTION
SELECTION WEIGHTS for each
variable are entered here. After
the variable number is entered, it
is followed by the selection weights.
There must be as many selection
weights for each variable as there
are possible functions (see DTF II,
Second Card).



3.4 LOGIC FLOW DIAGRAMS AND CORRESPONDING FORTRAN
PROGRAM LISTINGS

This section contains a series of paired logic flow diagrams
and FORTRAN program listings for the eight individual SCORE
subprograms.

Figure E-12 shows a flow diagram of the SCORE mainline program
logic. The program is composed almost entirely of interconnected
subprograms (blocks labeled with the word SCORE and an accompanying
number). A flow diagram of each of these eight subprograms is also
included (see even numbered Figures E-14 through E-28).

3.4.1 SCORE Mainline Program

In addition to controlling the subprograms, the SCORE
mainline program performs the following functions.

Upon the completion of each pass, information which consists of the
actual value of the dependent variable, the predicted value of the
dependent variable using the current regression equation, the deviation,
or difference between these two values and the percent deviation, is
punched out for each input data set.

The SCORE mainline program also checks to see whether the desired
accuracy factor has been attained after each pass is completed. If so,
the run is terminated.

The FORTRAN program listing for the SCORE mainline program is
given in Figure E-13.

3.4.2 SCORE-1 Subprogram

Figure E-14 is a flow diagram for the SCORE-1 subprogram.
This subprogram serves to read in the controlling variables for the
equation generation and the input data sets along with their weights,
if required, and punches these out for run documentation purposes.
It can also read in the selection weights and normalizes them. Selection
weights are stored on the magnetic disks.

The actual FORTRAN program listing for the SCORE -1 subprogram is
given in Figure E-15.
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OO0 OO0 NONO0O000NO000O0000000O0O000

ACCFAC
CNST
COEN
DATA
OEV

EFIN
EFOUT
FUN
18R
IDAVAIL
IDFN
IDIOW
IDVARW
IFCNST

INDEX
INVAR
1VM]
MAXFUN
MAX]IOR
NOCOM

NDATID
NODATA
NOIN
NOPASS
NOTEP1
NOTER

PERC

RDPR
RUN
S1GY
v
YPRED

FIGURE E-13 PAGE 1 OF 3 ‘
SCORE MAINLINE PROGRAM LISTING

*##% DEFINITION OF VARIABLES *##

STANDARD ERROR DESIRED FOR A SATISFACTORY REGRESSION RUN
CONSTANT TERM VALUE FOR REGRESSION EQUATION

REGRESSION EQUATION COEFFICIENT ARRAY

TEMPORARY STURAGE ARRAY OF DATA FOR EVALUATED TERMS

DEVIATION BETWEEN PREDICTED VALUE AND DATA VALUE OF DEPENDENT
VARIABLE

CRITICAL F-LEVEL FOR ENTERING A TERM

CRITICAL F-LEVEL FOR REMOVING A TERM

ARRAY OF FUNCTIONS AVAILABLE FOR EACH VARIABLE

BRANCH INDICATOR

DISC INDEX FOR LOCATING NEXT AVAILABLE AREA.

DISC INDEX FOR LOCATING FUNCTION WEIGHTS

DISC INDEX FOR LOCATING INTERACTION ORDER WEIGHTS.

DISC INDEX FOR LOCATING VARIABLE WEIGHTS.

CONSTANT TERM [NDICATORe 1 IMPLIES NO CONSTANT TERM.

O IMPLIES A CONSTANT TERM,.

ARRAY OF TERM NUMBERS IN THE REGRESSION EQUATIION

NUMBER OF INPUT VARIABLES INCLUDING THE DEPENDENT VARIABLE.
NUMBER OF INPUT VARIABLES NUT INCLUDING THt DEPENDENT VARIABLE
MAXIMUM NUMBER OF FUNCTIONS CONSIDERED

MAXIMUM INTERACTION ORDER CONSIDEREDe

NUMBER OF COMMENT CARDS TO BE READ AND PRINTED AT BEGINNING OF
RUN

DISC INDEX FOR LOCATING DATA FOR EVAULATED TERMS

NUMBER OF DATA SETS.

NUMBER OF TERMS IN THE REGRESSION EQUATIONS

NUMBER OF PASSES ALREADY EXECUTED

NUMBER OF TERMS CONSIDERED PER PASS PLUS ONE

NUMBER OF TERMS CONSIDERED PER PASS INCLUDING THE DEPENLENT
VARIABLE

DEVIATION BETWEEN PREDICTED VALUE AND DATA VALUE OF DEPENDENT
VARIABLE IN PERCENT

READ AND PRINT AREA FOR COMMENTS

DATA SET IDENTIFICATION NUMBER

STANDARD ERROR FOR CURRENT REGRESSION EQUATION

REGRESSION MATRIX

VALUE OF DEPENDENT VARIABLE USING REGRESSION EQUATION

Figure E-13. SCORE Mainline Program -- FORTRAN Program Listing (1 of 3)
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OO0

102
103
104
106
107

105

100

101

110
130
120

150
160
180
200
210
220
190

FIGURE &-13 PAGE 2 VUF 3
SCORE MAINLINE PROGRAM LISTING

*#%t PROGRAM *#x

DIMENS]ION DATA(30)!V(31031)leFN(JO)OFUN(ZQ)OIUTER(30)0RDPU(20)OIN
IDEX(30) +COEN(30)

COMMON V ¢ COEN

FORMAT(1H]1 427X+ 19HSTEPWISE REGRESSION)

FORMAT(20A4)

FORMAT(15)

FORMAT(28H F LEVEL TO ENTER VARIABLE =eF10e6/)
FORMAT(29H F LEVEL TO REMOVE VARIABLL =eF10e6/)
FORMAT(34H DESIRED VALUE OF STANDARD ERROR =eF10e6//7)
XX=SQRTF (1)

READ S+NOCOM

DO 105 J=1+.NOCOM

READ 103¢(RDPU(I)e1=1+20)

PRINT 103+(RDPU(I)eI=1420)

R=RAND(R)

VAR=ABSF (R)%*#%#1 ¢5

DEFINE DISK (1041000)

READ SeEF INCEFOUT+ACCFACIFCNSTs INVARINODATA
FORMAT(8F10,0)

IFCNST=1 DO NOT HAVE CONST TERM IN EQUATION

PRINT 106+EFIN

PRINT 107+EFOQUT

PRINT 64ACCFAC

CALL SCUREI(ID[UWQIDVARWCIDFNQIDAVAIQMAXFUNONUTEROMAXIUR'IVMlolNVA
1R«NODATA)

CALL SCOREZ(FUN)

NOIN=0

NOPASS=0

NOTEP1=NOTER+1

NOPASS=NOPASS+1

CALL SCORE3(NOININOTER¢IDIOWs IDVARW IDFNe IDAVAI ¢ IVM1 sMAXIOR M
1AXFUNS IDTER) .

cAaLL SCOREQ(IDTERQIDAVAIQFUN.NUTER'INVARQNUDATAQNDATIDQNQPASS)
NOIN=0O

NOENT=0

DO 120 1=1+NOTEPI

DO 120 J=1+NOTEPI

V(leJ)=0oe

ND=NDATID

DO 170 N=1+NODATA

FETCH(ND) RUNJ(DATA(L) ¢l.=1«NOTER)

DO 190 1=1+NOTER

VI +NOTEP1)=V(I+NOTEP]1 )+DATAL(I])

DO 220 JU=1+NOTER

VTeJ)=VI]sJI+DATA(]1)*DATA(J)

CONTINUE

Figure E-13, SCORE Mainline Program -- FORTRAN Program Listing (2 of 3)
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FIGURE E-13 PAGE 3 OF 3 ‘
SCORE MAINLINE PROGRAM LISTING

170 V(NOTEP1+NOTEP1)=V(NOTEP] +NOTEP1)+1.0

C COMPLETED SUMS OF SQUARES AND CROSS PRODUCTS, THESE ARE IN
C STORAGE IN LOCATIONeVI(IsJ)
565 CALL SCOREB(NOTERsIFCNST+ IBREFINIEFOUT+ INDEXeNOINsCNST+ACCFACSIG
1Y)

IF(IBR)900,910+1581

1581 CALL SCORES(IDTER+IDIOWs IDVARW s IDFN+ INDEX+NOINs INVARIMAXFUNsMAX]OR
1 «NOTER)
CALL SCOREG6(NOININDEXIDTER)

1587 IF(NOIN)910+¢910+1583

1583 PRINT 85

85 FORMAT(//+ 9Xe36H PREDICTED VS ACTUAL RESULTS //64H RUN NO.
1 ACTUAL PREDICTED DEVIATION PERCENT DEVe//)
ND=NDATID
FIND(ND)

1590 DO 1660 N=1+NODATA
1595 FETCH(ND) RUNJ(DATA(L) ¢L=1+NOTER)
1610 YPRED=CNST
1620 DO 1630 1=1«NOIN
1640 K=INDEX(1)
1630 YPRED=YPRED+COEN(I)*DATA(K)
1650 DEV=YPRED~-DATA(NOTER)
IF(DATA(NOTER)) 1680416701680
1670 PRINT B0+RUNDATA(NOTER) ¢« YPRED +DEV
GO TO 1660
1680 PERC=(DEV/ABS(DATA(NOTER)))#*100.
PRINT 80 +RUNDATA(NOTER) ¢« YPREDDEVPERC
1660 CONTINUE
80 FORMAT(F6e093X+E12e5¢2XsE12e5¢2XsE12e592XeE1245)
C SENSE SWITCH | ON ~ DUMP CURRENT SELECTOR WEIGHT ARRAYS
910 IF(SENSE SWITCH 1)1588+1690
1588 CALL SCORE7(IDIOWsMAXIORe IDVARWs IVM] sMAXFUNNOTER s IDFN)
1690 IF(SENSE SWITCH 2)170041691
1691 IF(ACCFAC-S51GY)1014170001700
1700 CALL EXIT
900 PRINT 905
905 FORMAT (42H ERROR I[N CONTROL CARDPROBLEM TERMINATED )
GO TO 910
END

Figure E-13,
SCORE Mainline Program -- FORTRAN Program Listing (3 of 3)
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0000000000000 DOODOONOOO0OO0OODO00O0O0O0

6

7
10
100
101
102
103
104

FIGURE E-15 PAGE 1 UF o
SCORE-1 SUBPROGRAM LISTING

#%% DEFINITION OF VARIABLES %*##%

D} TEMPORARY STORAGE ARRAY FOR INPUT DATA.

F1VvM] FLOATING POINT FORM OF THE NUMBER UF INPUT VARIABLES NOT
INCLUDING THE DEPENDENT VARIABLE

FMAX10O FLOATING POINT FORM OF THE MAXIMUM INTERACTION ORDER

FMAXFU FLOATING POINT FORM OF THE MAXIMUM NUMBER OF FUNCTIONS bt ING
CONSIDERED

1DAVAI DISC INDEX FOUR LOCATING NEXT AVAILABLE AREA,

1D0FN DISC INDEX FOUR LOCATING FUNCTION WEIGHTS

IDIOW DISC INDEX FOR LOCATING INTERACTION ORDER WEIGHTS

IDVARW DISC INDEX FOR LOCATING VARIABLE WEIGHTSe

IFFUNW FUNCTION WEIGHT INDICATORe 1 IMPLIES WEIGHTS READ IN.

0O IMPLIES WEIGHTS INITIALLY EQUAL.

IFI10wW INTERACTION ORDER WEIGHT INDICATORe 1 IMPLIES WEIGHTS READ INe

O IMPLIES WEIGHTS INITIALLY EQUAL
IFVARW VARIABLE WEIGHT INDICATORe 1 IMPLIES WEIGHTS READ INe
O IMPLIES WEIGHTS INITIALLY EUWUAL

1VM1i NUMBER OF INPUT VARIABLES NUT INCLUDING THi DEPENDENT VARIABLEC

K VARIABLE NUMBER

MAXFUN MAXIMUM NUMBER OF FUNCTIONS CONSIDERED

MAXIOR MAXIMUM INTERACTION ORDER CONSIDERED.

NINDTE NUMBER OF TERMS CONSIDERED PER PASS NOT INCLUDING THE DEPENDENT
VARIABLE

NODATA NUMBER OF DATA SETSe.

NOTER NUMBER OF TERMS CONSIDERED PER PASS INCLUDING THE LEPENDENT
VARIABLE

RUN DATA SET IDENTIFICATION NUMBER

SUMW SUMMATION OF THE SELECTION WEIGHTS

WGT TEMPORARY STORAGE ARRAY FOR SELECTION WEIGHTS

*#% PROGRAM **¥%

INPUT DATA READ-IN AND PRINT-0OUT

SUBROUTINE SCORE1(IDIOWe IDVARW s IDFN4¢ IDAVA[ +MAXFUN+NOTERIMAXTOR [ VM

11+ INVARNODATA)

DIMENSION DI(30)eWGT(30)+IDFN(30)
FORMAT(1015)

FORMAT(16F540)

FORMAT(8F 1060)

FORMAT(20Xs 10HINPUT DATA)
FORMAT(9H DATA SET «F640)
FORMAT(4(1XeA2e12¢3H) =eE10e3))
FORMAT (1 X+BHWEIGHT =+F10e0//)
FORMAT (3X+5HY =¢E£10e3)
ITRICK=6724

MD=1

FIND (MD)

READ 10«NINDTE+«MAXIORIFIOW s IFVARW ¢ MAXFUNs IFFUNW
NOTER=NINDTE+1

1VM1=INVAR-1

Figure E-15. SCORE-1 Subprogram -- FORTRAN Program Listing (1 of 3)
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15
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20

FIGURE E-15
SCORE~1 SJUBPROGRAM LISTING

DO 1 1=1.NODATA
IFCINVAR=7)242+30

READ 10+ RUNGDI(INVAR) ¢+ (DI(L) sl =146)

READ 10S5S+(DI(L)el=7e1VM])
FORMAT(20X+6F100)
GO T0O 4

READ 10+RUNDIC(INVAR) ¢ (DI(L)sL=19s]1VM])

PRINT 101 +RUN

PRINT 102+« (ITRICKsLsDI(L)eL=10s1VM])

PRINT 104.+D1 (INVAR)

RECORD(MD) RUN (DI (L) sL=14¢INVAR)

CONT INUE
IDIOW=MD
IF(IFIOW)S5+28.11
PRINT 40
CALL EXIT

FORMAT(42H ERROR IN CONTROL CARD»

READ 10+(WGT(1)el=1eMAXIOR)
READ INTERACTION ORDER WEIGHTS,
SUMW=04

DO 8 I=1+MAXIOR
SUMW=SUMW+WGT ()

DO 9 [I=1+MAXIOR
WGT(I)=WwGT(])/SUMW

INTERACTION ORDER WEIGHTS NORMALIZED.

GO TO 12
FMAX10=MAXIOR
DO 13 I=1+MAXIOR

WGT(1)=14/FMAXIO
RECORD (MD) (WGT(i)ei=ieMAXIOR)
IDVARW=MD

IF(IFVARW)S+ 14415

READ 10+4(WGT(I)el=1e1VM1)
READ INPUT VARIABLE WEIGHTS.
SUMW=0,

DO 16 I=1.+.1VM1}
SUMW=SUMW+WGT (1)

DO 17 I=141VM]1
WGT(I)=WGT(1)/SUMW

VARIABLE SELECTION WEIGHTS NORMALIZED.

GO TO 18

FIvVvMi=1VM]

DO 19 I=1+1VM]
WGT(1)=1e/FIVM]

RECORD(MD) (WGT(I)el=19s1VM1)
IDFN(1)=MD
IF(IFFUNW)S5620421

DO 29 JU=1+1VM]

READ 104K

READ 10+(WGT(1)e1=]1eMAXFUN)
READ FUNCTION WEIGHTSe.
SUMW=0,

PROBLEM TERMINATED)

PAGE 2 OF 3

Figure E-15. SCORE-1 Subprogram -- FORTRAN Program Listing (2 of 3)
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22

23

29

21

25
24

26

FIGURE E-19 PAGE 3 OF 3
SCORE~-1 SUBPROGRAM LISTING

DO 22 1=1+MAXFUN

SUMW=SUMW+WGT

(1)

DO 23 I=1+MAXFUN
WGT(I1)Y=WGT(I)/SUMW

FUNCTION WEIGHTS NORMALIZED
RECORD(MD) (WGT(1)el=1eMAXFUN)

IDFN(J+1)=MD
IDAVAI =MD
RETURN
FMAXFU=MAXFUN

DO 25 1=1+MAXFUN
WGT (1)=1e/FMAXFU

DO 26 J=1+1VM

1

RECORD(MD) (WGT(1)s1=1sMAXFUN)

IDFN(J+1)=MD
IDAVAI=MD
RETURN

END

Figure E-15,

SCORE-1 Subprogram -- FORTRAN Program Listing (3 of 3)
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3.4.3 SCORE-2 Subprogram

Figure E-16 is a flow diagram for the SCORE-2 subprogram.
This subprogram sets up the functions of the input variables which are
to be considered during term construction. The FORTRAN program
listing for SCORE-2 is given in Figure E-1T7.

3.4.4 SCORE-3 Subprogram

Figure E-18 is a flow diagram for the SCORE -3 subprogram.
This subprogram constructs the terms to be considered in the stepwise
regression process. This construction is based on a weighted random
selection as discussed in the preceding text. Each new term is checked
to make sure it does not duplicate another term previously constructed.
The FORTRAN program listing for SCORE-3 is given in Figure E-19.

3.4.5 SCORE-4 Subprogram

Figure E-20 is a flow diagram for the SCORE-4 subprogram.
This subprogram, evaluating the terms constructed in the SCORE-3
subprogram at each of the data sets, effectively forms a new data set.
This data is then stored on the magnetic disks. The FORTRAN program
listing for SCORE-4 is given in Figure E-21.

3.4.6 SCORE-5 Subprogram

Figure E-22 is a flow diagram for the SCORE-5 subprogram.
This subprogram is used to adjust the selector weights on the basis of
those terms which successfully entered the regression equation and
those terms which were available but were not successful in entering
the regression equation. After all adjustments are made according to
success and failure, the selection weights are normalized. The
FORTRAN program listing for SCORE-5 is given in Figure E-23.

3.4.7 SCORE-6 Subprogram

Figure E-24 is a flow diagram for the SCORE-6 subprogram.
This subprogram is used to rearrange the successful terms of the
previous pass so that they are retained as available terms for the
next pass. The FORTRAN program listing for SCORE-6 is given in
Figure E-25.
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ARGUMENTS
INPUT | OUTPUT
FUN

FUN(I)=I/4 +2

FUN(1
FUN(2

s
uon
N~

N7

FUN(I+1)= — FUN(I) I=1+4
FUN(I+2)=1./FUN(I)

I=3
I>15

FUN(T+3)=1/FUN(I+1)

r i

|

YES

l

FUN(19)=6.
FUN (20)=-6.

Figure E-16. SCORE-2 Subprogram -- Logic Flow Diagram
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FIGURE E-17 PAGE. 1 wh
SCURE=2 SUBPROGRAM LISTING

*x% DEFINITION OF VARIADLLS #*%%
FUN ARRAY OF FUNCTIONS AVAILABLE FOR EACH VARIABLE
*%% PROGRAM *%%

SUBROUTINE SCOREZ2(FUN)
DIMENSION FUN(20)
FUN(1)=1,

FUN(2)=~1,

DO 1 1=341544
FUN(T)Y=1l/ /442
FUNCI+1)==-FUN(I])
FUN(I+2)=1e/FUN(])
FUN(I+3)=1e/FUN(I41)
FUN(19)=6.
FUN(20)==6.

RETURN

END

Figure E-17. SCORE-2 Subprogram -- FORTRAN Program Listing
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OO0 OO0 N0NODO0O000O00000O0

IDAVATL
IDFN
IDIOW
IDTER
IDVARW
IF

IFT
IFTE
10
10M]
10w

Iv
Ivmi
IvT
IVTE
Ivw
MAXFUN
MAXTOR
NOIN
NOINP1
NOTEM]
NOTER

Sw
WGT
wT

FIGURE E~19 PAGE 1 OF o
SCORE=3 SUBPROGRAM LISTING

*#% DEFINITION OF VARIABLES #%#%

DISC INDEX FOR LOCATING NEXT AVAILABLE AREA,

DISC INDEX FOR LOCATING FUNCTION WEIGHTS

DISC INDEX FOR LOCATING INTERACTION ORDER WEIGHTS,
D1SC INDEX FOR LOCATING TERM DESCRIPTIONS

DISC INDEX FOR LOCATING VARIABLE WEIGHTS.

FUNCTION NUMBER ARRAY

TEMPORARY STORAGE OUF FUNCTIUN NUMBER

TEMPORARY STOURAGE OF FUNCTION NUMBER

INTERACTION ORDER ARRAY OF CURKRENT AVAILAbLE TERMS
CURRENT INTERACTION ORDER MINUS ONE

WORK ING VALUE OF THE INTERACTION ORDER

VARIABLE NUMBER ARRAY FOR CURRENT AVAILABLE TERMS
NUMBER OF INPUT VARIABLES NOT INCLUDING THt DEPENDENT VARIADLE
TEMPORARY STORAGE OF VARIABLE NUMBER

TEMPORARY STORAGE OF VARIABLE NUMBER

WORK ING VALUE OF VARIABLE NUMBER

MAX IMUM NUMBER OF FUNCTIONS CONSIDERED

MAXIMUM [NTERACTION ORDER CONSIDERED.

NUMBER OF TERMS IN THE REGRESSION EQUATION

NUMBER OF TERMS IN THE REGRESSION EQUATION PLUS ONE
NUMBER OF TERMS CONSIDERED PER PASS MINUS ONE
NUMBER OF TERMS CONSIDERED PER PASS INCLUDING THE LDEPENLENT
VARIABLE

RANDOCOM NUMBER BETWEEN 0 AND 1,

SUMMATION OF SELECTION WEIGHTS.

TEMPORARY STORAGE ARRAY FOR SELECTION WEIGHTS

PART 1AL SUMMATION OF SELECTION WEIGHTS

*%% PROGRAM ¥*3#x

SUBROUTINE SCORE3(NOIN«NOTER«IDIOWe IDVARWS JOFNs IUDAVAT ¢ 1VM] +MA
1XIOR«MAXFUN IDTER)

DIMENSION
1«1FT(30)

IDFN(30) +WGT(30)+J0(30)+ IDTER(30)+IV(30)+¢1F(30)e1VT(30)

6 FORMAT(1415)

100 FORMAT(F1046)
IDTER(1)=1IDFN(IVM]I+1)
NOINP1=NOIN+1
NOTEM] =NOTER-1

MD=1D10W

FETCH(MD) (WGT(I1)el=1sMAXIOR)
DO 3 JU=NOINP1 +NOTEMI

R=RAND(R)
WT=WGT (1)

DO 1 I=1+MAXIOR
IF(R-WT)34362
2 WT=WT+WGT (I+1)

1 CONTINUE
3 10¢(u)=1

Figure E-19. SCORE-3 Subprogram -- FORTRAN Program Listing (1 of 3)
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FIGURE E-19
SCORE-3 SUBPROGRAM LISTING

DO 4 I=NOINP1«NOTEMI
10W=10(1)

DO S U=1+10W

MD= IDVARW
R=RAND(R)

FETCH(MD) (WGT(K)eK=1e¢ VM1
1IF(J=1)12+12413
Jd=Jd=-1

DO 14 KK=1eé¢JJ
IVW=1V(KK)

WGT (IVW) =0

Sw=0,

DO 15 KK=1,1VMI1
SWzSW+WGT (KK )

DO 16 KK=14+1VMI1
WGTI(KK)=WGT(KK) /SW
WT=WGT (1)

DO 26 K=1,,1VMI
IF(R-WT)7+748
WT=WT+WGT (K+1)
CONTINVE

IViJy=K

MD=IDFN(K)
R=RAND(R)
FETCH(MD)(WGT(K) +K=1 s MAXFUN)
WT=WGT (1)

DO 9 K=1+MAXFUN
IF(R=-WT)>10+10011
WT=WT+WGT (K+1)

CONT INUE

1IF(JyY=K

CONT INUE
IFCI0(I)»=1)30+304+31
IOM1=10(1)~-1

DO 32 K=1,10M]
KP1=K+1

DO 32 J=KPl.10W
IFC(IVIK)=1IV(J))32¢32433
IVTE=IV(K)
IFTE=IF(K)
IVIK)Yy=1V(J)
IF(K)Y=IF(J)
IVIU)Y=IVTE
IF(J)Y=IFTE

CONT INVE

CHECK FOR DUPLICATION OF PREVIOUS TERM

IF(1-1)23¢23¢24
IMl=1l-]

DO 18 J=1.4.IM}
MD=IDTER( J)

PAGE 2 OF 3

Figure E-19. SCORE-3 Subprogram -- FORTRAN Program Listing (2 of 3)
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18
23

FIGURE E-19 PAGE 3 OF 3
SCORE~3 SUBPROGRAM LISTING

FETCH(MD) 10(J)
IF(IO(I)=10(J))18B4s19418

MD=IDTER(U)
FETCHI(MD)YIO(JY e (IVT(K) 2 IFTIK) oK=1410W)
DO 20 K=1+10W
IFCIVIK)=IVT(K))18+21418
IFCIF(K)=IFT(K))18420418

CONT INUE

GO TO 22

CONT INUE

MOD=IDTER( 1)

F IND(MD)
RECORD(MD) IO(I) e (IVIK) o IF(K)sK=1+]0W)
IDTER(1+1)=MD

CONT INUE

IDAVAI =MD

RETURN

END

Figure E-19, SCORE-3 Subprogram -- FORTRAN Program Listing (3 of 3)
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FIGURE E-~21 PAGE 1 OF 2
SCORE-4 SUBPROGRAM LISTING

*%% DEFINITION OF VARIABLES *#*%

DATA TEMPORARY STORAGE ARRAY OF DATA FOR EVALUATED TERMS

D1 TEMPORARY STORAGE ARRAY FOR INPUT DATA.

FUN ARRAY OF FUNCTIONS AVAILABLE FOR EACH VARIABLE

FUNW WORK ING VALUE OF FUNCTION BEING APPLIED TU VARIABLE

iDAVAL DISC INDEX FOR LOCATING NEXT AVAILABLE AREA,

IDTER DISC INDEX FOR LOCATING TERM DESCRIPTIONS

IF FUNCTION NUMBER ARRAY

IFUNW FIXED POINT FORM OF THE WORKING VALUE OF THE FUNCTION

IFW WORKING VALUE OF FUNCTION NUMBER

INVAR NUMBER OF INPUT VARIABLES INCLUDING THE DEPENDENT VARIABLE.

10 INTERACTION URDER ARRAY OF CURRENT AVAILAGLE TERMS

10w WORKING VALUE OF THE INTERACTION ORDER

v VARIABLE NUMBER ARRAY FOR CURRENT AVAILABLE TERMS

Ivw WORKING VALUE OF VARIABLE NUMBER

NDATID DISC INDEX FOR LOCATING DATA FOR EVAULATED TERMS

NODATA NUMBER OF DATA SETS,

NOPASS NUMBER OF PASSES ALREADY EXECUTED

NOTEM] NUMBER OF TERMS CONSIDERED PER PASS MINUS ONE

NOTER NUMBER OF TERMS CONSJOLOERED PER PASS INCLUDING THE ULDERENDENT
VARIABLE

RUN DATA SET IDENTIFICATION NUMBER

*%% PROGRAM *x%

EVALUATION OF TERMS

SUBROUTINE SCORE4(IDTER IDAVAI +FUNGNUTER+ INVARNUDATANDATID
1NOPASS)

DIMENSION IDTER(30)«DI(30)+FUN(20)DATA(30)+IV(30)+IF(30)
FORMAT(15)

FORMAT(/1XeSHTERM( 412¢25H) = INTERACTIOUN OF ORDER +12e6H WITH)
FORMAT(11Xe10OHCOMPONENT(el2e6H) = X(e]l2¢4H) X% (sFOGe301H))
FORMAT(1H1 +/29X e 1 2HPASS NUMBER +13¢//1Xs 1 7THTERM DESCRIPTIONS)
PRINT 102 +«NOPASS

MD=1

ND=1DAVAI

NDATID=ND

NOTEM1=NOTER~-1

DO 10 JU=1+NOTEMI

LD=IDTER(J)

FETCH(LD) IO

JOwW=10

LD=IDTER(J)

FETCH(LD) I10+CIVIL)sIF(L)sL=1+10W)

PRINT 1004J010

DO 11 K=1410

IVW=1VI(K)

IFW=1F(K)

FUNW=FUN(IFW)

Figure E-21. SCORE-4 Subprogram -- FORTRAN Program Listing (1 of 2)
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FIGURE E-21 PAGE 2 OF 2
SCORt=4 SUBPROGRAM LISTING

PRINT 101 +KeIVWFUNW

CONT INUE

DO 1 1=1+NODATA

FIND (MD)
FETCH(MD)IRUNG(DI(L)sL=1¢INVAR)
DO S5 JU=1+NOTEMI

DATA(JU)=14

LD=IDTER(J)

FIND(LD)

FETCH(LD) 1O

I10W=10

LD=IDTER(JU)

FIND(LD)

FETCH(LD) I104sCIVIL)sIF(L)eL=1410W)
DO 26 K=1410

Ivw=1Vv(K)

IFW=1IF(K)

FUNW=FUN( IFW)
IF(ABSF(FUNW)=1¢)12¢13¢13
IFUNW=FUNW
DATA(J)=DATA(J)I*D] (VW) * ¥ [FUNW
GO TO 26
DATA(J)=DATA(J)I*¥D (IVW) ¥*FUNW
CONT INUE '

CONT INUE

DATA(NOTER)=DI ( INVAR)

FIND (ND)
RECORD(ND)RUNs (DATA(L) ¢+L=1+NOTER)
CONT INUE

IDAVA1=ND

RETURN

END

Figure E-21. SCORE-4 Subprogram -- FORTRAN Program Listing (2 of 2)
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ARGUMENTS
INPUT ouTPUT
IDTER
1010W
INVM17INVAR-1 IDVARW
10FN
OBTAIN INTERACTION INDEX
ORDER WEIGHTS NOIN
wT1 (A'F)ilm WT1 (MAXIOR) INVAR
AND VARIABLE SELECTION
WEIGHTS MAXFUN
WTV (1) . WTV(INVMY) MAXIOR
NOTER
NO YES »f ]
Y WTs 0,
OBTAIN INTERACTION
ORDER, 10W,
AR ABLES, LY. SUMMATION OF UN- 1aI+9 =1
FUNCTIONS IF(1). .IF(1OW NORMALIZED INTERACTION
FOR 1'TH TERM ORDER SELECTION WTS. 1 >MAXIOR
WTeWT+WT T (1)

t NO YES

INCREASE INTERACTION
ORDER SELECTION
WEIGHT FOR 10W [ YES
WT1 (IOW)e

WT I (IOW) % |.25

PRINT
ERROR
MESSAGH

>o‘<o
no 0 NORMALIZE INTERACTION

ORDER SELECTION
STORE FUNCTION KoK+ K1 WEIGHTS
SELECTION WEIGHTS WTI (1)=WT L(I)/WT
FOR K' TH VARIABLE
OF I' TH TERM K > 10W.
"""" "o vis DECREASE INTERACTION [wr-0 |
ORDER_SELECTION f
SELECT &'??’2{0‘&3’,‘.“‘” SUMMATION OF UN- I=1+9 1=
; WTI{(10W)X.8 NORMALIZED VARIABLE
INCREASE FUNCTION| |K TH VARIABLE NO  YES SELECTION WEIGHTS
SELECTION WEIGHT| |OF I' TH TERM 1>INVMI
OF K'TH FUNCTION IVW=IV(K) WTsWT+ WTV {1) '10 s
OF I'TH TERM JeJg+1 t
WTF (1FW)= K=1
WTF (IFW) % 1.26 STORE FUNCTION
INCREASE SELECTION WTS. 3
cer EoTioN W 5 ' Th ARIABL £
FOR K'TH VARIABLE R |K> 1ow NORMALIZED VARIABLE L2141 1+
OBTAIN FUNCTI OFT'THTERM | 1 | \ WIF (1. No YES SELECTION WEIGHTS
SELECTION. WeIGHTS WTV (TVW)s WTF (MAXFUN) ¢ WIVIT)=WTV(I)/ WT T>INVM 1
FOR K'TH VARIABLE WTV(IVW ) #1.25 SFLFOT ¥ %o vES
OF 1'TH TERM 1 . LEC T ——— 9 s
K'TH_ VARIABLE
"‘;;é"(’ . l DECREASE FUNCTION OF T'TH TERM
UN} SELECT SELECTION WEIGHT IVWeIVIK)
K'TH FUNCTION OF K-TH FUNCTION STORE NORMALIZED
OF I'TH TERM OF ITH TERM I INTERACTION ORDER
TFW=1F (K) PALARIA 2y SELECTION WTS. AND
(IFWIx 8 DECREASE
N I H SELECTION WT. ... WTL (MAXIOR)
QH- FOR K'TH VARIABLE CIWTV (INVM 1)

OF I' TH TERM
OBTAIN FUNCTION WTV (IVW)e

SELECTION WTS, WTV (IVW) %.8
l CTIyaNa
il STORE NORMALIZED
u
: WTF (MAXFUN) K'TH FUNCTION SELECTION WTS. {>INVMI
: OF I'TH TERM FOR I'TH VARIABLE \ YBs
IFWs IF (K) WTF (1)

TF(1).....
] WTF (MAXFUN)

OBTAIN FUNCTION
SELECTION WTS. FOR
I'TH VARIABLE

WTF (4)......
WTF {MAXFUN)

SUMMATION OF UN- JrJ+4 JH
NORMALIZED FUNCTION
SELECTION WEIGHTS .
FOR I'TH VARIABLE J>MAXFUN
WT=WT + WTV (J}

T T
3 NO YES

RETURN
| 2
NORMALIZE [J=J 44 Ja4
FUNCTION SELECTION
WEIGHTS FOR
I'TH VARIABLE 70 >Mlthul

Figure E-22, SCORE-5 Subprogram -- Logic Flow Diagram
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FIGURE E-23 PAGE 1 OF 2 "')
SCORE-S5 SUBPROGRAM LISTING ’

*%% DEFINITION OF VARIABLES #*##%

IDFN DISC INDEX FOR LOCATING FUNCTION WEIGHTS

IDIOW DISC. INDEX FOR LOCATING INTERACTION ORDER WEIGHTS.

IDTER DISC INDEX FOR LOCATING TERM DESCRIPT]IONS

IDVARW DISC INDEX FOR LOCATING VARIApLE wEIGHTSe

IFwW WORK ING VALUE OF FUNCTION NUMBER

INDEX ARRAY OF TERM NUMBERS IN THE REGRESSION EQUATION

INVAR NUMBER OF INPUT VARIABLES INCLULDING THE ODEPENDENT VARIABLE.

INVM] NUMBER OF INPUT VARIABLES NOT INCLUDING THE DEPENDENT VARIAGBLE

Ivw WORKING VALUE OF VARIABLE NUMBER

MAXFUN MAXIMUM NUMBER OF FUNCTJIONS CONSIDERED

MAXIOR MAXIMUM INTERACTION ORDER CUNSIDERED

NOIN NUMBER OF TERMS IN THE REGRESSION EQUATION

NOTEM] NUMBER OF TERMS CONSJWERED PER PASS MINUS ONt

NOTER NUMBER OF TERMS CONSIDERED PER PASS INCLUDING THE LERPENLENT
VARIABLE

wT SUMMATION OF SELECTION WEIGHTS

WTF FUNCTION SELECTION WEIGHT ARRAY

wWT1 INTERACTION ORDER WEIGHT ARRAY,

'RRY VARIABLE WEIGHT ARRAY

*#% PROGRAM #*¥%#

SUBROUTINE SCORES(IDTERIDIOW s IDVARW IDFNs INDEX +NOINs INVARIMAXFUN
IMAXIORNOTER)

DIMENSION IDTER(30)¢ IDFN(30)+ INDEX(30)sWTI1(30)eWTVI(30)+IVI(30)sIF(3
10) s WTF (30)

NOTEM]1=NOTER-1

INVM1=INVAR~1

MD=1D1I0OW

FIND(MD)
FETCH(MD)Y(WTI(I)sI=1+eMAXIOR)
FETCH(MD)Y(WTV(I)el=1eINVM])

J=1

DO 1 =1 +NOTEMI

MD=IDTER (1)

FETCH(MD) I0W

MD=1DTER(I)

FETCH(MD) I0¢(IV(K)eIF(K)eK=14¢]0W)
IF(NOIN)3+3¢16

IFCINDEX(J)=1)3¢44¢3
WTI(IOW)=WTI(IOW)#*] .25

DO S K=1410W

IVW=1V(K)

WTVIVW)=WTV(IVW)#*] 625

IFW=1F(K)

MD=IDFN(IVW)
FETCH(MD) (WTF (L) sL =1 e MAXFUN)
WTF(IFW)=WTF (IFW)%*1e25

MD=1DFN( IVW)

Figure E-23. SCORE-5 Subprogram -- FORTRAN Program Listing (1 of 2)
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FIGURE E=-23 PAGE 2 OF &
SCORE=-5 SUGUPROGRAM LISTING

S RECORD(MD) (WTF (L) sL=1 e MAXFUN)
IF(J-NOIN) 7el0l

7 J=J+1
GO TO 1

3 WTLIIOW)=WT]I(IOW)*,8
DO 2 K=1+10W

IVW=IV(K)
WTIVIVW)=WTV(IVW)*,8
IFW=1F(K)

MD=IDFN(1VW)
FETCH(MD) (WTF(L)eL=1e+sMAXFUN)
WTF(IFW)=WTF (IFW)%,8
MD=IDFN(IVW)
2 RECORDI(MD) (WTF (L) e=1 « MAXFUN)
1 CONTINUE
WT=0,
DO 8 1=14MAX]OR
8 WT=WT+WTI1(1])
DO 9 1=1+MAXIOR
9 WTIC(I)Y=WTI(I))/WT
INTERACTION WEIGHTS NORMAL IZED
WT=0,
DO 10 I=1+INVM]
10 WT=wT+WTV (1)
DO 11 1=]ésiiNvmMi

11 WIV(I)=WTV(I)/WT
VARIABLE WEIGHTS NORMALIZED
MD=1D10W

RECORD(MD ) (WTI(I)el=1+MAXIOR)
RECORD(MD) (WTV(I)eI=10eINVML])
DO 12 1=14+INVMI]
MD=1IDFN(1)
FETCH(MD)(WTF(K) +eK=1 +sMAXFUN)
WT=0e
D0 13 J=1MAXFUN
13 WT=WTH+WTF(J)
DO 14 J=1 +MAXFUN
14 WTF(J)=WTF(J)/WT
MD=IDFN(1)
RECORD(MD) (WTF (K ) eK=]1 s MAXFUN)
12 CONTINUE
FUNCTION WEIGHTS NORMALIZED
RETURN
END

Figure E-23. SCORE-5 Subprogram -- FORTRAN Program Listing (2 of 2)
E-67



ARGUMENTS

INPUT | OUTPUT
NOIN
INDEX
IDTER

STORE INTERACTION ORDER,
VARIABLES AND FUNCTIONS
FOR I'TH SUCCESSFUL
TERM AS I'TH AVAILABLE
TERM FOR NEXT PASS

T

OBTAIN INTERACTION
ORDER VARIABLES
AND FUNCTIONS

FOR I'TH
SUCCESSFUL TERM

A

10

I=T+1 I=1
I>NOIN

NO YES

Figure E-24, SCORE-6 Subprogram -- Logic Flow Diagram
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FIGURE E-25 PAGE 1 OF 1
SCORE~-6 SUBPROGRAM LISTING

*¥%¥% DEFINITION OF VARIABLES #%%

IDTER DISC INDEX FOR LOCATING TERM DESCRIPTIONS

1F FUNCTION NUMBER ARRAY

IND TEMPORARY VALUE OF TERM NUMBER

INDEX ARRAY OF TERM NUMBERS IN THE REGRESSIUN EWUATION
10w WORKING VALUE OF THE INTERACTION ORLER

v VARIABLE NUMBER ARRAY FOUR CURRENT AVAILABLE TERMS
NOIN NUMBER OF TERMS IN THE REGRESSION EQUATION

#%% PROGRAM #*#%

SUBROUTINE SCOREG6(NOININDEX s IDTER)
DIMENSION INDEX(30)+IDTER(30)+IV(30)4IF(30)
ND=IDTER( 1)

IFINOIN)2¢2¢3

DO 1 1=1eNOIN

IND=INDEX(1)

MD=IDTER( IND)

FETCH(MD) I OW

MD=IDTER(IND)
FETCH(MD) IO« (IV(U) s IF(J)eJd=1el0W)
RECORDI(ND) [V« (IV(J) e IF(J)eU=1410)
IDTER(I+1)=ND

CONT INUVE

RETURN

END

Figure E-25, SCORE-6 Subprogram -- FORTRAN Program Listing
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3.4.8 SCORE-7 Subprogram

Figure E-26 is a flow diagram for the SCORE-T subprogram.
This subprogram punches out the selector weights in a format suitable
for inputting them again later if desired. This subprogram is activated
from the SCORE mainline program by turning the IBM 1620 Sense Switch 1
on. The FORTRAN program listing for SCORE-T is given in Figure E-27.

3.4.9 SCORE-8 Subprogram

Figure E-28 is a flow diagram for the SCORE-8 subprogram.
This subprogram comprises the "meat' of the entire network of SCORE
subprograms. Actual construction of the regression equation takes
place here along with the computation of the standard error of y, the
coefficient of multiple correlation and the coefficient of determination
as described previously in this report. In addition, the least squares
coefficients of each term in the regression equation and the standard
error of these coefficients are computed. The step-by-step process
of equation construction is punched out in this subprogram. The
FORTRAN program listing for SCORE-8 is given in Figure E-29,

For those interested in investigating the program operation further,
a list of variable names used in the FORTRAN programs along with
a brief definition of each is given at the beginning of each of the
program listings.
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ARGUMENTS ENTRY
INPUT OUTPUT
IDIOW
MAXIOR
IDVARW
VM1
MAXFUN
NOTER OBTAIN
IDEN INTERACTION ORDER
SELECTION WEIGHTS
WGT(1),, WGT(MAXIOR)
y
PUNCH
INTERACTION ORDER
SELECTION WEIGHTS
WGT(1)., .WGT(MAXIOR)
y
OBTAIN
VARIABLE SELECTION
WEIGHTS
WGT (1)...WGT (IVM1)
PUNCH
VARIABLE SELECTION
WEIGHTS
| WGT(1)...WGT (IVM1)
PUNCH FUNCTION J=J+1 J=1
se;.oERCle 9¥Hw*rs STV
VARIABLE | |
NO YES
OBTAIN ON
FUNCTION
SELECTION WTS.
FOR J' TH
VARIABLE OFF

Figure E-26. SCORE-T Subprogram -- Logic Flow Diagram
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FIGURE E-27
SCORE~-7 SUBPROGRAM L ISTING

*#%% DEFINITION OF

VARIABLES

.‘

PAGE 1 OF 1

* %

IDFN DISC INDEX FOR LOCATING FUNCTION WEIGHTS

1010w DISC INDLEX FOR LOCATING INTERACTION ORLVER WEIGHTS.

IDVARW DISC INDEX FOR LOCATING VARIABLE WEIGHTS

IvMmi NUMBER OF [NPUT VARIABLES NUT [INCLUDING THe DEPENLDENT VARIApLE

MAXFUN MAX IMUM NUMBER OF FUNCTIONS CONSIDERED

MAX]OR MAX IMUM INTERACTION ORDER CONSIDEREDe

NOTER NUMBER OF TERMS CONSIDERED PER PASS INCLUDING THE DEPENDENT
VARIABLE

WGT TEMPORARY STORAGE ARRAY FOR SELECTION WEIGHTS

*#% PROGRAM #i#%

SENSE SWITCH 1 ON - SELECTOR ARRAY WEIGHTS DUMPED

SENSE SWITCHES 1 AND 2 ON - DUMP AND CALL EXIT

SUBROUTINE SCORET7(IDIOWeMAXIORsIDVARWe IVM] ¢ MAXFUNINOTER s IDFN)
DIMENSION IDFN(30)WGT(30)¢IV(30)+I1F(30)

FORMAT(8F 1045)

MD=1DIOW

FETCH(MD) (WGT(I)sI=1eMAX]IOR)
PUNCH 101+ (WGT(I)el=1eMAX]IOR)
MD= IDVARW
FETCH(MD)Y(WGT(I)sI=1e1VMI)
PUNCH 101+ (WGT(I)el=1e1VM1)
DO 1 JU=1lelVM]

MD=IDFN(J)

FETCH(MD) (WGT(I)el=1 s MAXFUN)
PUNCH 101e¢J

PUNCH 101 +(WGT(1)el=1e¢eMAXFUN)
RETURN

END

Figure E-27. SCORE-T7 Subprogram -- FORTRAN Program Listing
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VUL IV s1.0

YE

<y EINT MESSAGE

S NON -
POSITIVE, TERMINATE]
STEP 'NSTPM1'*

J>NOTER
Jey

Jaged|

ENTRY

1BRv1

NOTEM {=NOTER-{

ARGUMENTS
INPUT QUTPUT
NOTER 18R
IFCNST INDEX
EFIN NOIN
EFOUT CNST
ACCFAC SIGY

NOTEP ¢ *NOTER+1
NOSTEP = —4 >0 *0 >0
VINOTEP!,
[DEFR « V(NOTEP 1, IFCNST 3
NOTEP 1)-4.0 NOTEP1)
<0 <0
INT MESSAGE"ZERO]
IBR=-4 NUMBER OF DATA
SO LONG
RETURN
1BR*0
RET URN

1s1s 19
1>NOTER

Vi VII,J
V(1,NOTEP )% W(J, NOTEP 1)
/VINOTER, NOTER)

YES

AVE (I}=V(1,NOTER)|
/VINOTER, NOTER)

PRINT MESSAGE

"NO MORE DE

OF FREEDOM,
NOSTER

VAR= V{1, NOTER)¥|

COMPUTE STANDARD ERROR OF DEPENDENT
VARIABLE, COEFFICIENT OF DETERMINATION,
MULTIPLE CORRELATION COEFFICIENT,
DEGREES OF FREEDOM,

SIGY = SIGMA (NOTER) V'V INOTER, NOTER)/DEFR
:SO- 1. -V(NOTER, NOTER)

DEFR =DEFR-1.0

GREES
STEP|

PRINT MESSAGE
“ERROR, NOIN
MINUS. S0 LONG"

TER, LY/ WLI)

NOIN = NOIN+1
INDEX {NOIN}=1
SouaNoTER ST Y
SIGMCO (NOIN}=(SIGY/SIGMA (D) 13 /V{T, T}

RETURN

PRINT MESSAGE
"WMFL$YED'NOSTE P

REGRESSION"

VILJWV(LJ}-V(I, K}
XV (K J)/ VIKKY

[ STEP NO'
ERM_REM!

PRINT MESSAG
i STEP NO'NOSTEP
[TERM ENTERING

[SIGMCO (1, J=1, NOI

PRINT MESSAGE,

NOSTER)
IOVED

SIGY|

>0

FLEVEL=VMAX %
DEFR/ VX

PRINT_WESSAGE
"COMPLETED 'NOSTEP|
STEPS OF REGRESSIO

RETURN

Figure E-28. SCORE-8 Subprogram -- Logic Flow Diagram

E-73



NN NaNeNeNeRaNaNaNeNeNanaReRa e s NeNaNsRe e RaNeNaNe ReNeNe e e Ne s e RaNeNe e N Ne e NN N

FIGURE E-29 PAGE 1 OF 4 .
SCORE~8 SUBPROGRAM LISTING .

*#% DEFINITION OF VARIABLES #¥#%

ACCFAC STANDARD ERROR DESIRED FOR A SATISFACTORY REGRESSION RUN

AVE AVERAGE VALUE ARRAY FOR AVAILABLE TERMS

CNST CONSTANT TERM VALUE FOR REGRESSION EQUATION

COEN REGRESSION EQUATION COEFFICIENT ARRAY

DEFR NUMBER OF DEGREES OF FREEDOM

EFIN CRITICAL F-LEVEL FOR ENTERING A TERM

EFOUT CRITICAL F-LEVEL FUR REMOVING A TERM

FLEVEL COMPUTED F-LEVEL FUR REMOVING LEAST SIGNIFICANT TERM OR
INSERTING MOST SIGNIFICANT TERM,

1BR BRANCH INDICATOR

IFCNST CONSTANT TERM INDICATORe 1 IMPLIES NO CONSTANT TERMe
O IMPLIES A CONSTANT TERM,

INDEX ARRAY OF TERM NUMBERS IN THE REGRESSION EQUATION

NOIN NUMBER OF TERMS IN THE REGRESSION EQUATION

NOMAX INDEX NUMBER OF MOST SIGNIFICANT TERM NOT CURRENTLY IN THE
REGRESSION EQUATION

NOMIN INDEX NUMBER OF LEAST SIGNIFICANT TERM CURRENTLY IN THE
REGRESSION EQUATION

NOSTEP STEP NUMBER FOR CURRENT PASS

NOTEM1 NUMBER OF TERMS CONSIDERED PER PASS MINUS ONE

NOTEPR1 NUMBER OF TERMS CONSIDERED PER PASS PLUS ONE

NOTER NUMBER OF TERMS CONSIDERED PER PASS INCLUDING THE DEPENDENT
VARIABLE

NSTPM] STEP NUMBER FOR CURRENT PASS MINUS ONE

R MULTIPLE CORRELATION COEFFICIENT FOR THE CURRENT REGRESSION
EQUATION

RSQ COEFFICIENT OF DETERMINATION FOR THE CURRENT REQRESS]ION
EQUATION

S1GMA ARRAY CONTAINING THE SQUARE ROOT OF THE RESIDUAL SUM OF SQUARES
FOR EACH AVAILABLE TERM

SIGMCO ARRAY CONTAINING THE STANDARD ERRORS OF THE COEFFICIENTS OF THe
REGRESSION EQUATION

SIGY STANDARD ERROR FOR CURRENT REGRESSION EQUAT]ON

v REGRESSION MATRIX

VAR ARRAY CONTAINING VARIANCE CONTRIBUTION OF EACH AVAILABLE TERM

VMAX VALUE OF VARIANCE CONTRIBUTION FOR MOST SIGNIFICANT TERM NOT
CURRENTLY IN THE REGRESSION EQUATION

VMIN VALUE OF VARIANCE CONTRIBUTION FOR LEAST SIGNIFICANT TERM

CURRENTLY IN THE REGRESSION EQUATION
#%#% PROGRAM ¥*x¥*

SUBROUTINE SCOREB(NOTER IFCNSTeIBREFINGEFOUT ¢ INDEXeNOIN«CNSTeACCF
1ACSIGY)
DIMENSION V(31+31)eAVE(30)¢SIGMA(30) «COEN(I0) o INDEX(30)¢SIGMCO(30)
COMMON V ¢COEN
1BR=1

565 NOTEM1=NOTER-1

566 NOTEP1=NOTER+1

20 FORMAT(4(1Xe2HT (e ]12¢3H) =4E10Q0e3))

Figure E-29. SCORE-8 Subprogram -- FORTRAN Program Listing (1 of 4)
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FIGURE E-29 PAGE 2 OF 4
SCORE-8 SUBPROGRAM LISTING

25 FORMAT( 3X5HY =+E1063)
35 FORMATI(3(1Xe2HT (4 12¢7H) VS T(+12¢2H)=eE10e3))
40 FORMAT(3(1X+2HT(s12s11H) VS Y =+E10e3))
45 FORMAT (1Xe15H Y VS Y =+£10e3)
CALCULATION OF RESIDUAL SUMS OF SQWUARES AND CROSS PRODUCTS
65C IF(IFCNST)F00+651¢780
651 IF(VI(NOTEPRPI«NOTEP1))6524+6524655
652 PRINT 654
654 FORMAT(31H ZERO NUMBER OF DATA, SO LONGs)
GO TO 910
655 DO 660 1=1+NOTER
670 DO 660 J=1+NOTER
660 V(1eJ)=V(IeJ)=(VII«NOTEP1)I*¥V(J«NOTEPI)/VINOTEP1 +NOTEP1))
680 DO 690 1=1+NOTER
690 AVE(I)=V(I+NOTEP1)/VI(NOTEP1 +NOTEP1)
780 NOSTEP=-1|
782 DEFR=V(NOTEPRP ] +NOTEP1)=140
790 DO 800 I=1+NOTER
791 IF(V(1e1))T792¢7944810
792 PRINT 79341
GO TO 910
793 FORMAT(31H ERROR RESIDUAL SUUARE VARIABLE«I4+31H IS NEGATIVE «PROBL
1EM TERMINATED)
794 PRINT 79S1
795 FORMAT(//79X+SHTERM(+12+13H) IS CONSTANT)
796 SIGMA(1)=1.0
797 GO TO 800
810 SIGMA(I)I=SQRTF(V(141))
800 V(1+1)=140
820 DO 830 I=1+NOTEMI
84C [P1=1+1
841 DO 830 J=1P1+NOTER
B850 V(1eJ)=VII+J)/(SIGMA(]I)*SIGMA(J))
830 V(Js1)=V(1ad)
1000 NOSTEP=NOSTEP+1
1001 IF(V(NOTERNOTER)+.00001)1002+1002+1010
1002 NSTPM1=NOSTEP-1
PRINT 1004 ¢NSTPM1
1004 FORMAT(// +38BHY SQUARE NON-POSITIVETERMINATE STEP +19)
GO TO 1381
1010 SIGY=SIGMA(NOTER)*SQRTF(V(NOTER«NOTER) /DEFR)
1011 RSQ=1¢0-VI(NOTERNOTER)
R=SGRTF (RSQ)
1015 DEFR=DEFR~1,0
1016 IF(DEFR)10184+1018,1020
1018 PRINT 1019«NOSTEP
1019 FORMAT(//+31H NO MORE DEGREES FREEDOM STEP +15)
GO TO 1381
1020 VMIN=0,0
1030 VMAX=060
1035 NOIN=0
1040 DO 10S0 1=1NOTEM]
1041 IF(V(1+¢1))1043¢4105041060

Figure E-29, SCORE-8 Subprogram -- FORTRAN Program Listing (2 of 4)
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FIGURE E-29 PAGE 3 OF 4
SCORE-8 SUBPROGRAM LISTING

1043 PRINT 104441 ¢NOSTEP
1044 FORMAT(//+11H SQUARE X=+15¢19H NEGATIVEe SO LONG +15¢6H STEPS)
1045 GO TO 910
1060 IF(V(1+1)-e00001)10504+108041080
1080 VAR=V(I+NOTER)*V(NOTERWI)I/V(Isl)
1090 IF(VAR)11004105041110
1100 NOIN=NOIN+1
1120 INDEX(NOIN)=1
1130 COEN(NOIN)=V(I+NOTER)#SIGMA(NOTER)/SIGMA(])
1140 SIGMCO(NOIN)=(SIGY/SIGMA( 1)) *SQRTF(V(1e1))
1150 IF(VMIN)1160411704904
904 PRINT 906
906 FORMAT(26H ERRORs VMIN PLUSe SO LONG)
GO TO 910
1170 VMIN=VAR
1180 NOMIN=1
1190 GO TO 1050
1160 IF(VAR=VMIN)1050¢1050¢1170
1110 IF(VAR-VMAX)1050+105041210
1210 VMAX=VAR
1220 NOMAX=1
1050 CONTINVE
1230 IF(NOIN)9034+124041245
903 PRINT 907
907 FORMAT(27H ERRORs NOIN MINUSe SO LONG)
GO TO 910
1240 PRINT 65¢SIGY
65 FORMAT (//25H STANDARD ERROR OF Y = 4E12e5//)
1260 GO TO 1350
1245 IF(IFCNST)9004125041246
1246 CNST=0,60
1247 GO TO 1300
1250 CNST=AVE (NOTER)
1270 DO 1280 1=1eNOIN
1290 J=INDEX(1)
1280 CNST=CNST-(COEN(1)*AVE(J))
1300 IF(NOENT)1311+131141313
1311 PRINT 91 +NOSTEP K
91 FORMAT(//9H STEP NO +15¢/3X+13HTERM REMOVED +18)
1312 GO TO 1314
1313 PRINT 92«NOSTEP K
92 FORMAT(//9H STEP NO +15¢/3X+s14HTERM ENTERING +18)
1314 PRINT 70 ¢FLEVEL +SIGYsRSQeReCNST s ( INDEX(J) sCOEN(JI) +SIGMCO(J) sU=1 oNO
1IN)
70 FORMAT(12H F LEVEL =+E12.5724H STANDARD ERROR OF Y =4E12,95/27H
1 COEFF OF DETERMINATION =F12.8/26H MULTIPLE CORLTN COEFF =+F1
22.8//18H CONSTANT TERM =4E1245/58H TERM NOe COEFF IC
3IENT STD ERR OF COEFF /(S5Xs2HT(412+1H) +113XsE12e5+10XeE12e5))
1320 IF(ACCFAC-S1GY) 1044138041380
104 IF(V(NOTERWNOTER))101+1014102
101 FLEVEL==14E10
GO TO 1350
102 FLEVEL=VMIN#DEFR/V (NOTERsNOTER)

Figure E-29., SCORE-8 Subprogram -- FORTRAN Program Listing (3 of 4)
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FIGURE E-29 PAGE 4 OF 4
SCORE~-8 SUBPROGRAM LISTING

1330 IF(EFOUT+FLEVEL)13504¢1350e1340
1340 K=NOMIN
1345 NOENT=0
GO TO 1391
1350 VX=V(NOTER«NOTER)=-VMAX
IF(VX)1004100+1360
100 FLEVEL=1,E10
GO TO 1370
1360 FLEVEL=VMAX*DEFR/VX
IF(EFIN-FLEVEL)13704136141380
1361 IF(EFIN)13804+138041370
1370 K=NOMAX
1390 NOENT=K
1391 IF(K) 1392139241400
1392 PRINT 1395NOSTEP
1395 FORMAT(12H K=0e STEP +16¢8H SO LONG)
1394 GO TO 910
1400 DO 1410 1=1+NOTER
1420 IF(1-K)14304141041430
1430 DO 1440 JU=1+NOTER
1450 IF(J-K)1460¢144041460
1460 V(1eJ)=VITed)=(VIIsKIFV(KeJ)/VIKK))
1440 CONTINUE
1410 CONTINUE
1470 DO 1480 1=1+NOTER
1380 IF{]-K}i50C.1480,15C00
1500 V(1eK)==V(1eK)/V(KsK)
1480 CONTINUE
1510 DO 1520 J=1NOTER
1530 IF(J-K)1540+152041540
1540 V(K4J)=V(KeJ)/VIKK)
1520 CONTINUE
1550 V(KeK)=140/VIKeK)
1560 GO TO 1000
1380 PRINT 75+NOSTEP
75 FORMAT(11H COMPLETED +15¢20H STEPS OF REGRESSION)
1381 RETURN
900 IBR=-1
RE TURN
910 IBR=0
RETURN
END

Figure E-29. SCORE-8 Subprogram -- FORTRAN Program Listing (4 of 4)
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SCORE APPLICATION TO A SAMPLE PROBLEM

In order to demonstrate the effectiveness of the SCORE program in
constructing an equation from a set of data, the following sample problem
was run.

Starting with the equation
2 2
y = 2Xl -4X|—3X2 +12X2-10 + K

a set of twenty-five data points was generated for various values of X,
and X, . A noise factor (E in the above equation) was added to more
closely simulate a set of laboratory measurements. This noise factor
was selected at random from a normal distribution having a mean of
zero and a standard deviation of 0. 1,

Data Transmittal Form I as filled out for this problem is shown in
Figure E-30. Counting the blank cards separating the comments, a

total of nine cards are used as comment cards. Therefore, a 9 is
entered on Card 1 as shown. Following this card are the comment cards.

Data Transmittal Form II is shown in Figure E-31. Assuming a maximum
allowable probability of committing the error of entering a variable into
the regression equation when it should not be entered to be .05, (p = .05)
and entering the F-level chart given as Table E-II on Page E-31 for

25 variables (n=25), gives a value of F-level for entering approximately
equal to 4. This value is inserted as F-LEVEL IN on Control Card 1.

Assuming a maximum allowable probability of committing the error of
removing a variable from the regression equation when it should not
have been removed to be .25 (p=.25), and entering the F-level chart,
gives a value of F-level for removing (using interpolation) approximately
equal to 1. This value is inserted as F-LEVEL OUT on Control Card 1.
Assuming a desired standard deviation for the errors in the regression
equation to be .01, this value is entered as STD. DEVIATION on
Control Card 1. Since a constant term is expected for the regression
equation,the CONSTANT indicator is set to 0. The number of variables
is two independent and one dependent for a total of 3. Therefore, NO.
VARIABLES is set to 3. There are 25 data points for this particular
problem. Therefore, NO. DATA is set to 25.
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A reasonable number of terms to be considered per pass for a three
variable problem is 10. Therefore, NO. TERMS on Control Card 2
is set to 10.

The maximum desired interaction order must be limited to 2 since
there are only 2 independent variables. Also products of X; and X,
were to be considered in order to complicate the problem. Therefore,
INTERACTION ORDER is set to 2. Since no a prior information was to
be given the program, all initial selection weights were set equal.
Therefore, INTERACTION WEIGHT, VARIABLE WEIGHT, and FUNCTION
WEIGHT indicators are all set to 1. The number of functions to be con-
sidered for each independent variable was set to 6. This allows the
powers 1, -1, 2, -2, 1/2 and -1/2 to be applied to the independent
variables. Therefore, NO. FUNCTIONS was set to 6. (See Table E-I
for a definition of the allowable functions).

The next set of cards to be prepared contains the actual data point values
for the two independent variables and the dependent variable along with
an identification number for each data point. These entries are shown
on Data Transmittal Forms IT and IlI. (Figures E-31 and E-32.) Sub-
mitting these data cards to the SCORE program results in the computer
output sheets as shown in Figure E-33.

Initial output consists of the comment cards prepared as inputs, the
control values of F-level for entering and F-level for removing, and
the desired value for the standard error of the regression equation.
Following this is a print-out of the input data points.

Pass number 1 is then begun. The ten available terms as randomly
constructed for this pass are then listed. Following this is a step-by-
step record of the actual equation construction along with other pertinent
information about the quality of the fit at each step. After Step 4 of

the first pass, there are no more terms available which meet the
requirements for entry into the equation and there are no terms in the
equation which do not meet the requirements for remaining.

A listing of the predicted values for the dependent variable using the
regression equation constructed during Pass 1 along with the actual
input values is then given for each data point.

Pass number 2 is then begun. Those terms which successfully entered
the regression equation during Pass 1 (namely T (1), T(8), T(9),

and T(10)) are now included in the set of 10 available terms for Pass 2.
The remaining six terms are again randomly constructed, this time
taking advantage of what was learned during Pass 1 (see previous text
for a discussion of the learning process).
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» FIGURE E-33 PAGE 1 OF 9
COMPUTER OUTPUT SHEETS FOR SAMPLE PROBLEM

SCORE SAMPLE PROGRAM
REGRESSION ANALYSIS FOR THE EQUATION
Y=2e XX (1) RUZ2=G e %X (]1)=3eXX(2)%%24+12e%X(2)=100¢
WITH WHITE NOISE HAVING A MEAN OF Qe AND A SIGMA OF 0.l

DATE 8/25/65

F LEVEL TO ENTER VARIABLE = 4,000000
F LEVEL TO REMOVE VARIABLE = 14000000
DESIRED VALUE OF STANDARD ERROR = 4010000
DATA SET le
X( 1) = 4,000E-01 X( 2) = 1+400E-00
Y  ==5,215E-01
DATA SET 2
X( 1) = 4,000E-01 X( 2) = 1,800E-00
Y = 7.362E-01
DATA SET 3.
X{ 1y = 4.000E-01 X( 2) = 2,200E-00
Y = 7.834E-01
DATA SET 44
X( 1) = 44,000E-01 X({ 2) = 2,600E~-00
Y ==24424E-01
DATA SET Se
X( 1) = 4,000E-01 X( 2) = 3,000E-00
Y ==2,177E-00
DATA SET 6.
X{ 1) = Be4000E-01 X( 2) = 1+400E-00
Y ==94396E-01
DATA SET 7.
X( 1) = B8e4000E~01 X( 2) = 1¢800E-00
Y ==24.146E-02
DATA SET 8.
X( 1) = BeOOOE=-01 X( 2) = 24200E-00
Y  ==9,224E-02
Figure E-33.

Sample Problem Computer Output Sheets (1 of 9)
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FIGURE E-33 PAGE 2 OF 9 .
COMPUTER OUTPUT SHEETS FUR SAMPLE PROBLEM :

DATA SET e
X( 1) = B8,000E-01 X( 2) = 2¢600E-00
Y ==8,853E~01

DATA SET 10
X{ 1) = 84,000E~-01 X(C 2)
Y ==3,013E-00

34000E-00

DATA SET 11e.
X{ 1) = 14200E~00 X( 2) = 14400E-00
Y ==14165E-00

DATA SET 12
X({ 1) = 14200E~-00 X({ 2) = 14800E-00
Y ==14159E-01

DATA SET 13
XC 1) = 14200E-00 X( 2)
Y ==1,,004E-01

2¢200E-00

DATA SET 14,
X( 1) = 14200E~-00 X( 2) = 24600E-00
Y =~1,000E-00

DATA SET 1S
X({ 1) = 14200E~00 X( 2) = 3.000E-00
Y ==2,846E~-00

DATA SET 16,
X( 1) = 14600E-00 X( 2) = 14400E-00
Y ==44228E-01

DATA SET 17,
X( 1) = 1,600E-00 X( 2) = 1.800E-00
Y = 4,167E-01

DATA SET 18
X 1) 1 e600E-00 X( 2) = 24200E-00
Y S+470E~0O1

DATA SET 19,
X( 1) = 14600E-00 X( 2) = 2+600E-00

Y  =~4,034E-01
DATA SET  20.
X( 1) = 1.600E-00 X( 2) = 3+000E-00

Y  2-2,246E-00

Figure E-33.
Sample Problem Computer Output Sheets (2 of 9)
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FIGURE E~-33 PAGE 3 OF 9
COMPUTER OUTPUT SHEETS FUR SAMPLE PROUBLEM

DATA SET 21
X( 1) = 2,000E~00 X( 2) = 14400E-00
Y = 1,097€E~00

DATA SET 22
X( 1) = 26000E~00 X( 2) = 1.800E-00
Y = 14903E~00

DATA SET 23

X 1) = 2.000E~00 X( 2) = 2,200E-00
Y = ] 4893E-00

DATA SET 24,

X( 1) = 2,000E-00 X( 2) = 2+600E~-00

Y = Be141E-01
DATA SET 25

X( 1) = 2,000E~00 X{ 2) = 3.000E-00
Y ==9,481E-01

Figure E-33.
Sample Problem Computer Output Sheets (3 of 9)
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COMPUTER OUTPUT SHEETS FUR SAMPLE PROBLEM

TERM DESCRIPTIONS

TERM( 1)

TERM( 2)

TERM( 3)

TERM( 4)

TERM( 5)

TERM( 6)

TERM( 7)

TERM( 8)

TERM( 9)

TERM(10)

INTERACTION OF
COMPONENT( 1) =

INTERACTION OF
COMPONENT( 1) =

INTERACTION OF
COMPONENT( 1) =
COMPONENT( 2)

INTERACTION OF
COMPONENT( 1)
COMPONENT( 2)

" n

INTERACTION OF
COMPONENT( 1) =

INTERACTION OF
COMPONENT( 1) =

INTERACTION OF
COMPONENT( 1) =
COMPONENT( 2y =

INTERACTION OF
COMPONENT( 1) =

INTERACTION OF
COMPONENT( 1) =

INTERACTION OF
COMPONENT( 1) =

STANDARD ERROR OF Y =

Sample Problem Computer Output Sheets (4 of 9)

FIGURE E-33

PASS NUMBER i

ORDER 1 WITH.

1)*¥*(~-26000)

ORDER 1 WITH.

2)%%(~=]14000)

ORDER 2 WITH.

1)%¥%(~-16000)
2) k% (=24000)

ORDER 2 WITH.

1)%%( —¢500)
2)%%( 14000)

ORDER 1 WITH

2)%%{( —=¢500)

ORDER 1 WITH.

2)¥%¥(-24000)

ORDER 2 WITH.

1)®%( 1,000)
2) %% (~2,000)

ORDER 1| WITH.
X( 2)%%( 24,000)

ORDER 1 WITHo»

1)#%( 2,000)

ORDER 1 WITH.

2)*%( 14,000)

1 ¢29263E~-00

Figure E-33.
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FIGURE E-33
COMPUTER OUTPUT SHEETS FOR SAMPLE PROBLEM

STEP NO 1
TERM ENTERING 8
F LEVEL = 1,18408E+01
STANDARD ERROR OF Y = 1407284E-~00
COEFF OF DETERMINATION = « 33985582
MULTIPLE CORLTN COEFF = ¢ 58297154
CONSTANT TERM = 1,416374E-00
TERM NO, COEFF ICIENT
T( 8) -2¢94939E~-01
STEP NO 2
TERM ENTERING 10
F LEVEL = 2+21918E+01
STANDARD ERROR OF Y = 773979E-01
COEFF OF DETERMINATION = «67136098
MULTIPLE CORLTN COEFF = «81936620
CONSTANT TERM =-1,13800E+01
TERM NOe COEFF ICIENT
T 8) -3+400300E-00O
T(10) 120533E+01
STEP NO 3
TERM ENTERING 9
F LEVEL = 2.,47186E+01
STANDARD ERROR OF Y = 5¢36900E-01
COEFF OF DETERMINATION = « 84904594
MULTIPLE CORLTN COEFF = +92143689
CONSTANT TERM =-1.20590E+01
TERM NO. COEFF ICIENT
T( 8) =3,00300E~-00
T 9) 3.85803E-01
T(10) 1.20533E+01
STEP NO 4
TERM ENTERING 1
F LEVEL = 1,05332E+02
STANDARD ERROR OF Y = 24¢19772E~01
COEFF OF DETERMINATION = 097591133
MULTIPLE CORLTN COEFF = «98788224
CONSTANT TERM =-1,31588E+01
TERM NO. COEFFICIENT
TC 1) 2¢84199E-01
Tt 8) -3+400300E~00
TC 9) 7¢15279E~01
T€10) 120533E+01
COMPLETED 4 STEPS OF REGRESSION

STOD ERR OF COEFF
8e57118E-02

STD ERR OF COEFF
5478176E-01
2¢55865E~00

STO ERR OF COEFF
4401074E-01
7 ¢ 75984E~02
177490E-00

STD ERR OF COEFF
2¢76913E-02
l1¢64173E-01
4.51611E-02
7¢26531E~01

PAGE S OF 9

Figure E-33., Sample Problem Computer Output Sheets (5 of 9)
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RUN NO.

le
2e
3e
Q.
Se
6e
Te
Be
Se
10,
11l
12
13,
14,
1S,
16
17
184
19,
20
21,
22,
23,
244
25

PREDICTED VS ACTUAL

ACTUAL

~5421510E-01
7e¢36260E~-01
7¢83400E-01
~2e42430E~-01
~2417773E-00
~9¢39690E-01
~2414600E-02
~9422400E~02
-8¢85350E-01
-3,01356E-00
-1416559E-00
~1415970E-01
~1,00480E~01
~1,00096E-00
~2,84658E-00
-4 ,22820E-01
4416720E-01
5647090E-01
-4,03470E-01
—2.24687E~00
1,09706E-00
1e90312E-00
1 e 89336E-00
8e¢14130E-01
-G ,4,48120E-01

FIGURE E-33
COMPUTER OUTPUT SHEETS FOUR SAMPLE PROUDLEM

PREDICTED

~2e¢79360E-01
6.98135E£-01
7e14668BE-01
-2e29759E~-01
-2¢135195E~00
-1426821E~-00
-2¢90717E~01
-2¢74184E-01
~-121861E-00
-3412400E-00
~9e42691E-01
3+44B045E-02
Se13381E-02
-8493090E-01
-2¢79848E-00
-2027923E-01
T7¢49572E-01
T7¢66106E-01
-1478322E-01
-2.08371E-00
7¢62114E-01)
1 73960E-00
1¢75614E-00
8e11714E-01
-1409367E-00

RESULTS

DEVIATION

2042149E~01
~3481248E~-02
-6¢87312E-02
1426703E~02
4 425799E-02
~-328523E-01
~-2¢69257E-01
~1e81944E-01
—3e33262E-01
-1e10443E-01
2022898E-01
150774E-01
151818E-01
1,07869E-01
4 ¢80993E~02
1 ¢94896E-01
3432852E-01
2¢19016E-01
2e25147E-01
1e63157E-01
~3¢34945E-01
-1463510E-01
-1437216E-01
-2e¢41512E-03
—=1e45555E~-01

Figure E-33,

PAGE 6 OF 9

PERCENT DEVe

4464323E+01
-5.17817E-00
~-8¢77345E-00
5¢22640E-00
1 e95524E-00
—-3¢49608E+01
-1425469E+03
—-1+497250E+02
~3+76419E+01
-3.66487€E~-00
1e91232E+01
130011E+02
1.51092E+02
1,07766E+01
1.68972E~00
4460945E+01
7e98743E+01
4,00329E+01
5.58028E+01
7.26153E~-00
-3+05312E+01
-8459169E~00
~T7¢24725E-00
-2e96650E~-01
-1¢53520E+401

Sample Problem Computer Output Sheets (6 of 9)
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COMPUTER OUTPUT SHEETS FOR SAMPLE PROBLEM

TERM DESCRIPTIONS

TERM( 1)

TERM( 2)

TERM( 3)

TERM( 4)

TERM( 5)

TERM( &)

TERM( 7)

TERM( 8)

TERM( 9)

TERM(10)

INTERACTION OF
COMPONENT( 1) =

INTERACTION OF
COMPONENT( 1) =

INTERACTION OF
COMPONENT( 1) =

INTERACTION OF
COMPONENT( 1) =

INTERACTION OF
COMPONENT( 1) =

INTERACTION OF
COMPONENT( 1) =
COMPONENT( 2) =

INTERACTION OF
COMPONENT( 1) =

INTERACTION OF
COMPONENT( 1) =

INTERACTION OF
COMPONENT( 1) =

INTERACTION OF
COMPONENT( 1)
COMPONENT( 2

STANDARD ERROR OF Y =

FIGURE E-33

PASS NUMBER 2

ORDER 1 WITH.

1) *¥#(-2,000)

ORDER 1 WITH.

2)%%( 2,000)

ORDER 1 WITH.

1)#%( 24000)

ORDER 1 WITH,

2)%%( 1,000)

ORDER 1 WITH.,

1)%#( 1,000)

ORDER 2 WITHo

1)%¥%( 2,000)
2)%%( 1,000)

ORDER 1 WITH.

2)#*( «500)

ORDER 1 WITH.

2)%#%¢~1.000)

ORDER 1 WITH.

2)%#%( —-¢500)

ORDER 2 WITH.

1)®¥( 2,000)
2)%¥%( ¢500)

129263E~00

Figure E-33.
Sample Problem Computer Output Sheets (7 of 9)
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L

FIGURE E

-33

COMPUTER OQOUTPUT SHEETS FOR SAMPLE PROBLEM

STEP NO 1
TERM ENTERING 2
F LEVEL = 1,18408E+01
STANDARD ERROR OF Y = 107284E-00
COEFF OF DETERMINATION = ¢ 33985582
MULTIPLE CORLTN COEFF = e 58297154
CONSTANT TERM = 1616374E-00
TERM NO. COEFFICIENT
T 2) =-2e¢94939E-01
STEP NO 2
TERM ENTERING 4
F LEVEL = 221918E+401
STANDARD ERROR OF Y = 7¢73979E-01
COEFF OF DETERMINATION = «67136098
MULTIPLE CORLTN COEFF = «81936620
CONSTANT TERM =-1413800E+01
TERM NQO o COEFFICIENT
T 2) -300300E-00
T 4) 1¢20533E+01
STEP NO 3
TERM ENTERING 3
F LEVEL = Z2447186E+01
STANDARD ERROR OF Y = 5436900E-01
COEFF OF DETERMINATION = 84904594
MULTIPLE CORLTN COEFF = 092143689
CONSTANT TERM =-120590E+401
TERM NO. COEFFICIENT
T 2) =3400300E-00
TC 3) 3.85803E-01
T 4) 1¢20533E+01
STEP NO 4
TERM ENTERING S
F LEVEL = 6,13745E+02
STANDARD ERROR OF Y = 9477340E-02
COEFF OF DETERMINATION = 099523613
MULTIPLE CORLTN COEFF = 099761522
CONSTANT TERM =-9,87280E-00
TERM NO, COEFFICIENT
T 2) «~3400300E~00
T 3) 2¢16034E-00
T 4) 1¢20533E+401
T 5) —4¢42453E~-00
COMPLETED 4 STEPS OF REGRESSION

STD ERR OF COEFF
8e¢57118E-02

STV ERR OF COEFF
578176E-~01
2¢55865E~-00

STDO ERR OF COEFF
4+01074E-01
Te75984E-02
1e77490E-00

STD ERR OF COEFF
7¢30091E-02
7¢30091E~-02
3423093E-01
178596E~0Q1

PAGE & OF 9

Figure E-33. Sample Problem Computer Output Sheets (8 of 9)
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RUN NO,

le
2

4.6
Se
6o
7o

Se
10,
11,
12
14,
15,
16,
17
19,
20
21lae
234
244

PREDICTED VS ACTUAL

ACTUAL

-5¢21510E-01
7¢36260E-01
7483400E-01

-2e42430E-01

-2417773E-00

-9 ¢39690E-01

-2414600E~-02

~-9¢22400E-02

-B8.85350E-01

-3.01356E-00

-1e416559E~00

-1415970E-01

~1400480E-01

-1400096E~-00

—2+84658E-00

-4 422820E-01
4416720E-01
5+47090E-01

~4403470E-01

~2e24687£-00
1,09706E-00
1.90312E-00
1489336E~-00
Be14130E-01
-9+48120E-01

FIGURE E-33
COMPUTER OUTPUT SHEETS FUR SAMPLE PROpLEM

PREDICTED

=-3408146E-01
6e469349E~01
6+85882E~-01
-2¢58545E-01
-2 16393E~-00
-1604099E~-00O
~6e349601E~-02
-4 069625E-02
-F¢91390E~-01
—-289678E-00
~108252E£-00
~1¢05030E-01
~B8e84967E~02
~1603292E-00
-2¢93831E~00
~4 ¢32748BE-01
Se44746E-01
5¢61280E-01
-3483148E~01
-2¢28853E-00
F.08339£~01
188583E-~-00
1e90236E-~00
9e57939E~-01
-9447450E~01

RESULTS

DEVIAT]ON

2e13363E~01
-6¢69108E-02

-9 4751 72E-02

-1461156E-02
1 e37939E~02
~1401301E-01
~-44203601E~-02
4452774E-02
~-1e¢06040E~01
116778E-01
8¢ 30640E-02
1.09396E-02
119832E-02
-3619651E-02
-Fe173050E-02
-9e92897E-03
128026E~-01
1¢41902E-02
2¢03218E~02
-4 16685E-02
-188720E-01
-1 e7282E-0&
9400834E-03
143809E~01
6 ¢69542E~-04

Figure E-33.

PAGE 9 OUF 9

PERCENT DEVe

4409126E+01
-9¢08793E-00
~1424479E+01
~6¢64755E~-00
6e33409-01
-107803E+01
~1e¢95881E+402
490865c+01
-1e19772E+01
3e87510E-00
7e¢12635E-00
9443317€-00
1e¢19260E+01
-3¢ 19344E-00
~3e22265E-00
~-234827E~-00
3607224E+01
2¢59376E-00
503676E~-00
-185451E-00
-1e72024E+01
-9408258E-01
475786E-01
le76642E+01
7606179E~02

Sample Problem Computer Output Sheets (9 of 9)
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Now a new regression equation is constructed. This time the terms of
the original equation used to construct the input data _are all included in
the 10 available terms (namely T(2) which is the X2 term, T(3) which
is the X ¢ term, T(4) which is the X, term, and T(5) which is the

X, term). These four terms are selected by the program and Pass 2
is terminated. Note the value of standard error for the dependent
variable after Step 4 to be .0977. This is to be expected, since the
noise superimposed on the input data has a standard deviation of . 1.

The final equation for Pass 2 is

y = 2.16 X’ - 4.424 X, - 3.003 X, +12.05 X, - 9.8728

which agrees very well with the initial equation from which the data
was generated.
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APPENDIX F

OPTIMIZATION

(Generalized Random Extremum Analysis Technique)
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INTRODUCTION

In recent years considerable time and money have been expended on the
development of techniques for system optimization. This interest can
generally be attributed to the complexity of modern systems, to the high
cost of these systems, and to the extreme performance and reliability
characteristics demanded of these systems. The interest in system
optimization at LSI led eventually to the development of the PRESTO*

coincept.

The role of optimization in the PRESTO methodology is that of determining
a combination of the system parameters which yield an optimum system.
Mathematically, this is equivalent to maximizing or minimizing a function
of the system parameters. Unfortunately, the functions which describe
modern complex systems, such as the Launch Vehicle System, are not well
behaved. That is, the functions are either highly non-linear, non-linearly
constrained, or they or their derivatives do not satisfy certain conditions
of continuity and differentiability. For this class of problems, a closed-
form analytical solution cannot be obtained. In these cases the use of a
high-speed digital computer is required in the determination of the optimal
solution.

The technique developed to determine the optimal system configuration
within which the constraints on the system parameters are satisfied is a
Generalized Random Extremum Analysis Technique. GREAT can perhaps
best be described as a combination of the direct search and gradient
techniques to which has been added a learning capability.

*Performance, Reliability, and Economics Simulation Techniques for
Optimization.

F-4




FUNCTION

When considered within the framework of the PRESTO concept, the objective
function (the function to be optimized) can be either one or a combination of
three models: the Economics model, the Reliability model, and the Perfor-
mance model. A possible strategy might be to minimize the cost of a system
while maintaining a reliability limit and various performance specifications.
Another possibility might be to maximize the system reliability subject to

a cost constraint. However, for the sake of generality the reference will be
to only an objective function and to constraining functions.

2.1 OBJECTIVE AND CONSTRAINING FUNCTIONS

The objective function may be thought of as the functional relation-
ship of the system parameters which describe a particular system charac-
teristic presented for optimization. The constraining functions are functional
relationships of the constituent system parameters by which these system
parameters are restricted.

The dependent variabie Y is a4 function i of N independent variables X,

X,, X5, ..., X . The function is defined in a domain given by

-~

A

nimin) = A4S A (max)

n=1,2,3,...,N,
The quantities X (min) and X mex) @re the minimum and maximum values,
respectively, of the N independent variables.

Each constraint G, is a function g; of all, or part of, the same
N independent variables X,, X, X3, ..., Xy (j = 1, 2, ... p; where p

.is the number of constraining functions). These functions are defined in the

same domain as given above.

The objective function is restricted only in that it must exist everywhere
in the N space. The constraining functions are subjected to an additional
restriction in that these functions must be inequality functions of the form

G, = g, X, X, X3, ..., Xy) 2 0.

F-5



The intervals

[X n{min) » X n(mox)]

of each of the N independent variables are divided into M, -1 equal sub-

intervals
[Xn(m Xn(2)>’ [Xn(Z) ’ anb’)); e
Xn(Mp-2) 5 Xn(Mn—n> ; [Xn(Mn-—I) ) xn(Mn)]
where
Xty = Xo(min)
and
Xn(Mn) = Xa(mox)e

Define the interval size

X n{max) ~ Xn(min)

M,-1

F-6




GREAT METHODOLOGY

The Generalized Random Extremum Analysis Technique (GREAT) is a
procedure for locating the extrema of an objective function by a systematic
evaluation of the objective and constraining functions. (See Figure F-1.)
The search for the extremum originates at a probabilistic starting point in
the N dimensional feasible space. The search is initiated and continued
in the direction of steepest descent until a local extremum* on the search
direction has been located or until a boundary or a constraint is encountered.
If the conditions for optimality are not satisfied at the local extremum (the
boundary or constraint point), a new direction of search is computed by the
steepest descent or auxiliary methods. The procedure is iterated until a
relative extremum’ has been found. At each iteration a learning scheme
is utilized which affords a means of profiting from the previous investiga-
tions. After a suitable number of investigations, the global extremum®* is
selected from the group of relative extrema.

3.1 PROBABILISTIC STARTING POINT SELECTION

A Starting Point is selected by a probabilistic selection procedure
which, by the multiplicity ot these Starting points, tends to assure a com-
plete investigation of the objective function. The degree of confidence which
can be assumed in the obtained solution being the global extremum is
proportional to the completeness of this investigation.

3.1.1 Weighting Function

The task of generating the probabilistic points is accomplished
by the utilization of a Weighting Density Function and its integral, the
Weighting Distribution Function.

The weighting density function (Figure F-2) is defined by

0 for Xn< Xn(min)

w (Xn) = wn(m) for Xn(m)s Xan< Xn(m+l)

0 for X, > X

n(max)

*The local extremum is the extremum on a particular search direction.

+A relative extremum is that point from which no further optimization
can be made.

*The global extremum is merely the most extreme point in a region.

F-7




Xo (MAX)

Xz(M|N)

- — BOUNDARIES

CONSTRAINTS (G, ,G,)
———————— OBJECTIVE FUNCTION EQUIPOTENTIAL LINES
SHADED AREA  FEASIBLE REGION

o FEASIBLE STARTING POINT
4 SEARCH DIRECTION

® OPTIMUM

Figure F-1. Graphical Definition of Terminology
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where [Xn(m) , Xn(m.)] is the m® subinterval and Wi (m)is some constant

in the m'? subinterval and where

+0D xn(max)
f W (X,)d X, = f WX,)dX, = L
-0

Xn(min)

The integral of the weighting density function

n
\'/ (xn) = f w (xn) d X,
Xa(min)
is the weighting distribution function (Figure F-2).

Initially, the weighting density function is chosen uniformly with

Wn’“) = WH(Z) = g cee = W"(Mn‘l) .

The selection of subsequent starting points is weighted to reduce the
probability of selecting points in the neighborhood of previously investigated
points. '

A random number R, is generated for each independent variable, such that

0< Ra<l.

The quantity

Xn{m}
V X)) = W(X,)dX,

Xn(min)

is the value of the weighting distribution function at the m th subdivision.

F-10
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Then let q, be the maximum value of m such that
Rnp 2V (Xn(rn)) .
The initial value for the n'" independent variable is given by

Ro -V (Xn(gn))
Xn,O = Xn(min) + q, Dxn +

W (Xa(g,1) DX,

n(gn
The weighted random starting point is then given by
(Xn,o » X205 X305 v0e s XN,O) .

3.1.2 Adjustment of Weights

Prior to the selection of the first starting point, the probabilities
associated with all points are identical. IIowever, after a starting point
has been selected, the weight associated with the subinterval in which the
point lies is reduced by a factor C, where C > 1. Hence, the probability
of selecting subsequent points within the particular subinterval is reduced.
The weight adjustment is given by

Wn(m )

- Womys n=1,2,3, ..., N;
C

where m is such that
Xn(m) < Xn,o < Xn(mH)-

3.1.3 Normalization of Weights

To effect the proper correspondence between the random number
and the weighting distribution function in the generation of the probabilistic
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starting points, the weights of the density function must be normalized.
To accomplish the normalization, the weight attached to each subinterval
is divided by the product of the interval size (DX, ) and the summation of
the weights over all M, -1 subintervals.

Wn (m)

Mn'l
Axn z Whim)
m=|

- Wn(m)

for m=1,2,3,..., M,-1 and

Thus

a3

DX,

“n(m)

M
€

and

xn(njox)
f W(X)dX, = 1.

xn(min)

3.1.4 Region of Feasibility

The point from which the search for an extremum orginates must
be in the feasible region. The feasible region (Figure F-1) may be defined
as the N dimensional space which violates no boundaries of the independent
variables nor any functional constraints imposed upon the variables. The
boundaries of the independent variables are the minimum and maximum
values imposed upon the variables. However, portions of the domain defined
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by the boundaries on the variables are often outside the feasible region.
This condition can occur because of the functional constraints which
restrict the independent variables.

The generation of a feasible starting point utilizes the previously described
weighting procedure. A probabilitic starting point is generated and tested
for feasibility. If the point is a feasible one, it becomes the base point
from which the search for an extremum emanates. If the probabilistic
starting point is not feasible, the weights associated with this point are
adjusted to reduce the probability of selecting another point in this neighbor-
hood. The weights are normalized and another probabilistic starting point

is generated. The procedure is iterated until a feasible starting point (base
point) is generated.

3.2 SEARCH DIRECTION

In considering the determination of the optimal direction of search
for the local extremum (the extremum in a particular search direction),
four situations must be investigated. The situations are the following:
Type 1 Search The feasible base point is in no danger of violating

boundaries or constraints (Figure F-3a).

(Xn(mox)' Xn(min) ) * An

where A, is the accuracy (%) desired on the nt"
independent variable. )

Type 2 Search The feasible base point is within a AX, of violating
a constraint but from which a direction of search
which minimizes the function can be computed by
utilizing a procedure similar to the Type 1 Search
(Figure F-3b).

Type 3 Search The feasible base point is within a A X, of violating
a convex constraint and Type 1 and Type 2 Searches
fail (Figure F-3c).

Type 4 Search The feasible base point is within a A X, of violating

a concave constraint and Type 1, Type 2, and Type
3 Searches fail (Figure F-3d).
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® BASE POINT
[ ] * AX, FROM BASE POINT

Figure F-3a. Type 1 Search Situation

BASE POINT

* ®

* AXn FROM BASE POINT

Figure F-3b. Type 2 Search Situation
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® BASE POINT
° * AX, FROM BASE POINT

Figure F-3c. Type 3 Search Situation

X2

® BASE POINT
L] % Ax, FROM BASE POINT

Figure F-3d. Type 4 Search Situation
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The Search Vector is a vector emanating from the feasible base point in
the direction in which the function approaches its extrenum in an optimal
fashion, that is, in the direction along which the extrenum is approached
most rapidly, but in which the constraints are satisfied for at least a unit
step. The selection of the search vector reduces the search from a
N-dimensional one to a one dimensional search along the search vector.
Thus on the search vector, the dependent variable Y becomes an explicit
function of only one independent variable A, i.e.

Y = H(N).

3.2.1 Type 1 Search

In the Type 1 Search the search vector is constructed by incre-
menting and decrementing each independent variable by a AX.while main-
taining the other independent variables constant at the base point. (See
Figure F-4a). By evaluating the objective function at these points the
search vector is determined as follows:

Yo = £ o, X, Xy o)

(function evaluated at base point)
+
YP o= X, 0K, Ko, e, Xy)

= f(XI'O -AX|, X ooo,x

2,0° N,O)

+
N ] ’

Y; = f(XI,Cs X2,O; Tes ’XN,Q'AXN)

and calculate the following for each n = 1, 2, , N
+ +
AY, = Y, - Y

Note that 2n + 1 function evaluations are required.
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BASE POINT
(PA)
o DY,AX,

Figure F-4a. Type 1 Search Direction
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Since the point which defines the maximum of the objective function f (X, ,
X,, ... , Xy) is identical to that which defines the minimum of -f (X,
X5, ..., Xy), the location of the direction of steepest descent is only
considered.

I AY < 0and AY < 0 them AY, = 0.
* - +
Otherwise let AY, = maximum [AY,, , AY, ],
* - -
thenif AY, = AY;, set AY, = -|AY; |
or if AY: = AY:, set AY, = |AY:

Calculate the following for eachn = 1, 2, ..., N

AY,

N 2
Y (AY,)

n=1

where DY, is a factor between -1 and 1 which is proportional to the rate
at which the function approaches the extremum along the X , axis at the
base point.

The search vector is specified by a line from point Pa through point Py

where P, is the base point and Pg is a point formed by incrementing
each independent variable proportionately to the DY, as follows:

P, = (x,,;,, Xo05 ++- s Xyo)
and

PB = [(Xl‘o + DY, - xl), (XZ,O +DY2' sz)"“’

(Ko + DYy A% ] .
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3.2.1.1 Test for Optimality

If P, = Pg, the search vector is null, and consequently a
relative extremum has been located. When this s1tuat10n occurs, the
search process is transferred to the weight normalization procedure and
another feasible base point is generated. However, if the search vector
is not null, an arbitrary point on the search vector is given by

[(Xn,o + A+ DY, - AX)), Kz + X DY, . OX,),
(XN,O + A DYN . AXN)] .
Hence, the dependent variable Y becomes an explicit function of only one
independent variable A .

3.2.2 Type 2 Search

If the Type 1 Search fails, that is, a constraint is violated
small step in the direction of qf@enqu d scent is ta_k_ep_, the Type

2 Search procedure is applied.

when a

This procedure is similar to the Type 1 Search procedure. (See Figure
F-4b)_ A search direction is computed by function evalnations at points

a2 TRV 222 —_RliUio Al M adaled

formed by incrementing and decrementmg each independent varlable while
maintaining the remaining variables constant at the feasible base point.

By evaluating the objective function and the constraining functions at these
points the search direction is determined as follows:

Y, and G, ; are computed at the base point

Y

, = [(X

or Xa0s we0 s X

GO,] = gj (X|,O s XZ,O’ cee XN,O)'

v,0)

The function values at the adjusted points are

i
+
il

| f (XI,O +AX,, Xo0 s eee s XN,O)

Q
+
I

g Xio +0Xy, X20, v.. , Xnyo)

F-19



BASE POINT

Figure F-4b. Type 2 Search Direction
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Y, o= f (X, - AX, X, o, .., X, 0)

(3'.1 -8 (XI,O -A X, X200 ’ N,O)
‘+

Yy, = & Ko, X,6,000, Xyo * AXy)
+

Gy = 8 &Koy Xyps ene s Xyo +AXy)

Y, = f (X, X0, en, Xyo - AXy)

G;" = gl (XI,O 3 XZ’O, cee XN‘O - AXN)

Then calculate the following for each n =1, 2, ... , N

AY, =Y, - Y,
if G;,1>0 for j =1,2,..., p; or
AY, =0
if Gnj<O0 at any j =1, 2, ... , p (constraint violation). G,

must be equal to or greater than 0 in order to remain in the
feasible region.

Similarly,
AYy =Y, - Y
if Gr>0 for all j; or
AY! =0
if G:n( 0 for any j (constraint violation; Section 2.1).
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Let AYS =
If AY =
If AYY =

maximum [A Y,, AY:].

AY; , set AY, - oy, .

AY, , set AY,

| aYq| .

Calculate forn=1, 2, ... , N

AY,

N 2
> (AY)

n=1

where DY, is a factor between -1and 1. If DY, =0 forall n

N, the Type 2 Search procedure fails.
and no constraint is violated at a small step in the direction determined by
the DY,, a search vector is defined, and a search is made along this vector.

3.2.3 Type 3 Search

In the event that the previously described search directions are

1,2, ..
i DY,#£0foralln=1, 2, .., N,

not valid (failures), the Type 3 Search* is used. (See Figure F-4c).

this case p' of the p constraints are violated when a unit step in the direction

of steepest descent is taken.

As determined previously,

Y

G, .
0,1

f <x|,o’ X505 c00 s Xn,0)

g) X 00 Xpps von s Xy.0)

*H, Glass and L. Cooper, Sequential Search: A method for Solving
Constrained Optimization Problems, ACM Journal Vol. 12, No. 1
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BASE POINT

Figure F-4c.

Type 3 Search Direction
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+
YYo= (X, Xpgy eee s Kot DX, i, Xyo)

+
G“,l = g) (XI,O’ XZ,O, cec Xn + Axn’ cee XN,O)

where n=1,2, ..., N

and i=1,2, ..., p"
Then let

Yo = Y, - Yo
and

h,, = G, -éo'j

Suppose at the base point, some amount d,, is added to each variable.
Considering a Taylor Series expansion of the objective function, where the
second and higher degree terms are discarded, the value of the objective
function at a new point is

N af
f(Xo0) + X —— |  odn.
n=‘1 aXn XnO

However, since

N Yy, o N of
) = v (—),
n=1 AX, n=1  0X,
the value becomes
N Yn
fXno) + 2 ——°4d,.
n=1 AXn

F-24




Then a measure of the change in the value of the objective function is

Yad,

N
2

n=1 AX,

In like manner for the constraining functions, a measure of the changes
in the G; may be expressed as

N h,, d,
n=1 AX,
for j = 1, 2, ...,p' (p' constraints are violated if a unit step is taken in the

direction determined by Type 1 Search). Since it is desired to minimize

the objective function subject to p constraints, the search direction deter-
mined by d. must be one in which the change in the objective function is
negative and in which the changes in the constraining functions are greater
than 0. Hence the following linear programming problem may be formulated.

Minimize
N

2 ¥. 4,
n=1

subject to

N

z hn’! dn 2 0
n=1

and
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However, the linear programming problem demands that d, > 0. Thus let

t,=d, +1forn-=1,2, ..., Nand reformulate the linear problem.

Hence,

minimize
N
2 VYat,
n=1
subject to

hn,] t‘r\

ntMmM=z2
Pt

and

0<t < 2

]

for j = 1,2, ... ,p .

The solution vector t, may be found by utilizing the Simplex Method. * The
vector t, -1 is the direction vector in which the search is performed.

3.2.4 Type 4 Search

In some cases where the base point is very near a concave con-
straint, all three previously described procedures for determining a search
direction fail. In this situation the technique described in the following dis-
cussion is applied. (See Figure F-4d.)

The direction vector (d, )fcomputed in the Type 3 Search procedure is retained.
The p constraints are investigated to determine which constraints are violated

at a small move in the direction given by the d,.

*Saul I. Gass,"Linear Programming Methods and Applications''; McGraw-
Hill; 1964

' d, = tn-|
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BASE POINT

Figure F-4d. Type 4 Search Direction
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Gy = &g [(XI,O +A - AX - d), Ko +N - BX, - dy),

o Eyot A AXye d)]
0 <A<l
i=12,...,p.

The violating constraints are then compared in order to determine the one
which is most negative at the small step;

Then determine the direction which maximizes G* using the Type 1 Search
procedure. Let DGn be the direction vector determined by the Type 1
Search. A new base point is determined by moving a unit step (A = 1) in
the direction along the vector determined by the DG, . The new base point
is

[(XI,O I AX, - DG)), (XZ,O +X « AX,- DG,),

coey (XN'0+X ¢ AXN‘ DGN)

where

A= 1,

The search is then resumed from the new base point in the directiondetermined
by the retained d, vector.
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3.3 DETERMINATION OF THE LOCAL EXTREMUM ALONG THE
SEARCH VECTOR

The determination of a local extremum along the search vector
includes the following:

e Expanding Search
e Contracting Search,

3.3.1 Expanding Search

The Expanding Search (Figure F-5) determines the approximate
location of the objective function extremum along the search vector by
evaluating the function at successive points along the search vector. These
points are specified in the following manner:

Y, £ [®,, +A,* AKX, DY,), (X, +A, + AX,+ DY,),

vee s Byot N0 DXy DYN)]

where
\ _ ~’k-' 1 .
Ny T 7 -1,
k = 1,2, ..., u;
Yy>1;

and u is the value of k when the expanding search is terminated.

The expanding search is terminated, and the search process is transferred
to the contracting search along the same search vector when

AY' = YK - YK—I 20
or when the constraint evaluated at the k" step

Gy, <0 G=1,2,...,p) .
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FUNCTION -~

Figure F-5. Expanding Search

-0
The values of A (A, A, )\+) which confine the location of the extremum are
given by

A= X(u-2)
Xo - X(u-l)
= Ay

If neither of the above conditions for termination is satisfied before a
boundary is exceeded, the value of A\ .., 1is calculated at the
boundary.

A new feasible base point is then given by
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Xn,0 = [(Xn.o * Nooundary * BX| * DY), (Xp 0+ A - AX,- DY,),

boundary

R S AXN-DYN)].

boundary ’

3.3.2 Contracting Search

The Contracting Search (Figure F-6) further confines the location
of the local extremum along the search vector within the range defined by
the expanding search and in the feasible region.

The technique utilized is a simple halving procedure. Two additional points
are determined by halving the span between the points determined by A-, AO,
and A7,

_ A+ A°
TA =
2
. AT+ 2O
TA =
2

The objective function and constraining functions are evaluated at the
additional points along with the A°point.

Y (TN) = £ [(X,,°+T)\— + AX, - DY|),(Xp0+TA - AX,- DY,),
veos Ky o+ TX - BXy - DYy)]

Y(®) =t [(x,,o+ X AX, DY), Ko+ X+ AX,- DY),
ceey &y o4 2% AX, 0 DY)

Y (TN) = 1[0 +TA - AX, - DY,), K, 0+ TA*-AX,- DY,),

+ .
coos Ky o+TA* + AX - DY, )].
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Figure F-6. Contracting Search
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Similarly
G, (TXN) =g, [(K,o +TX + AX,- DY), (X, ,+TA” - AX,. DY,),
oy Byo+TX + AXy» DYN)]
G (®) =g [® o+ AX, DY), Ko +)° - A X, DY,),
cee (XN,O+ )\o * AXN' DYN)]
G, (TX') =g [, +TN + AX,- DY), X, +TA" - AX," DY,),

cee s Ryo +TX * A X, DYN)]

for j = 1,2, ..., p.

The minimum of Y(TX), Y(X°), Y(TX') redefines a new \°if a constraint
is not viclated at any of these three points. If a constraint is violated at
any of the three points, the minimum of Y(TX), Y(®), Y(TX") which does
not violate a constraint defines the new A®. The point adjacent to the new
A% in the negative direction is redefined A~ and likewise the positive ad-

jacent point is A*.

These new X 's define a reduced range on the search vector. This halving
procedure is iterated until

1

x—i-_ )\O(

DY,
where n =1, 2, ..., N,

This insures the confinement on each of the independent variables to be less
than A X,. Since the increment on the independent variables corresponding
to the increment A X = ( A*- \%) is given by
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0
BX, = (X-\)-DY,-AX,
where
1
+ )
- X <
R T
then
BX, < AX,.

Since the local extremum is now located within the required accuracy (4 X,),
the contracting search is completed and a new feasible base point is defined.
The new feasible base point is

xn,o = [(xl.o'l‘ xo' Axl‘DYl), (XZ'o"' XO' szo DYZ)’
oo Ky + X+ AXy DY) .
Having located the local extremum on the search vector, the weights associ-
ated with the point are adjusted (Section 3. 1. 2) and a new search direction
is determined (Section 3.2). The entire procedure is iterated until the re-

quired number of relative extrema have been located. From these relative
extrema the global extremum is selected.
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SUMMARY AND CONCLUSION

Isolating that combination of system parameter values which extremize

some system characteristic (cost, reliability, performance, etc.) is
recognized as system optimization*. Mathematically, this operation is
equivalent to maximizing or minimizing a function of the system parameters
which describe the system characteristic being considered. Unfortunately,
the complexity of modern systems often prohibits the utilization of analytical
methods. In these cases the use of a high-speed digital computer is required.

The computer technique developed at LSI to determine the optimal system
configuration within the constraints imposed on the system is the Generalized
Random Extremum Analysis Technique. GREAT, as the routine is called,
can perhaps best be described as an iterative scheme based upon a comb1-
nation of the direct search and gradient techniques to which has been added

a learning capability.

The search for the extrema of the function to be optimized originates at a
point chosen probabilistically in the N dimensional feasible space determined
by the N system parameters. The direction of steepest descent at the starting
point is computed by utilizing the function values at positive and negative
increments along each of the independent variable axes.

The sub- optimal point along the direction of steepest descent is determined

by sequential function evaluations in the direction of stecpest descent, If

the condition for optimality is not satisfied at the sub-optimum, a new
direction for search is determined as above. The procedure is iterated until
the condition for optimality is met and a relative extremum is found. The
iteration of the technique to generate a number of relative extrema coupled
with the learning scheme provide a statistical confidence of selecting the
true global extremum from the relative extrema.

4,1 MODULARITY

It is quite well known in the field of optimization that no single
technique developed thus far is able to solve efficently a broad class of
optimization problems. As new and better techniques for solving the
problem are developed, an efficient means for the transition from the
technique stage to the working program stage is desirable. With this

* The non-linear optimization problem may be thought of as the extremizing
of a non-linear objective function which can be constrained by inequality
functions which can be linear, non-linear, or a combination of the two
types.
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thought in mind, the GREAT program was organized in a modular manner.
Hence, the facility for the insertion of new techniques and for the inter-
change of existing techniques is apparent. See Figure F-1.

4.2 DISCRETE VALUED VARIABLES

Since the independent variables in many physical systems are not
continuous, that is they can assume only discrete values on a range, the
objective functions describing these systems, though continuous analytically,
exist physically only at discrete points in the N dimensional space. If
the number of variables and the number of discrete values which each
variable can assume are small, the optimal solution can be obtained quite
easily by an exhaustive evaluation of the function at all points defined by
the combination of discrete variables. However, if these numbers become
large, the solution becomes very time consuming. For example, a ten-
variable problem with each variable possessing ten discrete values would
require 10'C function evaluations and 10 '0 comparisons to determine the
optimal solution.

A method has been proposed, the merits of which are not fully known, which
should accomplish this end of discrete optimization. Very briefly this
method of discrete optimization can be described in the following manner.

A constrained optimal solution of the N independent variable problem is
found using some continuous variable technique. The values of the in-
dependent variables obtained in the continuous treatment are compared to
the array of allowed discrete values. The discrete value of the variable
which matches its corresponding continuous variable from the optimal set
most closely without a constraint violation is selected as the variable to

be inserted as a constant in the objective and constraining functions for
further computation. Thus the N dimensional problem becomes an N-1
dimensional one. This procedure is repeated until the optimization problem
becomes unidimensional at which time the problem is solved.

The procedure possesses the capacity for utilization in cases in which both
discrete and continuous variables are present in the same problem.
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Figure F-7. Modulator Construction
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OPERATION

Considerable effort was directed toward the development of a user-
oriented program. In the area of input, Data Transmittal Forms were
developed on which the data required for analysis are listed and from
which thedataaredirectly prepared for computer utilization. Section 5.1
describes these forms in detail.

The GREAT output is also in a form which is easily interpreted. The
output consists mainly of a listing of the input information and the solution
to the optimization problem. Section 5.2 presents an example problem
with its output.

The subroutine (FUNCY), which evaluates the objective function and which
tests the constraining functions, must be written and compiled each time
a different problem is optimized. The writing of the subroutine requires
some knowledge of FORTRAN II.

5.1 DATA TRANSMITTAL INSTRUCTIONS (See Figure F-8 and
Table F-I)

Data Transmittal Forms have been developed on which the required
data for obtaining an analysis are listed and from which thedataaredirectly
prepared for computer utilization. The utilization of these forms requires
only a familiarity with the GREAT methodology. These Data Transmittal
Forms (DTF) are identified by a GREAT DTF number located in the title
block of each form.

Explicit instructions are presented here for utilization of these forms. It
might be well to note that these forms consist of blocks which are 80
columns wide. These columns are representative of an eighty-column
punch card. Each row on the DTF represents a card. It also might be
well to define four terminologies that are used in the instructions with
which the reader may not be familiar. These are: (1) floating point
number, (2) left justification, (3) right justification, (4) alpha-numeric
characters. A floating point number may be defined as onewith a decimal
point at the beginning, at the end, or between any two digits of the number.
Left justification is the positioning of the left-most alpha-numeric character
in the left-most position of the field. Similarly, right justification is the
positioning of the right-most alpha-numeric character in the right-most
position of the field. Alpha-numeric characters consist of all the alphabetic
characters (A through Z), all the numeric characters (0 through 9), and the
S[P;eCia)l characters (.3, 61,0+ »(-3 , [/, (*1, (81, (=1, t(1,
1 ).
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ALLOWED ALLOWED
COLUMNS HEADING CHARACTERS FORMAT DESCRIPTION
2 thru 15 NAME OF Alpha-numeric Left Justified Name of person who requested the
ORIGINATOR analysis
21 thru 60 PROBLEM NAME Alpha -numeric No Restrictions Name of problem under consideration
71 and 72 DATE Integer Right Justified Date: Month
74 and 75 Day
77 and 78 Year
an ane 1 Pys Assicncd Comtos! Mosbos
None 1 Drc Accigned Ceatrol Number
CARD 2
ALLOWED ALLOWED
COLUMNS HEADING CHARACTERS FORMAT DESCRIPTION
6 thru 12 EXTREMUM MINIMUM As Specified Type of extremum desired
or
MAXIMUM
18 thru 22 GAMMA Flating Point Leit Justified Controls rate of expansion in the
Number Greater Expanding Search; Typical values are
Than One 1.5and 2.0
28 and 29 X Integer Right Justified Number of independent variables
35 and 36 C Integer Right Justified Number of constraining functions
42 and 43 E Integer Right Justified Number of Relative Extremums desired
49 and 50 S Integer Right Justified Number of Secondary Searches; Typical
values 10 to 90
56 thru 60 WEIGHT Floating Point Left Justified Weighting Factor: Typical values 2 to 5
Number
66 and 67 1 Qor1l Right Justified Indicator of intermediate output
(0 indicates no intermediate output)
(1 indicates intermediate output)
73 and 74 R Qorl Right Justified Indicator of read-in starting point
(0 indicates random points)
(1 indicates read-in points)
80 None 2 Pre-assigned Control Number
CARD 3
ALLOWED —‘ ALLOWED
COLUMNS HEADING CHARACTERS FORMAT DESCRIPTION
1 thru 3 NS Integer Right Justified Number of cards required to describe
e ] __the problem - I
80 None 3 Pre-assigned Control Number
CARD 4 thru 13
ALLOWED ALLOWED
COLUMNS HEADING CHARACTERS FORMAT DESCRIPTION
1 thru 72 Function Analyzed Alpha-numeric Not Restricted Description of the problem in con-
- ventional symbols or in Fortran Code |

Table F-1.

Data Transmittal Form I
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5.1.1 Data Transmittal Form I

Data Transmittal Form I describes the optimization problem
to GREAT. The problem description includes the following infor mation:

First Card

NAME OF ORIGINATOR: The NAME OF ORIGINATOR is the
name of the person who requested
the analysis.

PROBLEM NAME: The PROBLEM NAME is the name
associated with the problem under
consideration.

DATE: The DATE represents the time at

which the analysis was performed.
Second Card

EXTREMUM: The EXTREMUM represents the
type of extremum sought, either
a MINIMUM or MAXIMUM.

GAMMA: The GAMMA represents the expan-
sion factor in the Expanding Search.

X: The X represents the number of
independent variables.

C: The C represents the number of
constraints to the optimization pro-
blem.

E: The E represents the number of

Relative Extremums desired.

S: The S represents the number of
secondary searches allowed
(number of search directions).

WEIGHT: The WEIGHT represents the
weighting factor. (Ref. 3.1.2.)

I: The I indicates whether inter-
mediate output is desired (0, No;
1, Yes).
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The R indicates whether the starting
point is to be read in (0, No; 1, Yes).

Third Card: Function Analyzed Block

NS :

FUNCTION ANALYZED :

The NS represents the number of
cards required to describe the
function and constraints,

The FUNCTION ANALYZED repre-
sents the function to be analyzed in
conventional symbols or in FORTRAN
CODE.

5.1.2 Data Transinittal Forms II, IIA, and IIB (See Figure F-9 and

Table F-II)

Data Transmittal Forms II, IIA, and IIB describe the independent
variables to GREAT. The description of the independent variables includes

the following:

Independent Variable Cards

VN :

NAME:

Range
MINIMUM:

Range
MAXIMUM:

"INITIAL VALUE:

The VN represents an Independent
Variable Number which corresponds
to a particular independent variable
in the analysis.

The NAME represents the name
assigned to the particular inde-
pendent variable.

The MINIMUM represents the lower
bound of the independent variable
value.

The MAXIMUM represents the upper
bound of the independent variable
value.

The INITIAL VALUE represents

the starting value of the independent
variable if called for by R in Card 2
of DTFI.
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PERCENT ERROR: The PERCENT ERROR represents
the percent of the range error
allowed.

DIV: The DIV represents the number of
intervals into which the independent
variable is divided. This infor-
mation is used both by the feasible
base point selection routine and
by learning routines.

5.2 EXAMPLE

The example problem selected for presentation in this appendix is
a four independent variable problem constrained by three functional in-
equalities. The particular problem was formulated by J.B. Rosen and
S. Suzuki and appeared in the February, 1965 issue of ""Communications
of the ACM". It was chosen because it is constrained by concave functions
and hence is a difficult problem.

The problem is:

Maximize*
2 2 2 2
fx,) = -X"-X,” -2X,"-X,"+5X, +5X,+21X;5- TX,
subject to the following constraints

2 2 2 2
= -X -X, -X; -X; -X +X,-X3+X,+8> 0

G, = -X-2X,°-X7-2X7 +X, +X,+10 > 0

l

2 2 2
-2X, - X, -X, -2X|+X2+X4+5 > 0

*The problem in the ""Communications of the ACM" reads ""minimize"
the function. However, it is felt that this is a result of an oversight
on the part of the authors or a misinterpretation by the reader.
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The optimal solution vector is

X, = 0
X, = 1
X, = 2
X, = -1

yielding an objective function value of 44.
The Data Transmittal Forms on which the required information is listed

are included together with a listing of the user written subroutine FUNCY
and the output. (Figures F-10, F-11, and F-12, respectively.) '
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SUBROUTINE FUNCY(ITEXTeXeYs ICeCoIFRT«NCUN)
DIMENSION X(50)+IC( 5)eC( 5)
IF(IFRT=40)10+10420
10 Y==X(1)1%¥X(1)=X(2)¥X(2)=2e*¥X(3)H*X(B)=X(4)¥X(4)+5¢*X (1) +Se*¥X(2)+2] %
IX(3)=T7e¥X(4)
IFCIEXT=1)20423420
23 Y==Y
20 IP=]1FRT~-40
DO 11 I=1eNCON
GO TO (142e¢3)e!
1 C1)==X{1)*¥X(1)=X(2)%¥X(2)=X(3)¥X(3)=X(4)*¥X(4)=X(1)+X(2)=X(3)+X(4)+
18.
GO TO 6
2 C(2)==X{1)¥X (1) 2¢¥X(2)%*X(2)=X(3)%*X(3)=2e%¥X(4)*¥X(4)+X(1)+X(4)4+10,
GO TO 6
C(3)==2eFX (1) UX(1)=-X(2)%¥X(2)-X(3)*¥X(3)=2e%X(1)+X(2)+X(4)+5,
IF(C(1))7+8¢8
1IC¢1)=0
GO 70 11
1ICt1)y=1
11 CONTINUE
IFCIFRT=-40)21421422
21 DO 12 I=1+NCON
IFCIC(I))I13e12013
12 CONT INUE
1IFRT=2
GO TO 15
12 IFRT=3
15 RETURN
22 Y==C(IP)
GO TO 15
END

©oo0Ww

Figure F-11. Subroutine FUNCY for Example Problem
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GREAT—-MS *%#% FUNCTION EXTREMUM ANALYSIS *¥*% PAGE 1 OF 3
NASA NASW-938 ROSEN = SUZUKI] EXAMPLE PROBLEM DATE 97/ 9/65
MAX I MUM

RIS SV S SN S e gu PR T B R RS S S £ St St S itiainint
*% RELATIVE EXTREMUMS *#%
NUMBER DEPENDENT INDEPENDENT SYMBOL
VARIABLE VARIABLES

-
<
]

«43Q1F 07

X( 1)=-63609E~01 VARe 1

X¢ 2)= «1012E Ol VARe 2

X({ 3)= +1980E 01 VARe 3

X 4)=—-¢9918E 00 VARe 4

2 Y= +4387E 02

X{ 1)==e9970E-01 VARe 1

X( 2)= #1023E 01 VARe 2

X( 3)= +2060E Ol VARe 3

X( 4)=—-¢9082E 0O VARe 4
GREAT~-MS *%% FUNCTION EXTREMUM ANALYSIS #*%*# PAGE 2 OF 3
NASA NASW-938 ROSEN - SUZUK] EXAMPLE PROBLEM DATE 9/ 9/65

MA X MUM

ORIV NG VIS S U "N SIS SUGI "OUPHE “JHND JHPUS PR IR SEPRS IS PO P SIS B e DY
*#%¥ FUNCTION ANALYZED *#%

Y:—X(l)*X(l)—X(Z)*X(E)‘ac*x(3)*X(3)-X(4)*X(4)+5.*X(l)+5.*X(2)*210*
1X(3)=Te%X(4)

1 G(1)==X(1)¥X(1)=X(2)%¥X(2)=X(3)*¥X(3)=X(4)*¥X(4)=X(1)+X(2)=X(3)+X(4)+
18,

2 GL2)==X(1)¥X(1)=2e¥X(2)¥X(2)=X(3)*¥X(3)=2¥X(4)*¥X(4)+X(1)+X(4)+10

3 G(3)==2e*¥X(1)XEX(1)=X(2)%¥X(2)=X(3)*X(3)=2%*X(1)+X(2)+X(4)+5.

PR VR PRSIV S U SEHY U TGN SIS SUHS TR S JEN TR IR IHEN Y P B S S 2SS B

NOTESee
GREAT-MS *#% FUNCTION EXTREMUM ANALYSIS #*¥*# PAGE 3 OF 3
NASA NASW-938 ROSEN = SUZUK] EXAMPLE PROBLEM DATE 9/ 9/65
MAX I MUM

ORIV INPUG R VY I 'R DU S JHy SRR PRSRE RS REY SR S ettt et B DT DLt L bl
#% [NDEPENDENT VARIABLE DESCRIPTIONS #**

VARIABLE sSymBoL —rwemm——==RANGE = === ===== PERCENT
NAME MINIMUM MAX]MUM ERROR
VARe I Xt 1) - ¢3000E 01 «3000E Ol 100
VARe 2 Xt 2) ~e¢3000E O1 «3000E 01 1400
VARe 3 X( 3) - ¢3000E 01 «3000E 01} 100
VARe 4 X{ 4) - ¢3000E 01 «3000E Ol 100

Figure F-12. Output for Example Problem
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6 PROGRAM

This section contains a complete set of logic diagrams (Figure F-13) along
with listings of the GREAT program (Figure F-14). The logic diagrams
serve as an interface between the text and the program listings. Hence,
the reader ought to be able to understand basically the mechanism of
GREAT,

These diagrams present the logic of the program by statements enclosed by
symbols. The five symbols used are:

1) the process symbol compute ;
X(I)
2) the decision symbol feasible yes ;
‘»
no
_ 3) the iteration symbol ‘ *
| I=1 I=I+1
process
1=20
yes nlo
4) the direction symbol —— ; and

5) the terminal symbol START
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The GREAT program has been written in the FORTRAN II language. The
particular version listed in this appendix is an IBM 7090 version using
the University of Michigan Executive System. The library subroutines
used in the program are described in the University of Michigan Execu-
tive System Manual. As an additional aid comment cards have been
inserted to describe the program variables and various program
operations.
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READ INPUT DATA
FROM CARDS AS
PUNCHED FROM DATA
TRANSMITTAL FORMS

ARGUMENTS

INPUT | OUTPUT

NMAX
GAMMA
LPMAX
LSMAX
WFAC
NCON
INDIC
NW
XIPT

Data Input (DATA) Subroutine

Figure F-13. Optimization Logic Diagrams (2 of 21)

ENTRY

INITIALIZE
INDICES

COMPUTE THE INCREMENT
AX{I) FOR ALL N
INDEPENDENT VARIABLES

COMPUTE THE INTERVAL
SIZE(DX{I})FOR ALL N
S

INDEPENDENT VARIABLE

COMPUTE THE (NITIAL

WEIGHTS FOR EACH

INTERVAL OF EACH OF

THE N INDEPENDENT —

VARIABLES ARGUMENTS
INPUT | OUTPUT
NMAX | IFRT

EXIT XMAX | LS

XMIN LP

ACC MARY

NW LAMB
DX
DDX
WGT

Initialization (START) Subroutine

Figure F-13. Optimization Logic Diagrams (3 of 21)
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TEST SECOND CHARACTER
OF THE ARRAY INTO WHICH
HAVE BEEN STORED THE
WORDS MAXIMUM OR
MINIMUM

YES

CHARACTER
AN

SET EXTREMUM SET EXTREMUM
TYPE INDICATOR (IEXT)=0 TYPE INDICATOR (IEXT)= 1

ARGUMENTS
INPUT | ouTPUT
ITYPE [ TIEXT

Extremum Type (EXTREM) Subroutine

Figure F-13. Optimization Logic Diagrams (4 of 21)

HAS THE
STARTING POINT
BEEN READ

GENERATE N
RANDOM NUMBERS BETWEEN
0 AND 1

LOCATE THE INTERVAL
CORRESPONDING TO THE
RANDOM NUMBER FOR

EACH  INDEPENDENT
VARIASLE

COMPYTE THE
PROBABILISTIC
STARTING FOR £ACH
INDEPENDENT
VARIABLE

ARGUMENTS
INPUT ouTeUT

INDIC XIPT
NMAX J1
NW
war
00X
XMIN

Probabilistic Point Generating (NPOINT) Subroutine

Figure F-13. Optimization Logic Diagrams (5 of 21)
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EVALUATE
OBJECTIVE
AND CONSTRAINING
FUNCTIONS AT
BASE POINT

RESTORE
DECREMENTED
VARIABLE TO
BASE POINT
VALUE

EVALUATE OBJECTIVE

DECREMENT

RESTORE FUNCTION AND
BASE TEST CONSTRAINTS ey I T
POINT AT DECREMENTED o7 aen
POINT
I=1 I=1+1
I=N
=

INCREMENT
INDEPENDENT
VARIABLE
X(I) BY

AX (1)

EVALUATE OBJECTIVE
FUNCTION AND TEST
CONSTRAINTS AT
THE INCREMENTED
POINT

RESTORE
BASE
POINT

RESTORE
INCREMENTED
VARIABLE TO
BASE POINT
VALUE

DETERMINE THE CHANGE IN
THE OBJECTIVE FUNCTION AT

IS MAXIMUM SET AY (I) =
DECREWSI\TEE%ETIXEBE‘SXNSF THE NEGATIVE CHANGENTES TH%FN$E‘{‘ST'VE
AT
(o ALY INDEPENDENT VARIABLE BY OECREMENT o avas

AY(I}=0Q

COMPARISON WITH FUNCTION
VALUE AT BASE POINT

CHANGE 1S AT THE
INCREMEN1 SET
AY (I) = THE CHANGE
AT THE INCREMENT

/ MAXIMUM NEGATIVE
NO

COMPUTE (RMSDY)
THE SQUARE ROOT
OF THE SUM OF THE
SQUARES OF ALL
THE AY (I)

COMPUTE
THE DIRECTION
NUMBERS DY({(I) BY:

ov(n - 20
RMSDY

SET
PROGRAM
DIRECTION
INDEX =1
(OPTIMUM)

SET
AY(I) =0

TEST FOR CONSTRAINT PROGRAM ARGUMENTS
VIOLATION AT A SMALL DIRECTION INDEX INPUT | OUTPUT
STEP FROM BASE POINT PT N MAX | DY
IN THE DIRECTION ' gBTLWgD X INDIC
DETERMINED BY DY (I)
2 | GOOD SEARCH DX YO
VECTOR OBTAINED 1EXT YN
SET 3 | BASE POINT AT GAMMA | YP
TRAINT
proET CONSTRAIN X MAX | co
DIRECTION X MIN CN
INDEX =3 N CON c
IFRT Icp
IC ICN
TX

N = NUMBER OF INDEPENDENT VARIABLES

Type 1 Search (STEEP) Subroutine
Figure F-13. Optimization Logic Diagrams (7 of 21)
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I=1 I=1+1

DETERMINE THE
CHANGE IN THE
OBJECTIVE FUNCTION
AT INCREMENTED AND
DECREMENTED VALUES
OF THE INDEPENDENT
VARIABLES

CONSTRAINT
1AL ATIARC AT

INCREMENT

VIGLATION AT

DECREMENT

RESET
CHANGE AT CHANGE AT
INCREMENT DECREMENT

T0 0 TO O

IS MAXIMUM
NEGATIVE CHANGE
AT THE

MAXIMUM NEGATIVE
CHANGE 1S AT THE
INCREMENT SET
AY (I) = THE CHANGE
AT THE INCREMENT

DECREMENT

SET AY (I} =
THE NEGATIVE
OF THIS
CHANGE

SET
AY {(IN=0

DETERMINE
THE DIRECTION
NUMBERS DY (I) BY

TEST FOR CONSTRAINT
VIOLATION AT SMALL
STEP FROM BASE POINT

COMPUTE (RMSDY)
THE SUM OF THE
SQUARES OF THE

_av(n IN DIRECTION DETERMINED
AY () DY (I) = RMSDY BY DY (I}
ANY
CONSTRAINTS
VIOLATED PROGRAM DIRECTION ARGUMENTS
INDEX INPUT | OUTPUT
SET 4 | CONSTRAINT YO DY
PROGRAM VIOLATED YN INDIC
DIRECTION » | 600D SEARCH Ye
INDEX = 3 VECTOR OBTAINED cP
(OPTIMUM) ICN
3 | OPTIMUM x
SET SET NMAX
PROGRAM PROGRAM NCON
DIRECTION DIRECTION DX
INDEX = 4 INDEX =2 GAMMA
I EXT
IC
IFRT
z
TX
EXIT

N= NUMBER OF INDEPENDENT VARIABLES

Type 2 Search (STEEP1) Subroutine

Figure F-13. Optimization Logic Diagrams (8 of 21)

F-60




ENTRY

COMPUTE
SIZE OF LP
MATRIX

INITIALIZE
MATRIX /GENERATE THE CONSTRAINTS

0<t(I)< 2 (t{I)ARE THE
INDEPENDENT VARIABLES
OF THE LINEAR PROBLEM)

GENERATE THE LINEAR
OBJECTIVE FUNCTION
COEFFICIENTS FOR THE LINEAR
PROBLEM (Y (X(I)+AX(I}))-Y
(BASE POINT))/ AX (I)

SOLVE THE
GENERATED

GENERATE THE LINEAR
CONSTRAINING FUNCTION
COEFFICIENTS FOR THE LINEAR
PROBLEM (Gj{X(1)4+AX{(I))—G]j
(BASE POINT))/AX(I) FOR
ALL CONSTRAINTS

LP PROBLEM

DY(I)=t(I)-1

EVALUATE OBJUECTIVE N =NUMBER OF INDEPENDENT
AND CONSTRAINING VARIABLES.

FUNCTIONS AT A SMALL

STEP ALONG THE

DIRECTION DETERMINED,

BY DY(I) PROGRAM DIRECTION

ARGUMENTS
INDEX
INPUT OUTPUT
I GOOD SEARCH
NCON | INDIC
CONSTRAINT VECTOR OBTAINED NMAX | DY
VIOLATION YP
2 OPTIMUM YO
SET PROGRAM SET PROGRAM :g:
DIRECTION RECT!
tdg%x=2 2L3§§”°” 3 CONSTRAINT c
VIOLATION co
IEXT
4 GAMMA
O x
5 DX
Ic
z
EXIT IFRT

Type 3 Search (TANHYP) Subroutine
Figure F-13, Optimization Logic Diagrams (9 of 21)
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IS THIS THE FIRST TIME

A CONCAVE CONSTRAINT
HAS BEEN ENCOUNTERED

STORE BASE POINT AND

YES OBJECTIVE FUNCTION VALUE

NO

DETERMINE THE CONSTRAINT ARGUMENTS

WHICH IS MOST VIOLATED INPUT OUTPUT

BY A SMALL STEP IN THE KONCAV KONCAV

~—

DIRECTION DETERMINED Yo oy
BY THE DY (1) OF TANHYP NMAX INDIC
IS CURRENT OBJECTIVE X
FUNCTION VALUE LESS
THAN THE OBJECTIVE FUNCTION YEs — NCON
VALUE AT THE PREVIOUS z
CONCAVE CONSTRAINT IEXT
ENCOUNTERED GAMMA
MAKE A UNIT STEP IN THE ox
DIRECTION WHICH MAXIMIZES
THIS CONSTRAINT XMAX

NO XMIN

l YN

CONSIDER THE POINT (V:F(;
AT THE PREVIOUSLY Y
ENCOUNTERED CONSTRAINT CN
AS THE OPTIMUM . THE NEW SEARCH VECTOR c
IS THE VECTOR DETERMINED 1cp
BY TANHYP EMANATING FROM THE
POINT DETERMINED BY THE UNIT ICN
STEP NORMAL TO THE MOST 1IFRT
L VIOLATED CONSTRAINT 1c
TX

SET PROGRAM DIRECTION INDEX =2

PROGRAM DIRECTION

SET PROGRAM DIRECTION INDEX =4 INDEX

GOOD SEARCH
VECTOR OBTAINED

2 | OPTIMUM

‘
¥
w

;

Type 4 Search (TANP1) Subroutine

Figure F-13. Optimization Logic Diagrams (10 of 21)
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ENTRY

DETERMINE
FEASIBLE

BASIS

A 4

SELECT PIVOT ELEMENT WHICH
DEFINES THE BASIC VARIABLE
TO BE REMOVED AND THE VARIABLE
TO BE INSERTED INTO THE BASIS

I

ELIMINATE NON-PIVOT ELEMENTS

OF THE PIVOT ELEMENT COLUMN
WHILE MAKING THE PIVOT COLUMN

UNITY

TEST FOR OPTIMALITY \
BY CHECKING THE
SIGN OF THE OPER -
ATING ROW

ALL

ELE MENTS
<0

NO

YES

ARGUMENTS

OPTIMUM INPUT OUTPUT

II LSuB
2

DY

A
IEXT
NMAX

Linear Programming (LPSUB) Subroutine
Figure F-13. Optimization Logic Diagrams (11 of 21)
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[ YES OPTIMUM No

HALF THE DISTANCES (TA;TAH)
BETWEEN THE POINTS
DETERMINED BY THE THREE
POINTS WITHIN WHICH THE
LOCAL OPTIMUM LIES

'

TEST FOR LOCAL OPTIMUM
(Tat <1/DV (1) FOR ALL
N INDEPENDENT VARIABLES)

LOCAL

RESET BASE POINT TO
LOCAL OPTIMUM POINT

EVALUATE OBJECTIVE FUNCTION
AND TEST CONSTRAINTS AT TA™

RESET BASE POINT

TO POINT DETERMINED YES CONSTRAINT
BY SMALLEST EXPANSION VIOLATED
FACTOR
NO
¥
/ —\ /
SET PROGRAM DIRECTION EVALUATE OBJECTIVE
INDEX =1 FUNCTION AND TEST
CONSTRAINTS AT Tat
@ DETERMINE THE THREE
POINTS WITHIN WHICH
CONSTRAINT YES THE LOCAL OPTIMUM LIES
ARGUMENTS YIOLATED (AT LEAST 2 POINTS MUST
SATISFY THE CONSTRAINTS)
INPUT OUTPUT
BLDAO X1PT PROGRAM DIRECTION NO
BLDAN INDIC INDEX DETERMINE THE THREE
BLDAP LOCAL OPTIMUM POINTS WITHIN WHICH
Yo 1 [LocaTED THE LOCAL OPTIMUM LIES
YN
YP 2
NMAX 3
IEXT
T .
oY
DX 5
NCON
1c
z
IFRT

Contracting Search (NARROW) Subroutine

Figure F-13. Optimization Logic Diagrams (13 of 21)
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( ENTRY

LOCATE INTERVALS OF EACH OF THE N
INDEPENDENT VARIABLES IN WHICH
THE LOCAL OPTIMUM POINT LIES

(INFORMATION USED IN ADJUSTING
LEARNING MATRI X)

ARGUMENTS

EXIT INPUT [OUTPUT
NW JI

NMAX
XMAX
DDX
XIPT
DX
IFRT
INDIC
IC
Z
IEXT
NCON

Interval Location (LOCINT) Subroutine

Figure F-13. Optimization Logic Diagrams (14 of 21)

ADJUST THE WEIGHT OF THE
T F INTERVAL {N WHICH THE BASE
POINT, LOCAL OPTIMUM,OR OPTIMUM

POINT LIES BY DIVIDING THE
WEIGHT OF THE INTERVAL BY A

WEIGHTING FACTOR

N=NO. OF INDEPENDENT VARIABLES

ARGUMENTS
INPUT |OUTPUT

NMAX WGT
WFAC
JI

Weight Adjustment (ADJUST) Subroutine

Figure F-13. Optimization Logic Diagrams (15 of 21)
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( entry )

HAS
STIPULATED

NUMBER OF SEARCHES
BEEN MADE

YES
v

SET PROGRAM

NO

v

SET PROGRAM
DIRECTION ' DIRECTION
INDEX =2 INDEX = |

»( EXIT Je——

ARGUMENTS PROGRAM DIRECTION
INDEX
INPUT OUTPUT
LS INDIC | | NUMBER OF SEARCHES
LS MAX NOT EXCEEDED

2 | NUMBER OF SEARCHES
EXCEEDED

Termination Test (END) Subroutine

Figure F-13. Optimization Logic Diagrams (16 of 21)
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‘ ENTRY rN=NUMBER OF INDEPENDENT VARIABLES

I=1 I=1+1

/P.ESET THID INDIVIDUAL
WEIGHTS SUCH THAT
THEY ARE NORMALIZED

A FOR EACH iINDEPENDENT
EXIT VARIABLE

ARGUMENTS
INPUT | OUTPUT
NMAX WGT
NW

DDX

Weight Normalization (NORMAL) Subroutine

Figure F-13. Optimiation Logic Diagrams (17 of 21)

HAVE SUFFICIENT
EXTREM
BEEN GENERATED

WRITE EXTREMUM ) £ SET PROGRAM
INDEPENDENT VARIABLE VALU
AND EXTREMUM VALUE DIRECTION INDEX = |
ON TAPE

SET PROGRAM
DIRECTION INDEX=2

NO

ARGUMENTS
INPUT  QUTPUT
XIPT
IEXT
1C
4
IFRT
NCON
NMAX

Optimal Solution Storage (STORAG) Subroutine

Figure F-13. Optimization Logic Diagrams (18 of 21)
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( ENTRY >

RECOVER EXTREMAL
SOLUTIONS FROM TAPE

l

RANK THE SOLUTIONS
IN ASCENDING OR
DESCENDING ORDER

B
-

PN
N3

CENTER THE
PROBLEM NAME

l

DETERMINE NUMBER
OF PAGES IN OUTPUT

|
l

PUNCH "RELATIVE
EXTREMUMS" PAGES

:

PUNCH "FUNCTION
ANALYZED" PAGE

l

PUNCH "INDEPENDENT
VARIABLE DESCRIPTIONS"
PAGE

N
N~

LN
7

A
~_

PN
~

N
~

Output (OUTPUT) Subroutine

Figure F-13. Optimization Logic Diagrams (19 of 21)
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C ENTRY ) NR= NUMBER OF ROWS

I=1 I=1+1

COMPARE THE PROPER ELEMENT OF THE
ROWS TO THE REMAINING ROWS TO
DETERMINE THE HIGHEST OR LOWEST

ELEMENT

'

REMOVE THIS ROW AND
REDUCE THE NUMBER
OF ROWS BY ONE

!

STORE THIS ROW\
IN A TEMPORARY
ARRAY /

EQUATE THE TEMPORARY

ARRAY TO THE ORIGINAL
ARRAY

o )

Information Centering (CENTRE) Subroutine

Figure F-13. Optimization Logic Diagrams (20 of 21)
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C ENTRY )

COUNT BLANKS TO THE
LEFT AND RIGHT OF
TITLE IN THE SPECIFIED

FIELD WIDTH

SUM THESE
BLANKS AND
DIVIDEBY 2

/ SHIFT ALPHAMERIC \
FIELD X POSITIONS

AND STORE IN TEMP-
ORARY ARRAY WHERE

x=sg—M BLANKS —
NUMBER LEFT BLANKS

l

RESTORE ARRAY TO
TEMPORARY ARRAY
CONFIGURATION

( EXIT )

Ordering (RANK) Subroutine

Figure F-13. Optimization Logic Diagrams (21 of 21)

F-T1



sNeNeNsNeNeNsNeNeNesNeReNeNe NN N Q)

*%% PROGRAM DIRECTION INDICATOR #*##%

INDIC(1)=0 NO PRINT

INDIC(1)=1 PRINT

INDIC(2)=0 RANDOM POINT GENERATION
INDIC(2)=1 READ STARTING POINT

INDIC(3)=1 UNABLE TO GENERATE FEASIBLE STARTING POINT
INDIC(3)22 FEASIBLE

INDIC(3)=3 NOT FEASIBLE

INDIC(4)=1 VALID SEARCH VECTOR

INDIC(4)=2 OPTIMUM POINT

IiNDiICi(4)1=3 CONSTRAINT VIOLATION

INDIC(S5)=1 VALID EXPANDING SEARCH
INDIC(S)=2

INDIC(5)=3 BOUNDARY OR CONSTRAINT VIOLATION

#%% PROGRAM ###
DIMENSION YN(SO)eYP(S50)eCO(5) +sCN(S0e5)9C(S0e5)+ICN(SOsD) e ICP(505)
DIMENSION XMIN(S0) ¢ XMAX(S50) ¢DX(S50) +DY(57) +DDX(50)«INDIC(S)
DIMENSION NAME (14) «NPROB(40O) +NDATE(3)+ITYPE(7)+«NSYM(5043)
DIMENSION XIPT(S0)+TX(50)sACC(S50) +NW{(S0)esJ]I (50) eWGT(50+20)
DIMENSION IFUNC(10436)
DIMENSION IC(5)¢Z2(5)
EQUIVALENCE(LSsIC(1))
COMMON NAME ¢ NPROB ¢+ NDATE ¢« NCARDS s IFUNC ¢« XMIN ¢ XMAX ¢« NSYMesACCs I TYPE
*##% DATA INPUT *##
1 CALL DATA(NMAX +sGAMMA LPMAX LSMAX s WFAC«NCONs INDIC'NWXIPT)
*%% INITIALIZATION #¥##
2 CALL START(IFRT«LS+LP+MARY +LAMBNMAXsACCsXMAX s XMINIDXsNWeDDXsWGT)
*¥%% TYPE EXTREMUM #¥%
3 CALL EXTREM(ITYPEJIEXT)
*%% INITIAL POINT SELECTION IN N=-SPACE ###%
4 CALL NPOINT(INDIC +NMAX I NWIWGT o XIPT sDDX e XMINeJI)
KONCAV=0
5 CALL FEASBL (MARY +LAMB s IEXTeXIPT e ICesZe IFRToNCONsNMAX+WGTeWFACIJI o IN
1DICesNWeDDX)
*#%#% FEASIBILITY TEST *#%
IND=INDIC(3)
GO TO(99¢6e¢4 )¢ IND
##% SEARCH DIRECTION DETERMINATION ##%
6 LS=LS+1
CALL STEEP(NMAX s XIPTeDX e IEXTeDY s GAMMA ¢ XMAX ¢ XMIN¢NCONINDICoYOouY
INGYPsCO'CNICoICPJICNIIFRToICeZeTX)
IND=INDIC(4)
GO TO(13¢1047)¢IND
7 CALL STEEP1(YOWYNeYPsICPsICNXIPT ¢«NMAXsNCON+DY s INDICsDXeGAMMA + lEXT
10 ICeZ¢IFRTSTX)
IND=INDIC(S)
GO TO(B+s10+13)+IND
8 CALL TANHYP (NCON+NMAXsYPoYOWICP 4 ICNeINDICeCosCOGIEXToDYsGAMMA XIPT
IDXe ICeZeIFRT)
IND=INDIC(4)
GO TO(106¢13¢9)+IND
9 CALL TANP 1 (KONCAV+eYOINMAX e XIPT+DY¢NCONeZe IEXT s GAMMA «DX e XMAX ¢ XMINo ]

Figure F-14. Program Listings (1 of 31)
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". INDICeYNsYPsCOeCUNeCoICPICNGIFRTeICsTX)
IND=INDIC(4)
GO TO(10413¢13)«IND
C *#x% SEARCH *¥%

10 CALL EXPAND(GAMMA ¢ NMAX s XMAX o XMINe XIPT e IEXTeDYsDXe INDICsTXeBLD
1AN+BLDAO ¢+ BLDAP s YYNaYYO o YYP «NCONSs IFRT+1Cs2)
IND=INDIC(4)
GO TO(11499¢12)¢1IND

11 CALL NARROW(BLDAOBLDANBLDAP ¢ YYOsYYNoYYP ¢NMAX s IEXT e TXeXIPToDY DX
1INDICeNCONsICesZs IFRT)

C *¥#% INTERVAL LOCATJION *¥#%
12 CALL LOCINT(NWIsNMAX s XMINs XMAX e DOX e XIPT o TXoJI o IFRTINDICoICeZaltXTo
INCON)
C *#%% WEIGHT ADJUSTMENT x**

14 CALL ADJUST(NMAX«WGTsWFACsJI)
16 CALL END(LS+«ILSMAXINDIC)
IND=INDIC(S)
GO TO(6+13)+IND

C *%% WEIGHT NORMALIZATION *%*
13 CALL NORMAL (NMAX sNWesWGT +DDX)
C *¥%% EXTREMUM STORAGE #*%%

15 CALL STORAG(XIPTeIEXTeICeZsIFRTINCONJNMAXsLPLPMAX s INDICosMARY)
IND=INDIC(5)
GO TO(4417)¢IND
C *%¥% QUTPUT *%%x
17 CALL OUTPUT(NMAXLPJIEXT)
CALL SYSTEM
99 WRITE OUTPUT TAPE 64200
200 FCRMAT (1H +13HPROGRAM ERROR)
CALL SYSTEM
END

Figure F-14. Program Listings (2 of 31)
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OO0 OOOOOOOOO

100
101
102
103
104
110

1

2

3

4

199

SUBROUTINE DATA(NMAX ¢ GAMMA ¢ LPMAX ¢LSMAX s WFAC ¢+ NCONs INDICoNWXIPT) .
*%% DEFINITION OF VARJABLES *¥%

ACC PERCENT ACCURACY REQUIRED ON EACH INDEPENLENT VAR]AGLE
GAMMA EXPANSION RATE FACTOR

IFUNC ALPHANUMERIC DESCRIPTION OF THE FUNCTION

ITYPE TYPE EXTREMUM ( MINIMUM OR MAXIMUM )

LPMAX NUMBER OF RELATIVE EXTREMA DESIRED

LSMAX NUMBER OF SEARCHES DESIRED

NAME NAME OF ORIGINATOR

NCARDS NUMBER OF FUNCTION DESCRIPTION CARDS

NCON NUMBER OF CONSTRAINTS

NDATE DATE MOW./DAY/YEAR

NMA X NUMBER OF INDEPENDENT VARIABLES

NN CARD SEQUENCE NUMBER

NPROB NAME ASSIGNED TO THE PROBLEM

NSYM NAME ASSIGNED TO EACH INDEPENDENT VARIABLE

Nw NUMBER OF SUBINTERVALS ( USED IN WEIGHTING PROCEDURE )
XMA X MAX IMUM VALUE OF THE INDEPENDENT VARIAGBLE

XMIN MINIMUM VALUE OF THE INDEPENDENT VARIAGLE

WFAC WEIGHTING FACTOR

*#%#% PROGRAM #**#

DIMENSION IFUNC(10436)

DIMENSION XMIN(50) ¢« XMAX(S0) +NW(SO)« INDIC(S) +ACC(50)

DIMENSION NAME (14 ) e NPROB(40) ¢« NDATE(3) ¢ ITYPE(7) sNSYM(504+3)

COMMON NAME « NPROB s NDATE « NCARDS ¢ IFUNC s XMIN e XMAX e NSYMsACC o I TYPE « IBLK
FORMAT(1Xe14A1 959X e40A1410Xs2(1201X)slc012)

FORMAT (1A 44X e 7A1 e5XsF5e2¢4(5Xs12)95XeF6e2¢2(5Xe12)04Xe12)
FORMAT(I3+75Xe12)

FORMAT(36A2+6Xs12)
FORMAT(SXe3A2¢5XeF106495XeF106405XeF10e4¢5XsF6e2¢5Xe]14e2Xs12)
FORMAT(21HERROR IN INPUT FORMAT)

READ IOOOIBLKO(NAME(1)0131014)0(NPR08(1)0131'40)0(NDATE(1)OI=103)0
1NN

IF(NN=1)19942+199

READ 101+ (ITYPE(I)s1=10¢7)¢sGAMMA «NMAX s NCONILPMAX +LSMAXsWFACINDIC(]
1)¢INDIC(2) « NN

IF(NN=2)199+3¢199

READ 102+NCARDS NN

IF(NN=3)1994¢44¢199

DO 5 NC=1+NCARDS

READ 103¢(IFUNC(NCesI)o1=1¢36) NN

IF(NN=3)199¢5¢199

CONT INUE

DO 9 1=1+NMAX

READ IOQO(NSYM(IQJ)0J=IQ3)0XMIN(I)QXMAX(I)OXIPT(I)QNW(I)QACC(I)ONN
IF(NN=4)193+¢9¢199

CONT INUE

RE TURN

WRITE OUTRPUT TAPE 6.110

CALL SYSTEM

END

Figure F-14. Program Listings (3 of 31)
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sNsNeNeNesNeNesNeNeNeNeNe NN Ne NN NoNe N NN

SUBROUT INE START(IFRT aLS oL eMARY o LAMES ¢ NMAX ¢ ACL o XMAX o XM JiNe UX o NW » DU X

1eWGT)

DDX
DX
FM
FNW
IFRT
LAMB
LP
LS
MARY
NMA X
Nw
Nw I
WGT
XD
XMAX
XMIN

*%% DEFINITION UF VARTABLES #*%%

SUBINTERVAL SI1ZE

INCREMENT OF THE INDEPENDENT VARIAGBLE
SUBSTITUTION

SUBSTITUTION

FEASIBILITY STATUS INDICATOR

TERMINATION [INDEX

CURRENT EXTREMUM COUNT

CURRENT SEARCH COUNT

STARTING POINT COUNT

NUMBER OF INDEPENDENT VARIAGLES

NUMBER OF SUBINTERVALS OF VARJABLE RANGE
SUBSTITUTION

WEIGHT OF SUBINTERVAL OUF [NDEPENDENT VARIABLE
RANGE OF [INDEPENDENT VARIABLES

MAXIMUM VALUE OF INDEPENDENT VARIABLE
MINIMUM VALUE OF INDEPENDENT VARIABLE

*%% PROGRAM ¥#¥**

DIMENSION ACC(S50) e XMAX(50) « XMIN(S50) +DX(S0) +NW{S0) +DDX{50) +WGT(50s2

101

IFRT=0

LS=0
LP=0

MARY=0

LAMB=1000

DO 1

I=1+NMAX

FM=100e/7ACC(1)
XD=XMAX(I)=XMIN(I)
DX(1)=XD/FM
FNW=NW(I)

DDX (¢ 1)=XD/FNwW
NwWI=Nw(I)

DO 2 Ju=1+NwW1
WGT(led)=1es/XD
CONT INVE

RETURN

END

Figure F-14. Program Listings (4 of 31)
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D000 0NDOO0O0OO0

101

N~ e

SUBROUTINE NPOINT(INDICeNMAX sNWeWGT e XIPTsDDXeXMINoJ])

#x% DEFINITION OF VAKIABLES *%#*

ODX SUBINTERVAL SIZE

DS AREA OF SUBINTERVAL

FJ SUBSTITUTION

INDIC PROGRAM DIRECTION INDICATOR

J1 SUBINTERVAL NUMBER OF INDEPENDENT VARIABLE
NMA X NUMBER OF INDEPENDENT VARIABLES

Nw NUMBER OF SUBRINTERVALS OF VARIAwbLE RANGE
Nwl1 SUBSTITUTION

RN RANDOM NUMBER

S SUMMING VARIABLE

WGT WEIGHT OF SUBINTERVAL OF INDEPENDENT VARIABLE

XIPT CURRENT INDEPENDENT VARIABLE VALUE
XMIN MINIMUM VALUE OF INDEPENDENT VARIABLLE

*#¥% PROGRAM ¥*3¥*%

DIMENSION XIPT(50)«XMIN(50) ¢DDX(50)
DIMENSION NW(S0)sWGT(50:¢20)+J1(50)«INDICI(5)
FORMAT(1IH +14H INITIAL POINT/(3H X(+]12¢3H )=4¢E10e4))
IFCINDIC(2)=1)10¢40

DO 3 1=1+NMAX

RN=RANDOM ( RN)

NWl=NW(I)+1

S=0. )

DO S JU=2+NWI

DS=WGT(1+J=-1)#DDX( 1)

K=J

IF((S4+DS)I~RN)S 99

$=S+DS

KzK=-1

JI11)y=K

FJi=K~-1
XIPT(I)=XMIN(I)+FJIXDOX( 1)+ (RN=S)HI/WGT(]eK)
CONTINUE

GO TO 4

IFCINDIC(1)=1)7¢847

WRITE OUTPUT TAPE 6¢101¢(1eXIPT(1)el=1eNMAX)
RETURN

END

Figure F-14. Program Listings (5 of 31)
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"’ SUBROUT INE FEASBL(MAQYQLAMBQHﬂuﬁXlPToICOZOIFRTONCUNQNMAXOWGTOWFAC
1¢JI«INDICsNWDDX)

*#% DEFINITION OF VARIABLES ##%
IFRT FEASIBILITY STATUS INDICATOR
INDIC PROGRAM DIRECTION INDICATOR
LamB TERMINATION INDEX
MARY STARTING POINT COUNT

*% PROGRAM *%%

sNeNeNeNsNesNeNeNeNe!

DIMENSION XIPT(50)¢IC(5)¢Z2(5) sWGT(50¢20)¢J1(50)eINDIC(5)
DIMENSION NW(50)+DDX(50)
CALL FUNCY(IEXTeXIPTeYeICeZesIFRTs«NCON)
CALL ADJUST(NMAX+WGTeWFACeJI)
MARY=MARY +1
IF(MARY-LAMB)1 4142
2 INDIC(3)=1
RETURN
1 IF(IFRT-3)4+¢3:33
3 CALL NORMAL (NMAX+NWeWGT +DDX)
INDIC(3)=3
RETURN
4 INDIC(3)=2
RETURN
33 WRITE OUTPUT TAPE 64100
100 FORMAT(1H +12HERROR FEASBL)
END

Figure F-14, Program Listings (6 of 31)
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sNeNeNeNsNaNa N

SUBROUTINE EXTREM(ITYPE.IEXT)

*#%% DEFINITION OF VARIADBLES *#x

ATYPE EXTREMUM TYPE INDICATOR
1EXT TYPE EXTREMUM ( MINIMUM OR MAXIMUM )

*#%% PROGRAM #*%*

DIMENSION I1TYPE(T)
IFCITYPE(2)~-1TYPE(4))2e1 02
IEXT=0

[l o ST YN
L.} UK

IEXT=1
RETURN
END

Figure F-14. Program Listings (7 of 31)
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OO0 0000000000000 O000000000N

SUBROUT INE STEERP(NMAXeXeDX e IEXT ¢DY s GAMIMA ¢ XMAX o XM INeNCOINS [INDIC oYU Y
INOYPeCOCNsCoICPIICNIIFRTAICsZ+TX)

CN
DELY
DEL YN
DELYP
DX

DY
GAMMA
IC
ICN
1CP
IFRT
INDIC
NCON
NMA X
NULL

RMSDY
SUMDY
TX

XMAX
XMIN

YN

*%% DEFINITION OF VAKIAWLES **x

CONSTRAINING FUNCTION VALUE AT INCREMENT

CONSTRAINT VALUE AT NEGATIVE INCREMENT

CHANGE IN OBJECTIVE FUNCTIUN IN LDECKEASING DIReCT]UN
CHANGE IN OBJECTIVE FUNCTION AT NEGATIVE [NCREMENT
CHANGE IN OBJECTIVE FUNCTION AT POSITIVE INCREMENT
INCREMENT OF THE INDEPENDENT VARIABLE

DIRECTION NUMBER INDICATING DIRECTIUN UF STEEPEST UESCENT

EXPANSION RATE FACTOR

CONSTRAINT STATUS INDICATUR

CONSTAINT STATUS AT NEGATIVE INCREMENT
CONSTAINT STATUS AT POSITIVE INCREMENT
FEASIBILITY STATUS INDJCATOR

PROGRAM DIRECTION INDICATOR

NUMBER OF CONSTRAINTS

NUMBER OF INDEPENDENT VARIABLES

OPTIMALITY VARIABLE

SUBSTITUTION

SUBSTITUTION

SUM OF CHANGES [N OBJECTIVE FUNCTI]ON
SUBSTITUTION

CURRENT INDEPENDENT VARIABLE VALUE

MAXIMUM VALUE OF INDEPENDENT VARIABLE

MINIMUM VALUE OF I[INDEPENDENT VARIABLE

VALUE OF THE OBJECTIVE FUNCTION AT BASc POINT
OBJVECTIVE FUNCTION VALUE AT NEGATIVe INCREMENT
VALUE OF THE CUOLCTIVL FUNCTION AT POSITIVE INCREMENT

CURRENT CONSTRAINING FUNCTION VALUE

*%% PROGRAM # %%

DIMENSION TX(S0)eX(50)+¢DX(50) +« XMAX(S0) s XMIN(S0O) s YP(50)¢C (500
10 S5)sICP(50s¢ 5)

DIMENSION IC( S)e¥YN(S50)eCN(S0e S)sICN(D0e 5) eDELY (D0« INDIC(D) 2DY(
157)e2( 5)

CALL FUNCY(JEXTeXeYOsICesCOIFRT«NCON)

OO0 1

=1 ¢ NMAX

TX(TI)y=X(1)

DO 2 1=1+NMAX

TXCI)y=TX(1)+DX (1)
IF(TX(1)~XMAX(1))3e3+4
TXCTI)=XMAX(])

CALL FUNCY(JEXTeTXeYeICele IFRT«NCON)

YP(1)=Y

IF(NCON)28+27+28

DO S JU=1+NCON
C(led)=Z(Y)
ICP(1eu)=1C(Y)
TXCI)=XC1)-DX(])
IF(TXCI)=XMIN(]I))OaTs7
TXCI)=XMINCI)
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7 CALL FUNCY(IEXTeTXoeYe1CeZelFRT¢NCON)
YN(l)=Y
IF(NCON)Y29+2+29
29 DO 8 J=1¢«NCON
CN(lesI)=Z(J)
ICN(1eJ)=IC(J)
TXCIy=X (1)
NULL=0
DO 10 I=14.NMAX
DELYP=YO=YP(1])
DELYN=YO=-YN(1)
IF(DELYN)11lelle1l2
11 IF(DELYP)13413s12
12 IF(DELYP=-DELYN)144154¢15
14 DELY(1)==~DELYN
GO TO 10
15 DELY(1)=DELYP
GO TO 10
13 DELY(1)=0.
NULL =NULL+1
10 CONTINUE
IF(NMAX=NULL)17¢16417
16 INDIC(4)=1
RETURN
17 SUMDY=0,
DO 18 I=1+NMAX
18 SUMDY=SUMDY+DELY(I)¥DELY(1])
RMSDY=SQRT (SUMDY)
DO 19 I=1+NMAX
19 DY(1)Y=DELY(1)/RMSDY
IF(IFRT=40)26¢264+25
26 IFUINDIC(1)=1)204¢21420
21 WRITE OUTPUT TAPE 64101« (14DY(1)el=1sNMAX)
101 FORMAT(IH «¢3HDY(eI12¢2H)=¢E1064)
20 R=GAMMA~1,
DO 22 1=1+NMAX
22 TX(1)=X(I1)Y+R*DY (1 )%#DX (1)
CALL FUNCY(IEXTaTXeYoICeZe IFRT«NCON)
IF(IFRT=3)123¢2423
23 INDIC(4)=2
RETURN
24 INDIC(4)=3
25 RETURN
END

o N ®
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J

. SUBROUTINE STEEPI(YOeYNsYP 4 ICPeICNeX e NMAX e NCONsDY o INDIC oDX s GAMMA o |
JEXTeICeZa IFRTETX)

*x%x DEFINITION OF VARIABLES *#%
DELY CHANGE IN OBJECTIVE FUNCTION IN DECKREASING DIRKECT]IOUN

DELYN CHANGE IN OBJECTIVE FUNCTION AT NEGATIVE INCREMENT
DELYP CHANGE IN OBJECTIVE FUNCTION AT PUSITIVE INCREMENT

(0} 4 DIRECTION NUMBER INDICATING DIRECTION OF STEEPEST ULESCENT
GAMMA EXPANSION RATE FACTOR

ICN CONSTAINT STATUS AT NEGATIVE INCREMENT

1CP CONSTAINT STATUS AT POSITIVE INCREMENT

IFRT FEASIBILITY STATUS INDICATOR

INDIC PROGRAM DIRECTION INDICATOR

NG CONSTRAINT STATUS INDICATOR

NMA X NUMBER OF INDEPENDENT VARIABLES

NULL OPTIMALITY VARIABLE

R SUBSTITUTION

RMSDY SUBSTITUTION

SUMDY SUM OF CHANGES IN OdJECTIVE FUNCTION

TX SUBSTITUTION

X CURRENT INDERPENDENT VARIABLE VALUEL

YN OBJECTIVE FUNCTION VALUE AT NEGATIVE INCREMENT

YO OBJUECTIVE FUNCTION VALUE AT BASE POINT

YP VALUE OF THE OBJUECTIVE FUNCTION AT POSITIVE INCREMENT

*¥#% PROGRAM *%*#*

s NeNsNeNeNaNeNe N s e NeEaNsNaNsEeEs N Ne e e NN o N !

DIMENSION YP(50)sYN{SO) e ICP(50e S)sICNIS0Oe D) DELY(D0) ¢ INDIC(D) e TX
1(50) «X(50) ¢DX(50) «DY(57)¢ICHL D)eZ( D)
NG=0
NULL =0
DO 1 1I=1eNMAX
DELYP=YO-YP( 1)
DELYN=YO=-YN(1])
DO 2 J=1«NCON
IFCICP(leJ))de204
2 CONT INUE
GO T0O 5
4 DELYP=0,
NG=1
5 DO 6 J=1+NCON
IFCICN(I0J))Te607
6 CONT INUE

GO TO 3
7 DELYN=0,
NG=1
3 IF(DELYN)B«84+9
8 IF(DELYP)100104¢9
9 IF(DELYP~-DELYN)11e12412
11 DELY(1)==DELYN
GO TO 1
12 DELY(1)=DELYP
GO TO 1

10 DELY(1)=0.
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NULL =NULL +1
1 CONT INUE

IF (NMAX—=NULL )13¢14413

14 IF(NG=1)15416415

16 INDIC(S)y=1
RETURN

15 INDIC(5)=3
RETURN

13 SUMDY=0,
DO 17 I1=1+NMAX

17 SUMDY=SUMDY+DELY (] )*DELY(])
RMSDY=SQRT (SUMDY)
DO 18 I=1 +NMAX

18 DY(1)=DELY(I)/RMSDY
IFCINDIC(1)=1)20419420

19 WRITE OUTPUT TAPE 641014 (1eDY(I)el=1+NMAX)

101 FORMAT(1H +4HDY1(e12¢2H)=eE10e4)

20 R=GAMMA-1,
DO 21 I=1 «NMAX

21 TXC(I)=X(1)+R*¥DY (1 )#DX(1)
CALL FUNCY(IEXTeTXeYeICeZs IFRT«NCON)
IF(1IFRT=3)22+23+22

22 INDIC(5)=2
RETURN

23 INDIC(5)=1
RETURN
END
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sEeNeNsNeNsNeNsNeNsNeNoNeNeNeNeNeNeNe N Ne Ne Ne N e NaNaNe NN NeNe N e NeKe)

SUBROUTINE TANHYP (NCONJNMAX s YP e YU e TCP ¢ ICNGINDIC oL e LU IEXT oUY ¢ GAMMA
leXeDXeICeZs IFRT)

#%% DEFINITIUN UF VARIAoLES #%%

CcoO CONSTRAINT VALUE AT BASE POINT

C CONSTRAINT VALUE

OX INCREMENT OF THE INDEPENDENT VARIABLE

Oy DIRECTION NUMBER INDICATING DIRECTION OF STEEPEST DESCENT
G LINEAR PROGRAM MATRIX ELEMENT

GAMMA EXPANSION RATE FACTOR

1C CONSTRAINT STATUS INDICATOR

ICN CONSTAINT STATUS AT NEGATIVE INCREMENT

ICP CONSTAINT STATUS AT PO3SITIVE INCREMENT

IFRT FEASIBILITY STATUS INDICATOR
INDIC PROGRAM DIRECTION INDICATOR

KI SUBSTITUTION
KKM SUBSTITUTION
KM SUBSTITUTION
KMI] SUBSTITUTION
KR NULL SEARCH VECTOR INDICATOR

L.SuB LINEAR PROGRAM VALIDITY INDICATOR
NCOL NUMBER OF COLUMNS IN MATRIX (LP)
NCON NUMBER OF CONSTRAINTS

NCON1 SUBSTITUTION

NCONT SUBSTITUTION

NMA X NUMBER OF INDEPENDENT VARIABLES
NROW NUMBER OF ROWS IN MATRIX (LP)

R SUBSTITUTION

TX SUBSTITUTION

X CURRENT [INDEPENDENT VARIABLE VALUE

Y CURRENT VALUE OF THE OBJECTIVE FUNCTION

YO OBJECTIVE FUNCTION VALUE AT BASE POINT

YP VALUE OF THE OBJECTIVE FUNCTION AT POSITIVE INCREMENT

%*%#% PROGRAM *%#*

DIMENSION G(S74107)eIC(9)eYP(50)¢ICP(50:¢5)¢s ICN(50¢5)+INDEFC(S)
DIMENSION C(50¢5)eCO(S5)sDY(57)eDX(50)eTX(S50) +X(50)¢2Z(5)
NCON1=NCON+1

NCONT=NCON+NMAX

NROW=NCONT+2

NCOL =NROW+NMAX

DO 1 N=1+NROW

DO 1 J=1eNCOL

G(NOJ)=O.

DO 2 J=1e«NCON

1C(J)Y=0

DO 3 J=1+NMAX

G(1leU)=(YRP(J)=YO)/DX(J)

DO 4 1=1+NMAX

DO 4 JU=1+NCON

IFCICP(10J))5e605

IFCICN(TI4J))S5e445

ICtUyY=1
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100

10
11

12

13

15
16
14

17
19

21

101
20

23
24
22
25
26
27
29

18

CONT INUE

IFCINDIC(1)=1)8e748

WRITE OUTPUT TAPE 6+¢100¢(JelIC(J)eJ=1eNCON)
FORMAT(1IH +3HIC(s]12e2H)=0s12)
K=2

DO 9 J=1+NCON
IF(IC(JUY=1)9¢10+33

DO 11 M=1 ¢NMAX
G(KeM)I=(C(MeJ)=CO(J))I/DX (M)
KM=NMAX+K~-1

G(KeKM)==1,

K=K+1

CONT INUE

KKM=KM+NMAX+1

JK=K=1

DO 12 [=2¢JK

DO 12 J=1+NMAX
G(leKKM)=G(]+eKKM)+C(1esJ)

DO 13 1=1+NMAX

G(Kel)=1s

KI1=KM+1

G(KeKl)=1s

G(KeKKM) =2

K=K+1

K=K=1

DO 14 [=2+K

IF(G(IeKKM) )15014414

DO 16 J=1+KKM

G(leJ)==G(1e)

CONT INUVE

KMi=KM+1

LSUB=0

CALL LPSUB(KKKMeGsIEXTeDY s NMAXLSUB)
IF(LSUB)33+¢17418

DO 19 I=1+KM]

DY(1)=DY(I)~=1e
IFCINDIC(1)=1)20021420
WRITE OUTPUT TAPE 64101 (1eDY(1)sI=1sNMAX)
FORMAT(1H +4HDY2( ¢12¢2H)=eE10e4)
KR=0

DO 22 I=1+NMAX
IF(DY(1)~=4001)23+¢23+22
IF(DY(1)4e001)22¢24+24
KR=zKR+1

CONT INUE

IF(KR=NMAX)25¢18¢33
R=GAMMA~-1,

DO 26 1=1NMAX
TXCI))=X(1)+R*DY (1) *DX(1)
CALL FUNCY(IEXT eTXeYsJCeZeIFRTsNCON)
IF(IFRT=3127¢28433
IF(Y-Y0)29.18+18

INDIC(4) =1

RETURN

INDIC(4)y=2
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RETURN
33 WRITE OQUTPUT TAPE 64102
102 FORMAT(1H «12HERROR TANHYP)
CALL SYSTEM
28 INDIC(4)=3
RETURN
END
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sNeNsNeNeoNeEsNeNaNeNeNe e e NN NN N NGNS NS

SUBROUT”E:TANpl(KONCAVOYOONMAXQXODY'NCONOZOltXTOGAMMAODx.xMAXOXM‘"'
INGINDICosYNOYPoeCOeCNICo JCPoICNIIFRT S ICeTX)

*#%% DEFINITION OF VARIABLES ###%

DDY SUBSTITUTION
DX INCREMENT OF THE INDEPENDENT VARIABLE
Dy DIRECTION NUMBER INDICATING DIRECTION OF STEEPEST DESCENT

IEXT1 MAXIMUM INDICATOR
IFRT  FEASIBILITY STATUS INDICATOR
INDIC PROGRAM DIRECTION INDICATOR
1P MOST VIOLATING CONSTRAINT

KONCAV CONCAVE CONSTRAINT INDICATOR
NMA X NUMBER OF [INDEPENDENT VARIABLES

R SUBSTITUTION

TX SUBSTITUTION

X CURRENT INDEPENDENT VARIABLE VALUE

XX SUBSTITUTION

YO OBUECTIVE FUNCTION VALUE AT BASE POINT

YYO OBJVECTIVE FUNCTION VALUE AT PREVIOUS CONCAVE CONDITION
P4 CURRENT CONSTRAINING FUNCTION VALUE

*#% PROGRAM #*#%

DIMENSION XX(50)eX(50)«DDY(S0)sDY(S7)eZ(5)eDX(50) e XMAX (S50 ) ¢« XMIN(50
1)eINDIC(S) s YN(S0) e YRP(S50)+sCO(S)sCN(S0e5)sC(S50e5)+ICN(S50¢5)ICP(50¢5
2)41C(5) e TX(50)

1P=0 .

IF(KONCAV)1e¢le2

1 YYO=YO

KONCAV=KONCAV+1

DO 3 1=1+NMAX

XXCI)y=X(1)

3 DDY(1)=DY(I)
DO 4 1=1+NCON
IF(Z(1))15+444
S IFC(IP)33¢6¢7
6 1P=1
GO TO 4
7 IF(ZC(IP)Y=Z(1))4+:4¢6
4 CONTINUE

IFRT=40+1P

IEXT1i=1

CALL STEEP(NMAX ¢XeDXeIEXT]1 ¢DY s GAMMA ¢ XMAX ¢ XMIN¢NCON INDICoYO s YNosYPy
1COsCNeCoICPICNIIFRTIICeZeTX)

R=1e

IFRT=1FRT=-40

DO 8 1=1+NMAX

8 TX(I)=X(1)+R*DY (1 )#DX(I)
CALL FUNCY(IEXT1eTXeYsICeZeIFRTINCON)
IF(IFRT=3)9410+33
9 DO 11 I=1.NMAX
X(1)=TX(])
11 DY(1)=DDY (1)
INDIC(4) =]
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RETURN
1C WRITE OUTPUT TAPE 64100
100 FORMAT(1H +24HCHECK CONCAVE CONSTRAINT)
INDIC(4)=3
RETURN
33 WRITE OUTPUT TAPE 64101
101 FORMAT(1H +11HERROR TANR1)
CALL SYSTEM
2 IF(YO=-YYO)1le14414
14 DO 15 I=1+NMAX
1S5 X(1y=XX(1)
INDIC(4)y=2
RETURN
END
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SUBROUTINE LPSUB(I1eJJeASIEXT+DYsNMAXLSUB)

*#% DEFINITION OF VARIABLES ¥*##%

A LINEAR PROGRAM MATRIX ELEMENT

(0] 4 DIRECTION NUMBER INDICATING DIRECTION OF STEEPEST DESCENT
11 NUMBER OF MATRIX ROWS

JJ NUMBER OF MATRIX COLUMNS

L BASIS VECTOR

LsuB LINEAR PROGRAMMING VALIDITY INDICATOR

w SOLUTION VECTOR

XMIN PIVOT ROW SELECTOR
##% PROGRAM *#x

DIMENSION A(S57¢107)¢eW(ST)el.(57) DY (57)
111=11+4+1
DO 30 1=1.11!1
DY(1)=0e¢
Wely=0oe
30 L(1)=0
DO 131 =211
NSLAK=NMAX+[ -1
IF(ACToNSLAK))I 1314131431
31 L{1)=NSLAK
131 CONTINUE
33 KKK=0
22 1=1
23 1=1+1
IF(1-111)24+¢40+40
24 1F(L(1))23¢25¢23
25 DO 27 J=1+JJ
IF(A(14J))26027426
26 A(I114JU)=A(TI11e)=A(]4J)
27 CONTINUE
GO T0O 23
40 K=111
44 J=0
W(K)=0.0
L(K)Y=0
42 J=J+1
IF(J=UJ)8]+45445
41 IF(A(KeJ)IE3,442.42
43 JIF(W(K)~A(KeJ))EG2e¢420¢47
47 W(K)Y=A(KsJ)
L(K)Y=J
GO TO 42
45 IF(L(K))Aa6+:62+46
46 KJI=L(K)
DO 120 1=2.11
IF(ACT+KJU)IT2001204121
120 CONTINUE
GO TO 66
121 1=1
JK=0
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F-88




50

52
51

55
S3

57

58
580
59

60

600

61

205

62

63

65

230

70

71
76
66

I=1+1
IF(1I-11152¢52+56
IF(A(TI+KJ))IS50:50451
X=A(TsJIJI/A(]eKJ)
IF(JUKISS5¢53¢59
IF(X=XMIN)S53¢50+¢50
XMIN=X

JK=1

GO TO 50

X=A(JKeKJ)

L(uKy=KJ

DO 57 I=1s111
WITI)Y=A(T.KJ)
1J=UK=-1

DO 59 I=1.+1J

DO 59 J=1+JJ
IF(A(UKeJ))I58¢59458
IF(W(]1))580+¢59¢580
A(ToJIZA( ] ¢ J)=WIT)H(A(IKJ)/X)
CONT INVE

1U=JUK+1

DO 61 I=1Je111

DO 61 J=1+JJ
IF(A(JUKeJ)IOE0e61 460
IF(W(1))600+¢61+600
A(le)=A(T o J)~W(I)IR(A(IKOI)I/X)
CONT INUE

DO 205 JU=1+JJ

A(JK s JI=A(IKJI/X
KKK =KKK+1

GO TQ 44
IF(K=1)70¢704¢63
1Jd=JU-1

DO 65 J=ls1J
IF(A(KeJ)=e0001)65:65+66
CONT INVE

DO 230 J=1+JJ
A(IIleJ)=0e0

K=1

KKK=0

GO TO a4

DO 71 I=2.11

K=L(1)
DY(K)=A(1eJJ)
RETURN

LsuB=S

GO TO 76

END
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SUBROUT INE EXPAND (GAMMA ¢ NMAX ¢ XMAX s XMINs XIPT ¢ JEXTsDYsDXes INDICo '
1 TX ¢+ BLDANBLDAO «BLDAP+sYNsYOsYP ¢NCONs IFRTe1Ce2Z) .

*%x% DEFINITION OF VARJABLES *#%

BLAMDA EXPANSION FACTOR

BLDAN LOWER CONFINEMENT OF LOCAL EXTREMUM

BLDAO LAMBDA VALUE AT ONE STEP BEFORE TERMINATION
BLDAP UPPER CONF INEMENT OF LOCAL EXTREMUM

CLAMDA LAMBDA VALUE AT BOUNDARY

DX INCREMENT OF THE INDEPRPENDENT VARIABLE

Dy DIRECTION NUMBER INDICATING DIRECTION OF STEEPEST DESCENT
GAMMA EXPANSJON RATE FACTOR

IFRT FEASIBILITY STATUS INDICATOR

INDIC PROGRAM DIRECTION INDICATOR

LIP BOUNDARY VIOLATION INDICATOR

NMA X NUMBER OF INDEPENDENT VARIABLES

SLAMDA MINIMUM LAMBDA VALUE AT BOUNDARY

TX SUBSTITUTION

XIPT CURRENT [INDEPENDENT VARJABLE VALUE

XMAX MAXIMUM VALUE OF INDEPENDENT VARIABLE

XMIN MINIMUM VALUE OF INDEPENDENT VARIABLE

Y OBJECTIVE FUNCTION VALUE AT N-TH STEP
YN OBJUECTIVE FUNCTION VALUE AT N-2

YO OBJECTIVE FUNCTION VALUE AT N-1

YpP OBJECTIVE FUNCTION VALUE AT N

##% PROGRAM #*%#

DIMENSION INDIC(5) ¢« XMAX(S50) e XMIN(S0) e XIPT(50)¢DY(57)¢DX(50)+Y(100)
1¢TX(S0)«BLAMDA(1I00)+IC( 5)e2( 5)
IFCINDIC(1)=1)2+10¢2

WRITE OUTPUT TAPE 64100

FORMAT(1H +16HEXPANDING SEARCH)

DO 3 N=1499

LIP=0

BLAMDA(N)= (GAMMA®#* (N=1))=1.

DO 4 1=1+NMAX
TX(1)=XIPT(I)+BLAMDA(N)*¥DY (1) *DX (1)
IF(TX(1)=XMAX(]))Ss5+¢6
IF(TXC(I)=XMINC(I))7e444
CLAMDA=(XMIN(])=-XIPT(I))/7(DY(1)*DX(1))
GO TO 8
CLAMDA=(XMAX(I)-XIPT(I))/7(DY(1)*¥DX(1))
LIP=LIP+]

IF (LIP-2) 9434434

IF (SLAMDA~CLAMDA) 44949

SLAMDA=CLAMDA

CONTINUE

IF(LIP=-1)10e11011

DO 12 I=1:NMAX
TX(1)=XIPT(I)+SLAMDA®XDY (1) *DX (1)
XIPT(1)=TX(1)

IFCINDIC(1)-1)14413014

WRITE OUTPUT TAPE 6+101+SLAMDA
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101

102
14

16
10
15

20
19
23

103
ez
24
26
27

33
104

17
28
25

i8

29

21

30

FORMAT (1H +7HSLAMDA=4E10e4)

WRITE QUTPRPUT TAPE 6+¢102¢ ([« XIPTCI)el=1eNMAX)
FORMAT (1H +2HX(+s12+2H)=et10e4)

CALL FUNCY(IEXTeTXeYNeICoeZosoIFRT «NCUN)
IF(IFRT-3)15416¢33

IF(N=-3)17+18.18

CALL FUNCY(IEXToeTXesYNeICeZe IFRT e NCUN)
Y{(N)=YN

IF(IFRT-3)194¢204¢33

IF(N=-3) 25421421
IFCINDIC(1)~-1)22+23422

WRITE OUTPUT TAPE 64103 eNsY(N)
FORMAT(IH +2HY(e12¢2H)=0eE104e4)
IF(LIP=1)24425425

IF(N=3)3426+26
IFCY(NY=Y(N=1))2T7+21021
IF(LIP-1)34+25425

CONT INUE

INDIC(4)=2

RETURN

WRITE OUTPUT TAPE 64104

FORMAT(1H +12HERROR EXPAND)

CALL SYSTEM

DO 28 I=1+NMAX
XIPT(1)=TX([)=-SLAMDA*DY (1)*DX(])
INDIC(4)=3

RETURN

INDIC(4)=3

DO 29 I=1NMAX
XIPT(I)=XIPT(I)-SLAMDA*DY (1)*DX (1)
XIPT([)=XiPT{I)+BLAMOAIN-1}¥DY (1) ¥DX(1]1)
RETURN

BLDAN=BLAMDA (N-2)

BLDAOC=BLAMDA (N-1)

BLDAP=BLAMDA (N)

YN=Y(N=~2)

YO=Y(N-1)

YP=Y(N)

DO 30 I=1+NMAX

TXCI) =XIPT(I)+BLAMDA(N=-1)*DY( 1)*¥DX (1)
INDIC(4)=1

RETURN

END

>
-
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13
12
14
16

SUBROUT INE NARROW ( BLDAU ¢ BLDAN ¢ BLDAP ¢ YU s YNs YP o NMAX ¢ IEXT e TX e X IPT DY o
1DXe INDICINCONS ICeZ4 IFRT)

BLDAN
BLDAO
BLDAP
OB

Oy
IFRT
INDIC
ISTOP
NMA X
TBN
B8P
TOB
TT

XX

YN

YO

YP
YTTN
YTTP

%% DEFINITIUN OF VARJADLES *%*#*

LOWER CONF INEMENT OF LOCAL EXTREMUM

LAMBDA O VALUE

UPPER CONFINEMENT OF LOCAL EXTREMUM

SPAN BETWEEN LAMBDA O AND LAMBDA +

DIRECTION NUMBER INDICATING DIRECTION OF STEEPEST DESCENT
FEASIBILITY STATUS INDICATOR

PROGRAM DIRECTION INDICATOR

SUBPROGRAM DIRECTION INDICATOR

NUMBER OF INDEPENDENT VARIABLES

LAMBDA O + LAMBDA - /2

LAMBDA O + LAMBDA + /2

CONTRACTING SEARCH TERMINATION VARIABLE
SUBSTITUTION

INDEPENDENT VARIABLE VALUE AT HALF

OBJUECTIVE FUNCTION VALUE AT LAMBDA -

OBJUECTIVE FUMCTION VALUE AT LAMBDA O

OBJUECTIVE FUNCTION VALUE AT LAMBDA +

CURREUT OBJECTIVE FUNCTION VALUE AT NEGATIVE HALF
CURREUT OBJECTIVE FUNCTION VALUE AT POSITIVE HALF

#*##%# PROGRAM ¥*%%

DIMENSION TX(50) ¢ IC(5)eZ(5)+DY(S57) e XX(50) ¢ XIPT(50)DX(50)¢INDICI(S)

1STOP=0

TBN=(BLDAO+BLDAN) /2.
TBP=(BLDAO+BLDAP1I /2.
OB=BLDAP-BLDAO

DO 2

1=1sNMAX

IF(DY(1))3¢243
TDB=ABSF (1e/DY (1))
IF(DB~-TDB)2+2+4
CONT INUE
IF(ISTOP=1)5¢6+7

ISTOP=1

DO 8 1=1+NMAX
XXC1)=XIPT(I)+TBN®DY (1) #DX (1)

CALL FUNCY(IEXToXXsYTTNeICeZs IFRTNCON)
IF({IFRT=3)9+10e7

DO 11

1=1NMAX

XX(1)=XIPT(1)+TBP*DY (1) *DX(I)

CALL FUNCY(JEXToeXXsYTTPeICeZe IFRT«NCON)
IFCIFRT=3)126¢13e7

IF(YTTN=-YTTP)14+¢14415
IF(CYTTIN=YTTP)14414417
IF(YTTIN=-Y0)164154¢15

TT=YO

YO=zYTTN

YP=TT

TB8=BLDAO
BLDAO=TBN
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BLOAP=TB
GO TO 1
10 DO 18 1=1+NMAX
18 XIPT(I)=XIPT(I)+BLDAN®DY (1 )*DX (1)
INDIC(4)=1
CALL FUNCY(IEXToXIPTeYsICeZsIFRT«NCON)
IF(IFRT=3)194¢2047
20 DO 21 1=1+NMAX
21 XIPT(1)=TX(1)
RETURN
17 IF(YTTP=-Y0)22+15¢15
22 TT=Y0O
YO=YTTP
YN=TT
T8=BLDAO
BLDAO=TBP
BLDAN=TB
GO T 1
15 BLDAN=TBN
BLDARP=TBP
YN=YTTN
YP=YTTP
GO TO 1
6 DO 23 1=1+NMAX
23 XIPT(I)=XIPT{1)+8LDAO*DY (1 )*DX(])
INDIC(4)=1
19 IFCINDIC(1)~1)24425¢24
25 WRITE OUTPUT TAPE 641004 (1 +XIPT(I)e1=1+NMAX)
WRITE OUTPUT TAPE 6+41014Y0
24 RETURN
7 WRITE OQUTPUT TAPE 6+102
CALL SYSTEM
100 FORMAT(1H +2HX(e12¢2H)1=4E10e5)
101 FORMAT(1H +27HY OUTPUT CONTRACTING SEARCHWE12.6)
102 FORMAT(1H 4+12HERROR NARROW)
END
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SUBROUTINE LOCINT(NWeNMAX e XMINeXMAXsDOX o X[PTeTXeJIsIFRTsINDICS lCo‘
1+ IEXT «NCON)

*#%#% DEFINITION OF VARIABLES #*¥*

ODX SUBINTERVAL SI1ZE
0s SUBSTITUTION
DX INCREMENT OF THE [NDEPENDENT VARIABLE

IFRT FEASIBILITY STATUS INDICATOR
INDIC PROGRAM DIRECTION INDICATOR

J1 SUBINTERVAL NUMBER OF INDEPENDENT VARIABLE
NMA X NUMBER OF [INDEPENDENT VARIABLES

NW NUMBER OF SUBINTERVALS OF VARIABLE RANGE
NWI SUBSTITUTION

TS SUMMING VARIABLE

TX SUBSTITUTION

XIPT CURRENT INDEPENDENT VARIABLE VALUE
XMAX MAXIMUM VALUE OF INDEPENDENT VAR]IABLE
XMIN MINIMUM VALUE OF INDEPENDENT VARIABLE

*%% PROGRAM ¥*##

DIMENSION NW(S0) e XMIN(S50) o XMAX(S0) o XIPT(S0)eJI(S50)eIC(5)eZ(D)eTX
1(50)+DDX(50) + INDIC(5)

DO 1 1=1eNMAX

NWI=NW(I)+1

TS=XMIN(])

DS=0,

DO 2 Ju=1e+NWI

TS=TS+DS

DsS=DDX (1)

K=J

IF(TS=XIPT(1))2¢346

CONTINUE

IF(XIPT(I)-XMAX(I))5¢6¢33
IF(XIPT(I)Y=XMIN(]1))33e7¢6

JI(1)=K

GO TO 1

JI1(1)=K-1

CONT INUE

CALL FUNCY(IEXTeXIPTsYE«ICsZe IFRTaNCON)
IF(IFRT-3)8:¢9¢33

DO 1C 1I=1+NMAX

XIPT(1)=TX(])

IFCINDIC(1)~1)84¢1148

WRITE OUTPUT TAPE 6+100¢(JeXIPT(1)sl=1sNMAX)
FORMAT(1IH +2HX( e 12¢2H)=sE10e5)

RETURN

WRITE OUTPUT TAPE 64101

FORMAT(1IH +12HERROR LOCINT)

CALL SYSTEM

END
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OO0 00O0

30

SUBROUTINE ADJUST(NMAX+sWGTeWFACeJ] )
*#% DEFINITION OF VARIABLES *#x%

J1 SUBINTERVAL NUMBER OF INDEPENDENT VARIABLE
JIMm SUBSTITUTION

NMA X NUMBER OF INDEPENDENT VARIABLES

WFAC WEIGHTING FACTOR

WGT WEIGHT OF SUBINTERVAL OF INDEPENDENT VARIAbLLE

*%% PROGRAM %*%%

DIMENSION WGT(50420)+J1(50)
DO 30 I=1eNMAX

JIM=JI(])
WGT(IsJIM)=WGT(IeJIM)/WFAC
RETURN

END
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501

502

SUBROUT INE NORMAL (NMAX +NWeWGT «+DDX)
*%% DEFINITION OF VARJABLES ##%
DDX SUBINTERVAL SIZE

DSWGT SUBSTITUTION
NMAX NUMBER OF INDEPENDENT VARIABLES

NW NUMBER OF SUBINTERVALS OF VARIABLE RANGE

NWwI SUBSTITUTION

SWGT SUMMING VARIABLE

WGT WEIGHT OF SUBINTERVAL OF INDEPENDENT VARIABLE

##% PROGRAM *¥#%

DIMENSION NW(S50)+WGT (50e¢20) +DDX(50)
DO 502 1=1+«NMAX

SWGT=0,

NWI=NW(I])

DO S01 J=1+NW!

DSWGT=WGT (] eJ)

SWGT=SWGT+OSWGT

DO 502 J=1eNWI
WGT(1eJ)=WGT (1 eJ)/(DDX(])*SWGT)
CONT INUE

RETURN

END
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. SUBROUTINE STORAGIXIPTeleXTelCeZo IFRToNCUNINMAXsLF sLPMAX e INUIC sMAR
1Y)

#%% DEFINITION OF VARIABLES #%#%

IEXT EXTREMUM TYPE INDICATOR (MAXIMUM OR MINIMUM)
INDIC PROGRAM DIRECTION INDICATOR

LP CURRENT EXTREMUM COUNT

LPMAX MAXIMUM NUMBER OF EXTREMA

XIPT OPTIMAL INDERPENDENT VARIABLE VALUE

Y OPTIMAL OBJECTIVE FUNCTION VALUE

*¥* PROGRAM #¥%*

OO0O0OO0OO0OO0O0O0O00O0OO0

DIMENSION INDIC(D)oXIPT(S0)¢IC( H)elt D)
CALL FUNCY(JIEXT o XIPTeYeICeZoIFRT«NCON)
IF(IEXT-1)941049

10 Y==Y

100 FORMAT(1H +2HX(412¢2H)=eE10e5)
101 FORMAT(1H +2HY=4E12¢7)

9 IF(INDIC(1)~1)8+¢7¢8

7 WRITE OQUTPUT TAPEG6+100«¢ (1o XIPT(I)esI=1sNMAX)
WRITE OUTPUT TAPE 6¢101 Y

8 IF(LP)5Ss4 .o

4 REWIND 9

S LP=LP+1
WRITE TAPE 9« (XIPT(]l)eI=1eNMAX) Y
IF(LP=LPMAX)1¢2+¢2

1 INDIC(S)=1
GO 70 3

2 INDIC(S5)=2
END FILE 9

2 INDIC(5)=2

3 MARY=0
RETURN
END
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SUBROUTINE END(LSLSMAX«INDIC)
#%#% DEFINITION OF VARIABLES *##

INDIC PROGRAM DIRECTION INDICATOR

LS CURRENT SEARCH COUNT

LSMAX MAXIMUM NUMBER OF SEARCHES

MARY CURRENT NUMBER OF STARTING POINTS

*%% PROGRAM ¥*¥#*

DIMENSION INDIC(5)

IF(LS=LSMAX)14242

INDIC(S)=1
GO TO 3
INDIC(5)=2
RETURN
END
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SUBROUT INE OUTPUT (NMAXLPJIEXT)

%% DEFINITION OF VARIABLES #%%

ACC ACCURACY DESIRED IN THE INDEPENDENT VARIABLE (PERCENT)
IDATE DATE MO./DAY/YEAR
1EXT EXTREMUM TYPE INDICATOR (MAXIMUM Ok MIN]MUM)

IFUNC THE PROBLEM DESCRIPTIUN IN ALPHAMERIC FORMAT
1 TYPE EXTREMUM TYRE (MAXIMUM OR MINIMUM) IN ALPHAMER]C FORMAT

JEFF NUMBER OF SOLUTIONS PLR PAGE

JEN MINIMUM NUMBER OF LINES REQUIRED
LP NUMBER OF SOLUTIONS REQUESTED
NAME NAME OF ORIGINATOR

NAT TEST VARIABLE

NMA X NUMBER OF [NDEPENDENT VARIABLES

NMAX 1 DEPENDENT VARIABLE POSITION IN THE ARRAY

NPAGE CURRENT PAGE NUMBER

NOPGS TOTAL NUMBER OF PAGES

NPROB NAME GIVEN TO THE PROBLEM

NCARDS NUMBER OF CARDS REQUIRED TO DESCRIBE THE PROolLEM
NSPACE SPACING VARIABLE

NSYM SYMBOL ATTACHED TO THE INDEPENDENT VARIABLE

X RANKED (RELATIVE EXTREMUMWI]ISE) INDEPENDENT VARIABLES
XIPT INDEPENDENT VARIABLE VALUE AT THE RELATIVE EXTREMUM
XMAX MAXIMUM VALUE OF THE INDEPENDENT VARIAGLE

XMIN MINIMUM VALUE OF Trt INDEPENDENT VARIJABLE

*%% PROGRAM ¥#¥%
DIMENSION XIPT(50)¢X(50450)

REWIND TAPEQ
NMAX 1 =NMAX+1
DO 1 JU=1+LP
READ TAPE 9+ (XIPT(1)e1=1sNMAX1)
DO 2 1=1+NMAXI
2 X(J«1)1=XIPT(I])
1 CONTINUE
CALL RANK(LP ¢X+NMAX1 +1EXT)
CALL CENTRE (NPROB ¢40+¢18BLK)

117 FORMAT(13Xs13+4Xe2HY=9E10e4)

118 FORMAT (42X +2HX (e [242H)=eE10+4+4Xe3A2)

119 FORMAT(1H )

124 FORMAT(9HIGREAT-MG54 14X ¢ 34H%*%¥% FUNCTION EXTREMUM ANALYSIS #¥%,8X.4H
IPAGE+13¢3H OF ¢ I3/1Xe14A1e5X140A1 9 SXs4HDATE ¢ 1 X o120 1H/01201H/012/736X
2¢7A1)

127 FORMAT(2X ¢ TOH® = —H o= mm KW e mef e e H e e b e o h e = et — e
R et T R el TS

128 FORMAT (28X ¢23H%#%* FUNCTION ANALYZED #*#)

130 FORMAT(/720X ¢ 39H*% [INDEPENDENT VARIABLE DESCRIPTJIONS *¥*%/9X 8HVAR]AB
ILE +6Xe6HSYMBOL s 6X ¢4 23H~=~=mom=—=— RANGE=—=======¢7X ¢ THPERCENT /1 1 X s 4HNA
S2ME 4 21X s THMINIMUM 4 7X ¢ THMAX I MUM ¢ 9X s SHERROR/ )

133 FORMAT( 10X e3A2¢7Xe2HX( e1201H) 16XeE10e64¢3XeE10e497XeF6e2)

134 FORMAT (28X +24H¥** RELATIVE EXTREMUMS ##/12Xe6HNUMBER+4X s 9QHDEPENDENT
1016Xs11HINDEPENDENT 04X s6HSYMBOL/23X 8HVARIABLE s 1 7Xe9HVARIABLES/)
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154 FORMAT (4Xs36A2)
153 FORMAT (/37X +6HNOTES,)
JEFF=51/NMAX1
JEN=LP/2
DO 7 1=1+.JEN
NAT=JEFF*]
IF(LP=NAT)94847
7 CONTINUE
9 NOPGS=(LP/JEFF)Y+3
GO TO 10
8 NOPGS=(LP/JEFF ) +2
10 NPAGE=1
PUNCH IZQQNPAGEONOPGSO(NAME(I)ol=lv14)'(NpROB(l)CISIQQO)O(NDATE(I)
1e¢1=21e3)e(ITYPE(I)el=1e7)
PUNCH 127
PUNCH 134
NB=0O
DO 3 JU=1¢LP
NB=NB+1
PUNCH 117e¢JeX(JsNMAX])
DO 4 [=1.NMAX
4 PUNCH 118el oX(Jal) e (NSYM(] oK) eK=]14¢3)
IF(JEFF-NB)346¢3
6 NPAGE=NPAGE+1
PUNCH 124 «NPAGE sNOPGS s (NAME(1)s1=1414)¢(NPROB(1)e¢121+40)0¢(NDATE(])
1¢1=1e3)e(1ITYPE(]I)el=147)
PUNCH 127
PUNCH 134
NB=0 '
3 CONTINUE
NPAGE=NPAGE+1
PUNCH l24oNpAGEoN0pGSO(NAME(l)0131014)'(NPR08(l)ol’lo“O)o(NDATh(l)
1e1=1e3)e(ITYPE(I)el=1le7)
PUNCH 127
PUNCH 128
NSPACE=( 10~-NCARDS)Y/2
NSPACF=10-NSPACE-NCARDS
IF(NSPACE)11412411
11 DO 13 I=1.NSPACE
13 PUNCH 119
12 DO 14 NC=1+NCARDS
14 PUNCH 1S4+ (IFUNC(NCel)el=1¢36)
IF(NSPACF) 15416415
15 DO 17 1=1«NSPACF
17 PUNCH 119
16 PUNCH 127
PUNCH 153
NPAGE=NPAGE+1
PUNCH 124 +NPAGE +NOPGS ¢ (NAME (1) ¢1=1414)¢ (NPROB(I)el=1¢40)¢ (NDATE(])
10121 e3)e(ITYPE(I)el=147)
PUNCH 127
PUNCH 130
DO 18 1=1+NMAX
18 PUNCH 133¢(NSYM(loeJ)eJd=1e3) el eXMIN(])¢XMAX(])eACC(1)
RETURN
END
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32
31
35

37

36
39

46
56

38
44
45

a7

SUBROUTINE CENTRE(IFIELD+LENGTHs IBLK)

DIMENSION IFIELD(80) +JFIELD(80)
NvL =0

NVR=0

DO 31 I=1.LENGTH
IF(IFIELD(I)~IBLK) 35432435
NVL =NVL+1

CONT INUVE

11=1

I=LENGTH

DO 36 K=1+LENGTH
IFCIFIELD(I))39¢37¢39
NVR=NVR+1

I=1-1

NVZ2= (NVL+NVR)/2
KK=LENGTH= (NVL=-NVR)
K=KK+NV2

DO 56 I=1+LENGTH
JFIELD(I)=0

NV2=NV2+1

DO 38 I=NVZ2.LENGTH
JFIELO(I)=IFIELDC(I1)
IF(]1=-LENGTH)38444 444
II=11+1

DO 45 I=1+.LENGTH
IFIELD(1)=0

DO 47 I=1+LENGTH
IFIELD(I)Y=UF IELD( 1)
RETURN

END
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11
12

10
18
19

21

24

23

22

20

25

27
26

SUBROUTINE RANK(LP ¢X+eNMAX1 o JEXT)
DIMENSION XX(50+¢50)¢X(50¢50)
LPP=LP-1

KP=1l

XX (KP+NMAX1)=X(1esNMAX])
IF(LP=1)3¢204¢3

DO 9 JU=1+LPP

IF(IEXT)Se645
IF(X(J+1eNMAX]1 ) =XX(KP¢NMAX]1)) 7709
IF(X(J+1eNMAX] ) =XX(KP¢NMAX1))9eT7e7
DO 8 1=1,NMAX]

XX{(KPeI)=X(J+10e])

LL=J+1

CONT INUE - )
lF(XX(KPoNMAXI)“X(loNMAXl))lOt{L‘lO
DO 12 I=1+NMAX]

XX(KPeI)=X(14e1l)

Li=1

IF(LPP~1)19418419
IF(LL~1)20¢19420

L1=LPP+1

IF(LL=L1)21422421

DO 23 K=LL «LPP

DO 24 1=]1+NMAX1

X(Kel)=X(K+141)

CONT INVE

LPP=LPP~-]

KP=KP+1

GO 70 3

KP=LP

DO 25 1=1.NMAX1

XX(KPes1)=X(14l)

DO 26 J=1.LP

DO 27 1=1+NMAX1

X(JeI)z=XX(Jel)

CONT INVE

RETURN

END
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