[NIAJSTA]

A

THSA LAUNCH WENTCLE OFTIMIZATION

iR rmmmr 11

LI I | LI n
seeseasvnnnnnnsssnasereosasfsencfeannnseaniag LTI

113480 VENRRARANRRONNBAZANRR T RN

llrllllllllllll|Illlllll.l].!llllllll!‘lllllIllll\l!l!:llll|||lllllllllll!lIllll
222222222222222222222220222222222222222222222222222222222222222222222222222221222
33333333333733332333333333033303332330022930239330333333339333323333333331333333
AAA04400440000004040 0000000000044 4404004404840 0 000000004404 4404000 044004400044
555955555555555555555055555 5SS SMNSSSsMS55555555555H555555555555555555555955585
L O T e O I O N LTIy
LR R R R R R R R R R R R RN R R R R R Rl AR AN R RN AR AR R R R RR2RR22E2222
' BOSIBOEIBIRIBI RN tsannasastadslssaananoaunsaaseaassusstnausesasatncItIssies
!l!ll‘lll'!!!!ll!lll|0!!!’!!!!S!9!!ll!!l!l!!llll!!l!!!l!li!!!!!!!1!!!I!!!!llll!!

123438 70 0MARM RRBUBANNNNIRONEHCHRNATENRR T RN

| ——

N66-15066

o
-3
S (ACCESSION NUMBER) (THRU)
| = -~ A P
| - ph p
| 8 )G /
= S
£ (PAGES . (CODE}
5 NP, ( V/ /
(3]
2 () LTI/ =
> (CATEGOAT)
| (NASA CR OR TMX OR AD NUMBER)
-— L} - -

GPO PRICE $

CFSTI PRICE(S) $

Hard copy (HC) / . m
Microfiche (MF) /-5

#6853 July 85

PHASE Il FINAL REPORT

Volume Il

Techniques Development

University of Michigan



T T T T T

T 4TS R $#T-a $ T T

LEAR SIEGLER PUBLICATION NO. GRR-65-1089-1II
to
Office of Launch Vehicle and Propulsion Program
NASA Headquarters '
Washington, D.C.

AUNCH

_lg EHICLE ‘
E PTIMIZATION

PHASE 1l FINAL REPORT

September 1965

Prepared by
Instrument Division
Under
Contract NASw-938

&)

LEAR SIEGLER, INC. INSTRUMENT DIVISION

4141 EASTERN AVENUE, S.E.
GRAND RAPIDS, MICHIGAN 49508



ABSTRACT

VOLUME III

TECHNIQUES DEVELOPMENT - UNIVERSITY OF MICHIGAN

This third part of a three-volume final report contains documen-
tation of a unique approach to the simulation of the behavior of
complex physical systems, performed as part of a Launch
Vehicle System Optimization (LVO) Program. This approach
has been adapted to a digital computer and is known as the
Performance Simulator. The methodology utilized within the
Simulator in solving the system problem is one which proceeds
from ''desired results'' through an analysis of an ''Element
Descriptor Library'' to form an algorithm which models system
performance in terms of known input parameters. The most
critical portion of the methodology is the compilation of the
""Element Descriptor Library'' which contains the physical laws
governing the behavior of the constituent elements of the system.
An ancillary program, Regression, which may be utilized in
developing the Library, is also documented in this volume.



FOREWORD

VOLUME III

TECHNIQUES DEVELOPMENT - UNIVERSITY OF MICHIGAN

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
® 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.
® 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.

® 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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FOREWORD

The Performance Simulator is a computer program designed
specifically for the purpose of constructing a wide variety of special
computer programs that have the ability to simulate or represent
the behavior of systems. The types of systems that may be so
treated are limited only by the availability of descriptors for the
components or elements of the system.

The creation of these descriptors is by no means a trivial task.
Indeed, the development of a logically complete and consistent set
of descriptors is the most difficult task facing the user of the
Performance Simulator Program.

However, it should be recognized that two groups of users exist.
In many cases, the two merge into a single personbut it is important
to identify both types: '

1. The Systems Analyst whose task it is toprocure, encode,
and test the descriptors for the system elements.

2. The Systems Synthesist whose task it is to configure
collections of elements to form systems and study the
behavior of these aggregations.

The following material is designed to serve as a self-contained
reference manual for both the Systems Analyst and Systems
Synthesist.
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INTRODUCTION

The 'Performance Simulator utilizes the capability of modern digital com-
puters to produce a program which will simulate the performance of a
system in machine translatable language.

The information that is required by the Performance Simulator consists
of the following:

a. Source Program.
b. Element Descriptor Library.

The Source Program describes the particular problem under consideration
to the Performance Simulator. The Element Descriptor Library describes
the physical laws or relationships for each element in the system to the Per-
formance Simulator.

This manual was written to delineate the rules for communicating with the
Performance Simulator and to provide a complete discussion of the logic
used by the Performance Simulator. The reader is assumed to be generally
familiar with Michigan Algerithmic Decoder (MAD) machine language.

The Performance Simulator Manual is intended to give enough detailed in-
formation so that a person can use the Performance Simulator effectively to
produce a system performance simulation. Some sections of this manual
may require careful thought to realize fully the capability offered by the Per-
formance Simulator.

The Performance Simulator is currently available on both the 704 and 7090
IBM computers. It could, however, be adapted to any digital computer. All
information will be conveyed to the Performance Simulator on 80-column
IBM cards.



SOURCE PROGRAM

The Performance Simulator is a digital computer program designed to
simulate a physical system in the form of a computer program in machine
translatable language. The information required by the Performance Simu-
lator includes the Source Program which consists of the following:

System Description
Input Parameters
Desired Results

" New Element Tape

poop

2.1 SYSTEM DESCRIPTION

A physical system consists of a collection of interconnected ele-
ments. In order to simulate such a system, it must be described to the
Performance Simulator in an unambiguous manner. This requires the com-
munication of the following information:

a. The elements that comprise the system.
b. The attachments associated with each of these elements.
¢. The interconnection of these attachments in the system.

2.1. 1 Elements

Each element in the system must be uniquely identified to the
Performance Simulator. This identification is implemented through use of
an Element Name and, if necessary, an Element Identifier.

2.1, 1.1 Element Names

Element Names are restricted to six or less alpha-numeric
characters. No restrictions are placed on the choice or ordering of these
characters, but it is most beneficial to choose the name so that it conveys
a close correspondence to the normal name. Once an element has been

given a name, all reference to this particular element must agree exactly
with the given name.

Examples of Element Names

Element Element Name
Resistor RES
Battery BATT
Amplifier AMPL




2.1.1.2 Element Identifiers

If a system has more than one element with the same name,
Element Identifiers must be used to avoid ambiguity. Element Identifiers
are restricted to six or less alpha-numeric characters. No restricitions
are placed on the choice or ordering of these characters.

Once an element has been identified in a system, all reference to this
particular element must contain both the Element Name and Element
Identifier. If a reference is made to an identified element by the Element
Name alone, the Performance Simulator interprets this as a reference to
all elements in the system with the same given name.

The Element Identifier follows the Element Name and is separated from
it by a comma.

Examples of Element Names With Element Identifiers

Element Element
Element Name Identifier EN. E.L
Resistor RES 131 RES, 131
Battery BATT Al BATT, Al
Amplifier AMPL 15 AMPL, 15

2.1. 2 Attachments

Each attachment associated with a particular element must
be uniquely identified to the Performance Simulator. This identification
is implemented through the use of an Attachment Name. Should the system
interconnections require that a particular attachment branch out to more
than one other attachment, each of these branches must also be uniquely
identified. This identification is implemented through the use of Attach-
ment Branch Identifiers.

2.1.2.1 Attachment Names

Attachment Names are restricted to six or less alpha-
numeric characters. No restrictions are placed on the choice or ordering
of these characters, but it is most beneficial to choose the name so that
it conveys a close correspondence to the normal name. Once an attachment
has been given a name, all reference to this particular attachment must

agree exactly with the given name.



The Attachment Name follows the Element Identifier in parentheses. U
the Element Identifier can be omitted, the Attachment Name follows the
Element Name in parentheses.

Examples of Attachment Names

Element Attachment
“Element Name Name
Resistor RES 1
Battery BATT POS
Amplifier AMPL PLATE

2.1,2,2 Attachment Branch Identifiers

If there is more than one branch from an attachment,
Attachment Branch Identifiers must be used to avoid ambiguity. Attach-
ment Branch Identifiers are restricted to six or less alpha-numeric
characters. No restrictions are placed on the choice or ordering of
these characters.

The Attachment Branch Identifier follows the Attachment Name and is
separated from it by a comma. The pair is enclosed in parentheses.

Examples of Attachment Names With Attachment Branch Identifiers

Attachment Aitachment Branch
Element Name Identifier (A.N.,A.B.1L.)
Resistor 1 Q 1,Q)
Battery POS D7 (POS, D7)
Amplifier PLATE 63 (PLATE, 63)

There are four cases that occur when defining an unambiguous attachment
branch in a system. The statement, which defines an unambiguous
attachment branch, is called an Attachment Branch Address.




Case 1, Element Identifiers and Attachment Branch Identifiers Required,
Attachment Branch Address

Element E.N, EI AN, A.B.I. E.N.,E.I. (A.N.,A.B.1.)

Resistor RES 131 1 Q RES, 131(1,Q)
Battery BATT Al POS D7 BATT,A1(POS, D7)
Amplifier AMPL 15 PILATE 63 AMPL, 15(PLATE, 63)

Case 2. Element Identifiers Not Required and Attachment Branch
Identifiers Required.

Attachment Branch Address

Element E.N. A.N. A.B.L E.N.(A.N.,A.B.L)
Resistor RES 1 Q RES(1,Q)
Battery BATT POS D17 BATT(POS,D7)
Amplifier AMPL PLATE 63 AMPL(PLATE, 63)

Case 3. Element Identifiers Required and Attachment Branch Identifiers

Required.
Attachment Branch Address
Element E.N. E.I. A.N. E.N.,E.I (A.N.)
Resistor RES 131 1 RES, 131(1)
Battery BATT Al POS BATT, A1(POS)
Amplifier AMPL 15 PLATE AMPL, 15(PLATE)

Case 4. Element Identifiers and Attachment Branch Identifiers Not

Required.
Attachment Branch Address
Element E.N. A. N, E.N, (A.N.)
Resistor RES 1 RES(1)
Battery BATT POS BATT (POS)
Amplifier AMPL PLATE AMPL(PLATE)

The four cases given above encompass all possible ways of defining an
unambiguous attachment branch in a system.

A-9



2.1.3 Connections

The interconnection of the element attachments in the system
describes the particular system configuration to the Performance Simu-
lator. These interconnections are conveyed to the Performance Simulator
through the use of Connection Statements, These Connection Statements
must be preceded by the declaration CONNECTIONS.

2.1.3.1 CONNECTIONS. Declaration (Abbreviation CN's)

The declaration CONNECTIONS, must precede the Connec-
tion Statements. The declaration CONNECTIONS., which is located in

columns 2 through 13, prepares the Performance Simulator to receive
the Connection Statements.

2.1.3.2 Connection Statements

A Connection Statement conveys to the Performance Simu-
lator an unambiguous interconnection of two attachments in a system. A
Connection Statement consists of two uniquely defined Attachment Branch
Addresses separated by the word TO which is set off by commas. Con-
nection Statements will be located one per card starting in column 5.

Examples Illustrating Connection Statements

Example 1.

RES, 2

The following Connection Statements convey the interconnections of the
above system to the Performance Simulator in an unambiguous manner.

Columns 194 b

CONNECTIONS.

ATT(POS), TO, RES, 1(1)
ES,1(2), TO, RES, 2(1)
ES, 2(2), TO, BATT (NEG)

A-10
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Example 2.

CAP

The following Connection Statements convey the interconnections of the
above system to the Performance Simulator in an unambiguous manner.

Column 112 15
CONNECTIONS.

BATT(POS), TO, RES, 1(1)
RES, 1(2,A), TO, CAP(1)
CAP(2), TO, RES, 3(1)

RES 1(2 B) TQ, RES, 2(1)
RES, 2(2,A), TO, RES, 3(2)
RES, 2(2,B), TO, BATT(NEG)

Example 3.
AIRFRM PLTYRP INTEG, ACC INTEG, VEL FLTCOM

—<—m) @<~

The following Connection Statements convey the interconnections of the
above system to the Performance Simulator in an unambiguous manner.

columns |2 ]
CONNECTIONS.
IRFRM(OUT), TO, PLTYRP(IN)
PLTYRP(OUT), TO, INTEG, ACC(IN)
NTEG, ACC(OUT), TO, INTEG, VEL(IN)
NTEG, VEL(OUT), TO, FLTCOM(IN)

2.2 PARAMETERS

Parameters are used to describe the characteristics or physical
relationships of elements that compose the system. Some examples of
parameters are: voltage, resistance, current, and power. Each para-
meter used in the system must be uniquely identified to the Performance

A-11



Simulator. This identification is implemented through use of Parameter
Names.

Parameter Names are restricted to six or less alpha-numeric characters.
The first character of the Parameter Name must be an alphabetic charac-
ter. No restrictions are placed on the choice or ordering of the remaining
characters but it is most beneficial to choose the name so that it conveys
a close correspondence to the normal name. Once a parameter has been
given a name, all reference to this particular parameter must agree ex-
actly with the given name.

2.2.1 Input Parameters

Input Parameters are the parameters which the user is willing
to specify in order to obtain some desired results. Input Parameters are
conveyed to the Performance Simulator through Input Parameter Statements,
which must be preceded by the declaration INPUT PARAMETERS. .

2.2.1.1 INPUT PARAMETERS. Declaration (Abbreviation IN's)

The declaration INPUT PARAMETERS. must precede the
Input Parameter Statements. The declaration INPUT PARAMETERS., which
is located in columns 2 through 18, prepares the Performance Simulator to
receive the Input Parameter Statements which follow it.

2.2.1.2 Input Parameter Statements

The Input Parameter Statements communicate the Input
Parameters to the Performance Simulator. All Input Parameters are
conveyed to the Performance Simulator at a uniquely defined attachment
branch which may or may not be identified.

Input Parameter Statements consist of a Parameter Name followed by an
Attachment Branch Address which is enclosed in parentheses. The Para-
meter Name must correspond exactly to the name assigned to this parti-
cular parameter in the Element Descriptor Library.

The Input Parameter Statements will be located starting in column 5.

Examples Illustrating Input Parameter Statements

A-12




Suppose the user wishes to declare the following parameters as Input
Parameters:

Voltage at the positive terminal of the battery.
Current in attachment branch labeled A of attachment 1 of
resistor 1.

In this case the following statements would be appropriate:

Columns l 1|2 | 5
INPUT PARAMETERS.
VOLTS(BATT(POS))
AMPS(RES, 1(1, A))

2.2.2 Desired Results

Desired Results are the parameters which the user wishes to
obtain as a function of the Input Parameters. Desired Results are con-
h {

Bh Ak B DS Bl A A A N i

o 1
AN 4
receded by the declaration DESIRED RESULTS, .

2.2.2.1 DESIRED RESULTS. Declaration (Abbreviation DS's)

The declaration DESIRED RESULTS. must precede the
Desired Result Statements. The declaration DESIRED RESULTS,, which
is located in columns 2 through 17, prepares the Performance Simulator
to receive the Desired Result Statements which follow it.

2.2.2.2 Desired Result Statements

The Desired Result Statements communicate the Desired
Results to the Performance Simulator. All Desired Results are conveyed
to the Performance Simulator at a uniquely defined attachment branch
which may or may not be identified.

Desired Result Statements consist of a Parameter Name followed by an
Attachment Branch Address which is enclosed in parentheses. The Para-
meter Name must correspond exactly to the name assigned to this particular
parameter in the Element Descriptor Library.

The Desired Result Statements will be located starting in column 5.

A-13



Examples Illustrating Desired Result Statements

Suppose the user wishes to declare the following parameters as Desired
Results:

Voltage at the negative terminal of the battery.
Current at the attachment branch labeled B of attachment 1 of

resistor 1.

In this case the following statements would be appropriate:

Columns 12 |5
DESIRED RESULTS.
VOLTS(BATT(NEG))
AMPS(RES, 1(1, B))

2.3 NEW ELEMENT TAPE (Abbreviation NW's)

The majority of the work done by the Performance Simulator is
in the production of the Generated Program, which is that portion of the
Complete Program that will yield the Desired Results in terms of the
Input Parameters. The function of the New Element Tape is to organize
this Generated Program into a Complete Program in machine translatable
language.

The declaration NEW ELEMENT TAPE, must precede the New Element
Tape. The declaration NEW ELEMENT TAPE., which is located in columns
2 through 18, prepares the Performance Simulator to receive the New Ele-
ment Tape. The statements and instructions in the New Element Tape

must be written in standard MAD format except for the special indicator
symbols. The meaning and use of these special indicator symbols (-),

(+), and ( @) are discussed in Section 2. 3. 4.
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The New Element Tape is divided into the following three sections:

a. Prologue
b. Epilogue
c. Calculations

2.3.1 Prologue

The Prologue section is assigned the task of initiating the
Generated Program into an acceptable program in machine translatable
language. Included in the Prologue section are such things as specifying
the input and output format, reading in and printing out the Input Para-
meter values, and printing of the Desired Results. The function of the
Prologue is to provide the Performance Simulator with the actual com-
puter language statements which perform these functions.

The Prologue section consists of all the statements following the declara-
tion NEW ELEMENT TAPE. up to and including the statement with the
third (-) symbol encountered in column one of the New Element Tape.

‘The Prologue section will precede the Generated Program in the Complete
Program which simulates the system.

2.3.2 Epilogue

The Epilogue section is assigned the task of terminating the
Generated Program into an acceptable program in machine translatable
language. Included in the Epilogue section are such things as testing the
computed results to determine if pre-assigned accuracy limits have been
obtained, and transferring the program back to the Prologue section or to
the Generated Program for further calculations. The function of the Epilogue
section is to provide the Performance Simulator with the actual computer
language statements which perform these functions.

The Epilogue section consists of all the statements immediately following
the statement with the third (-) symbol encountered in column one of the
New Element Tape up to and including the statement withthe first (+)
symbol encountered in column one. The final statement in the Epilogue
section must contain a (+) symbol in column one.

The Epilogue section will immediately follow the Generated Program in
the Complete Program which simulates the system.

2.3.3 Calculations

The Calculations section gives the user the ability to supplement
the capability of the Element Descriptions.

A-15



If for any reason a capability is difficult to implement into the Element
Descriptor Library, then the Calculations section can be used to supple-
ment the Element Descriptor Library with this capability. For example,
suppose the user wishes to calculate the total power dissipated in a system.
This would require a summation of the power dissipated in every element in
the system. It would be most difficult to implement this capability into

the Element Descriptor Library. In this case the Calculations section
could be easily used to supplement the Element Descriptor Library with
this capability.

The Calculations section must follow the Epilogue section in the New
Element Tape. The declaration CALCULATIONS. (Abbreviation CL's)
must precede the Calculations section. The declaration CALCULATIONS., ‘
which is located in columns 2 through 14, prepares the Performance ‘
Simulator to receive the Calculations section. The Calculations section

is divided into two parts. The first part contains all the statements following

the declaration CALCULATIONS. up to and including the statement with

(-) symbol in column one. The second part contains all the remaining

statements in the Calculations section. The last statement in the Cal-

culations section must contain the (+) symbol in column one.

2.3.4 Special Indicators

The statements in the New Element Tape are given in standard
MAD format except the symbols (-), (+), and ( @ ) which are used as
special indicators for the Performance Simulator.

2.3.4.1 The Meaning and Use of the (-) Symbol When Located in
Column One of the New Element Tape

There are four (-) symbols located in column one in the New
Element Tape. The first (-) symbol encountered in column one of the New
Element Tape indicates where the first part of the Calculations section
will be located in the Complete Program. The first part of the Calculations
section immediately follows the statement which contains the first (-)
symbol in column one.

The second (-) symbol encountered in column one indicates where the second
part of the Calculations section will be located in the Complete Program.
The second part of the Calculations section immediately follows the state-
ment which contains the second (-) symbol in column one.

The third (-) symbol encountered in column one of the New Element Tape
indicates where the Generated Program will be located in the Complete
Program. The Generated Program immediately follows the statement
which contains the third (-) symbol in column one.

A-16




The fourth (-) symbol is located in column one of the Calculations
section. This symbol identifies the first and second parts of the
Calculations section. The first part includes all the statements
following the declaration CALCULATIONS, through and including the
statement which contains the (-) symbol. The second part includes
all the remaining statements in the Calculations section. The final
statement in the Calculations section must contain a (+) symbol in
column one,

2.3.4.2 The Meaning and Use of the (+) Symbol When Located
in Column One Of The New Element Tape

There are two (+) symbols located in column one in
the New Element Tape. The first (+) symbol must appear in column
one of the last statement in the Epilogue section. The second (+)
symbol must appear in column one of the last statement in the Calcu-

lations section.

2.3.4.3 Meaning and Use of the (®) Symbol When Located in
The New Element Tape

When the @ symbol is encountered for the first time
in the New Element Tape, a list of MAD names which correspond to
the Input parameters is punched on cards and inserted at the place
where @ symbol was first encountered.

[

The second (® symbol encountered causes the same list to be punched
out again. This policy was adapted so that the Input Parameters could
be printed out immediately after they are read in for verification.

The third and final @ symbol encountered causes a list of the Desired

Results to be punched so that the results may be printed through the use
of a PRINT FORMAT MAD statement.
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Columns

Example of New Element Tape

12 12
NEW ELEMENT TAPE.

Prologue
Section

C COMPILE MAD, PRINT OBJECT, PUNCH OBJECT
DIMENSION VOLTS(50), TVOLTS(50), AMPS(50), TAMPS(50), F(13)
VECTOR VALUES FORM-$12C6*$
BOOLEAN FIRST, REPEAT
INTEGER TRYCNT, F,J,

START READ FORMAT FORM, F(1),..., F(12)

F(13)=$*$
F(0)=$1H ,$
READ FORMAT F(1),®

- PUNCH FORMAT F,®

RFIRST PART OF CALCULATIONS END HERE

TRYCNT=1
FIRST=1B
REPEAT=0B
TRANSFER TO BEGIN

BACK CONTINUE
WHENEVER TRYCNT. L. 50, AND, REPEAT
REPEAT=0B
FIRST=0B
TRYCNT=TRYCNT+1
TRANSFER TO BEGIN
END OF CONDITIONAL

- WHENEVER REPEAT, PRINT FORMAT FORM, $NO CONVERGENCE IN 50 TRYS$

RSECOND PART OF CALCULATIONS END HERE

PUNCH FORMAT F,®
TRANSFER TO START

- BEGIN CONTINUE

Epi‘logue Section

TRANSFER TO BACK
+ END OF PROGRAM

CALCULATIONS.

f

First
Part

Calculations l
Section

THROUGH SETLP, FOR J=0, 1,J. G. 50
AMPS(3)=0.
TAMPS(J)=0.
VOLTS(J)=0.
- SETLP TVOLTS(J)=0.

t
Second
Palt'rt

THROUGH RESET, FOR J=0,1,J.G. 50
TAMPS(J)= AMPS(J)
+RSET TVOLTS(J)=VOLTS(J)
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ELEMENT DESCRIPTOR LIBRARY

In order to simulate a physical system, the Performance Simulator
must have available infor mation concerning the physical laws or
relationships for each element in the system. This information is
contained in the Element Descriptor Library. The Element Descrip-
tor Library is composed of Element Descriptions. Each Element
Description describes the characteristics of a particular element to
the Performance Simulator.

3.1 ELEMENT DESCRIPTION

The information which defines the physical laws or relation-
ships of an element is communicated to the Performance Simulator by
an Element Description.

An Element Description consists of the following information which
must appear in the given order.

3.1.1 ELEMENT DESCRIPTION. Declaration (Abbreviation EL'N)

The declaration ELEMENT DESCRIPTION., is the first state-
ment in the Element Description. This declaration prepares the Per-
formance Simulator to receive the Element Description.

The declaration ELEMENT DESCRIPTION, will be located in columns 2
through 21.

3.1.2 NAME OF ELEMENT Assertion (Abbreviation NM'T)

The assertion NAME OF ELEMENT = followed by the
Element Name is the second statement in the Element Description.
Rules governing the choice of Element Names have been given previously.

The assertion NAME OF ELEMENT = should be located starting in
column 2.

Examples Illustrating Element Name Assertion

Columns |1|2
NAME OF ELEMENT = RES

NAME OF ELEMENT = BATT
NAME OF ELEMENT = AMPL
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3.1.3 ATTACHMENT NAMES Assertion (Abbreviation AT's)

v The assertion ATTACHMENT NAMES = followed by the
Attachment Names, which are separated by commas, is the third state-
ment in the Element Description. Rules governing the choice of the
Attachment Names have been given previously.

The assertion ATTACHMENT NAMES = should be located in columns 2
through 72. Continuation to additional cards is allowed. Continuation
cards should use columns 21 through 72.

Examples Illustrating Attachment Names Assertions

Columns  |1]2 21

ATTACHMENT NAMES = GRID, PLATE, CATH
ATTACHMENT NAMES = 1,2

ATTACHMENT NAMES = INPUT, OUTPUT

3.1.4 BROAD SCOPE PARAMETERS Assertion (Abbreviation BR's)

A Broad Scope Parameter is a parameter whose value is
the same at all attachment branches of an attachment. Some examples
of Broad Scope Parameters are: volts, pressure, and displacement.
Once a parameter has been declared Broad Scope in any Element Descrip-
tion, it must be declared Broad Scope in all Element Descriptions where
this parameter occurs.

A Narrow Scope Parameter is a parameter whose value is not necessarily
the same at all attachment branches of an attachment. Some examples
of Narrow Scope Parameters are: current, flow, and force.

The Performance Simulator assumes all parameters to be Narrow Scope
unless they are declared Broad Scope.

The assertion BROAD SCOPE PARAMETERS = followed by the Broad
Scope Parameters, which are separated by commas, is the fourth state-
ment in the Element Description. Rules governing the choice of the
Parameter Names have been given previously.

The assertion BROAD SCOPE PARAMETERS = should be located in
columns 2 through 72. Continuation to additional cards is allowed. Con-
tinuation cards should use columns 27 through 72.
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Examples Illustrating Broad Scope Parameter Assertion

Columns  |1[2 27
BROAD SCOPE PARAMETERS = VOLTS, OHMS
BROAD SCOPE PARAMETERS = PRES

3.1.5 Statement Collection

A Statement Collection communicates a specific physical
law or relationship of an element to the Performance Simulator. The
complete description of these physical laws or relationships for a
particular element may contain many Statement Collections. The order-
ing of these Statement Collections is arbitrary.

The Statement Collection consists of the following information which
must appear in the given order.

3.1.5.1 STATEMENT COLLECTION. Declaration (Abbreviation ST'N)

Statement Collection. This declaration prepares the
f.

to receive the Statement Collecti

altCInent L oi1eCciion.

The declaration STATEMENT COLLECTION, will be located in columns
2 through 22.

3.1.5.2 Capability Statement

The Capability Statement is the second statement in the
Statement Collection. The Capability Statement conveys to the Perfor-
mance Simulator what parameters are necessary in order to calculate
other parameters. All Capability Statements will be located starting
in column 5.

The Capability Statements add the following special words to the Perfor-
mance Simulator language:

a. THEN

b. ESTIMATE
c. COMPUTE
d. WITHOUT

THEN Capability Statement

The word THEN set off by commas separates and identifies the "If Known"
Parameters from the Calculable Parameters in the Capability Statement.
The "If Known'" Parameters are located to the left of the word THEN and
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the Calculable Parameters are located to the right. The "If Known"
Parameters of the Capability Statement are specified by a series of
parameters each followed by an Attachment Name in parentheses.
These "If Known" Parameters must be separated by commas. The
Calculable Parameters are specified by a series of parameters each
followed by an Attachment Name and if necessary an Attachment Branch
Identifier in parentheses. These Calculable Parameters must be separ-
ated by commas. The Attachment Branch Identifier is used if and only
if the Calculable Parameter is Narrow Scope. This Attachment Branch
Identifier in the Calculable Parameters implies the attachment branch
currently being considered.

Examples Illustrating THEN Capability Statement

Suppose the user wishes to implement into the Element Description for
an amplifier the capability of determining the output voltage of an am-
plifier if the input voltage and amplification factor are known. Also
assume VOLTS has been declared Broad Scope. In this case

Columns | 5
| VOLTS(INPUT), AMPLF, THEN, VOLTS(OUTPUT)

would be an appropriate Capability Statement, where AMPLF represents
amplification factor.

Suppose the user wishes to implement into the Element Description for

a resistor, whose Attachment Names are 1 and 2, the capability of de-
termining the current at attachment 1 when the voltages at attachments

1 and 2 and the resistance, which is specified at attachment 1, are known.
In this case

Columns | 5
| OHMS(1), VOLTS(1), VOLTS(2), THEN, AMPS(1, A)

would be the appropriate Capability Statement. Since AMPS is Narrow
Scope, the Attachment Branch Identifier A is used to imply the attach-
ment branch presently being considered.

ESTIMATE Capability Statement (Apbreviation ES'E)

Often physical systems are simulated most conveniently through iterative
techniques. That is, the program is so constructed that an initial estimate
is improved by repeated calculations, The ESTIMATE capability is useful
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only if there exists another independent method, in the Element Descrip-
tor Library, to calculate the desired parameter. The word ESTIMATE
followed by a comma and the parameter to be estimated conveys to the
Performance Simulator that the method of solution is an iteration tech-
nique.

Again an example would serve to illustrate the ESTIMATE capability.
Suppose the user wishes to convey to the Performance Simulator the
Capability of the iterative approach to the solution for the output voltage
of the amplifier. In this case

Columns l 5
IESTIMATE, VOLTS(OUTPUT)

would be an appropriate Capability Statement.

COMPUTE Capability Statement (Abbreviation CM'E)

Often it is useful to have a Capability Statement that requires no ""If Known"
Parameters to yield the Calculational Parameters. The word COMPUTE
followed by a comma which is followed by the Calculable Parameters gives
this capability to the user. For example, suppose the user wishes to con-
vey to the Performance Simulator the capability for determining the weight
of a resistor. Suppose the weight is associated with the attachment labeled
1. In this case ‘

Columns |5
ICOMPUTE, WEIGHT(1)

would be the appropriate Capability Statement. Following this Capability
Statement the user must either supply a method to calculate the weight or
transfer to an appropriate subroutine where this information is given.

A-23



WITHOUT Capability Statement (Abbreviation WT'T)

In order to allow a generic element name to be applied to a fairly wide
class of elements -- some of which may not have all of the attachments
possessed by others -- the WITHOUT statement is used. In this way,
only those statement collections which fit a given element will be used
in the simulation.

For example, suppose that the user wants to use the name HMOTOR
for hydraulic motors that have an attachment SHAFT. Some HMOTOR
elements may also have a power take-off attachment (PTO). Ifit
were not possible to indicate those descriptions which are valid on
HMOTOR elements that do not have PTO attachments, two separate
elements would be required. To indicate this situation one writes in
this case

Columns | 5

PRESS (INLET), WITHOUT (PTO), THEN, TORQUE (SHAFT)

3.1.5.3 Calculational Statements

Immediately following each Capability Statement the user
must supply the program statements which will yield the Calculable
Parameters given the "If Known'' Parameters listed in the Capability
Statement. These statements must be written in Michigan Algorithmic
Decoder language (MAD language), except as modified by the @ and
symbols which convey special meaning to the Performance Simulator.
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Meaning and Use of the Symbol @

The @ symbol is used in general to delimit the parameter, Attachment
Name, and/or Attachment Branch Identifier for which the Performance
Simulator must generate a unique system variable name of six or less
alphanumeric characters.

The @ symbol implies different procedures depending upon the preceding
Capability Statement. There are three special cases.

Case 1.

If a particular Attachment Name is located only on the left side of the
word THEN in the Capability Statement, the statement ® Para. (A.N.,I) ®
in the calculational statements implies a summation of the parameter
values over all branches of the attachment. The Attachment Branch
Identifier (I) following the Attachment Name has no significance in itself.
Other letters may be used if desired.

Case 2.

The statement () Para. (A.N.) @ in the calculational statements implies
the substitution of the parameter value in the attachment branch pre-
sently being considered.

Case 3.

If a particular Attachment Name is located on both sides of the word
THEN in the Capability Statement, the statement @ Para. (A.N.,I)®
implies a summation of the parameter values over all branches of the
attachment except the attachment branch presently being considered.

General Example

° ®
L ] L
[ ] L

ELEMENT — OQUTPUT
..
[
[ ] L 2
[ ] [ ]
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Suppose the user wishes to indicate the capability and calculational pro-
cedure to compute the AMPS in the attachment branch presently being
considered at the INPUT attachment if the AMPS of all remaining attach-
ment branches at both the INPUT and OUTPUT attachments are known.

In this case the following Statement Collection would be appropriate.

Columns 2 15 12
STA?_EMENT COLLECTION.
__1_\.MPS(INPUT) , AMPS(OUTPUT), THEN, AMPS(INPUT, A)

Capability}

Statement J N7\ | 7T 7T T = 0.

Calculational g_:(;r + @ AMPS(OUTPUT,A) ®

Statements S =S + ®AMPS(INPUT, I) ®
| | ®AMPSINPUT) @=T - §

Since the attachment OUTPUT is located only on the left side of the word
THEN in the Capability Statement, the statement 3 AMPS(OUTPUT, A) ®
implies a summation of AMPS in each attachment branch of the OUTPUT
attachment., Therefore the following statements:

T = 0.
T=T+®AMPS(OUTPUT,A)®
sum the AMPS for all of the OUTPUT attachment branches. The letter A

carries no meaning in itself. Any six or less alphanumeric character word
could have been used.

Since the attachment INPUT is located on both sides of the word THEN in
the Capability Statement,®AMPS(INPUT,I) ® implies a summation of AMPS
in each attachment branch of the INPUT attachment except the attachment
branch presently being considered. Therefore the following statements:

S=0.

S =S + ®AMPS(INPUT,I) ®
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sum the AMPS at all the INPUT attachments except for the AMPS in the
attachment branch presently being considered. Again the letter I carries
no meaning in itself.

The statement AMPS(INPUT) @ implies the value of AMPS in the attach-
ment branch presently being considered.

The final statement in the Statement Collection indicates that the value of
AMPS in the attachment branch presently being considered at the INPUT
attachment equals the difference between the summation of the AMPS over
all attachment branches at the OUTPUT attachment and the summation of
the AMPS over all attachment branches at the INPUT attachment except the
attachment branch presently being considered.

Particular Example

WA
o o o 4;1 @ ELEMENT [ QUTPU
\/

Consider how the following Statement Collection, which was used in the
general example above, would be used to compute AMPS at Attachment
Branch Identifier 2 of the INPUT attachment.
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Columns 2 b 12
STATEMENT [COLLECTION.
Capability} ZFZZJAMPS(INPUT), AMPS(OUTPUT), THEN, AMPS(INPUT, A)
Statement CT T T T T T =0.
T=T+®AMPS(OUTPUT,A)®
Calculational S =0.
Statements S =S + ®AMPS(INPUT,I) ®
P4 W @AMPS(INPUT) ®=T - S

The form of the calculational statements that would be generated by the
Performance Simulator for the particular problem under consideration is

as follows:
T =0.
T = T +AMPS(OUTPUT, 1)
T=T +AMPS(OUTPUT, 2)
S =0.
S =S +AMPS(INPUT, 1)
S = S +AMPS(INPUT, 3)

AMPS(INPUT,2) =T - S
The final statement indicates that

AMPS(INPUT, 2) = AMPS(OUTPUT, 1) + AMPS(OUTPUT, 2) - (AMPS(INPUT, 1) - AMPS(INPUT, 3))

Meaning and Use Of The(® Symbol

The (® symbol is used to delimit Function Substitutions and Floating State-
ment Labels.
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The (O symbol is used to delimit the statements which are to be modified by
Function Substitution Statements. The statement which is enclosed by ()
symbols will be modified when the Generated Program is formulated. The
reader is referred to Section 4.1 for complete discussion of the (O symbol
in conjunction with Function Substitution Statements.

The Floating Statement Label allows the use of Statement Labels in Statement
Collections. Since an element may appear any number of times in a system,
the same Statement Collections might therefore occur any number of times
in a program, which simulates the system. To avoid ambiguity, the user
must not use fixed Statement Labels within a Statement Collection.

Floating Statement Labels allow the Performance Simulator to generate
unique Statement Labels and thus eliminate any ambiguity in labels.

The user wishing to use a Floating Statement Label writes:
O *XXXXXX(©®

here the X's represents any six or less alphanumerlc character Statement
1 which the user may care to use in his Statement Collection. The

MARTY
vy rrvaala~
" Stateunuut 1abCl IS uu.tl.atcd vy the ) S_y uLUUL LUJ.J.UWCU U_y LWU dbu:l'

isks (*) and is closed by the (O . The Performance Simulator will generate
a unique Statement Label and replace the entire Floating Statement Label by
this unique label. Should the Statement Collection appear again in the pro-
gram, another unique Statement Label would be generated and substituted
for the Floating Statement Label.

3.1.5.4 End of Statement Collection Declarations

Each Statement Collection is terminated by another STATE-
MENT COLLECTION, declaration or by the DESCRIPTION FINISHED,
declaration. These declarations convey the end of the Statement Collection
to the Performance Simulator.

3.1.6 DESCRIPTION FINISHED, Declaration (Abbreviation DS'D)

The final statement in an Element Description must be the
declaration DESCRIPTION FINISHED,. The declaration DESCRIPTION
FINISHED, , which is located in columns 2 through 22, conveys the end of
the Element Description to the Performance Simulator.
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UTILITY DECLARATIONS

Utility declarations are additional features which are not necessarily
essential to the Performance Simulator. These features allow the Per-
formance Simulator to produce better programs in some cases and to
produce programs more easily in others.

4.1 FUNCTION SUBSTITUTIONS (Abbreviation FN's)

Function Substitutions allows modification of any six or less
alphanumeric word which is enclosed by the (9 symbols at the time the
Generated Program is formulated. This modification is implemented
by Function Substitution Statements which must be preceded by the
declaration FUNCTION SUBSTITUTIONS.

4.1.1 FUNCTION SUBSTITUTIONS, Declaration

The declaration FUNCTION SUBSTITUTIONS, must precede
the Function Substitution Statements. The declaration FUNCTION SUB-
STITUTIONS., which is located in columns 2 through 23, prepares the
Performance Simulator to receive the Function Substitution Statements.

4.1.2 Function Substitution Statements

The Function Substitution Statements convey the modifications
that are to be made and the scope of these modifications to the Performance
Simulator. Any six or less alpha-numeric character word may be substi-
tuted for any other word which is enclosed in (® symbols.

The form of the Function Substitution Statements is defined as follows:

Let OLDWRD represent any general six or less alphanumeric word
which is enclosed by the (& symbols.

Let NUWORD represent any general six or less alpha-numeric word
which is to be substituted where the (© symbols occur.

The the allowable Function Substitution Statements are:

NUWORD, OLDWRD(E. N. , E. I)
NUWORD, OLDWRD(E. N. )

NUWORD, OLDWRD
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The effect of these statements is to replace OLDWRD, when set off by
the © symbols, by NUWORD.

The scope of the substitution is controlled as follows:

a. The Function Substitution Statement NUWORD, OLDWRD(E. N, ,E. 1)
implies that a substitution will take place only for the element
with the particular Element Name and Identifier.

b. The Function Substitution Statement NUWORD, OLDWRD(E. N.)
implies that a substitution will take place for all the elements
with the given Element Name.

c. ‘The Function Substitution Statement NUWORD, OLDWRD implies
a substitution will occur for any occurrance of OLDWRD which is

set off by (® symbols.

If the Function Substitution Statement is not given, the original OLDWRD
enclosed in © symbols will be used.

The best way to illustrate the use of (-) symbol in conjunction with Function
Substitution is by way of an example. Suppose the user wishes to represent
the resistance of a resistor as a function of temperature. Also, assume

+tn tamnao

each resistor has a different functional relationship with respect to tempera-

Aar A Usiarvie

ture and, for example purposes assume there are three resistors in the
system.

Consider a particular Statement Collection in the Element Description of
a resistor, and see how this capability could be introduced.

Columns 2 5 12

STATEMENT| COLLECTION.

IOHMS(1),[VOLTS(1), AMPS(2), THEN, VOLTS(2)

T =0,

T=T+@®AMPS(2,A)®

® OHMS(1)® = © OHMS(1) © . (TEMP)

® VOLTS(2) ® =@ VOLTS(1) ® -(T+ ® AMPS(2) ® )* ® OHMS(1) ®

The statement @OHMS(1) @ = @ OHMS(1) © . (TEMP) instructs the
Performance Simulator to go to the Function Substitution Statements

and find the name of the subroutine that will be used to calculate the
value of the resistance which is a function of temperature.
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Consider the Functional Substitution Statements needed to complete this
capability.

Columns 1/2 5
FUNCTIONS SUBSTITUTION.
SUBRT1, OHMS(RES, 1)
SUBRT2, OHMS(RES, 2)
UBRT3, OHMS(RES, 3)

SUBRTI1, SUBRT2, and SUBRTS are the names of the subroutines which must
be given to express resistance as a function of temperature for each particular
resistor in the system.

4,2 EQUIVALENCE (Abbreviation EQ'E)

Often it is desirable to know the exact name that will be assigned by
the Performance Simulator to a parameter at a specific point in a system. For
example, suppose the user wishes to instruct the Performance Simulator to
print out the Desired Results for verification. In this case all the Desired
Results would be made equivalent to known names. The user would then instruct
the Performance Simulator to print out the known names. This Equivalence
capability is implemented by Equivalence Statements which are preceded by the
declaration EQUIVALENCE.

4,2.1 EQUIVALENCE. Declaration

The declaration EQUIVALENCE. must precede the Equivalence
Statements. The declaration EQUIVALENCE., which is located in columns
2 through 13, prepares the Performance Simulator to receive the Equivalence
Statements.

4,2.2 Equivalence Statements

Equivalence Statements conveys the specific equivalence to the
Performance Simulator.
A general Equivalence Statement has the following form:

Equivalence Name = Parameter(Attachment Branch Address)

The Equivalence Name must be six or less alpha-numeric characters, No
restrictions are placed on the choice or ordering of these characters.
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A specific example might be:

Columns ll 2 l 5
| EQUrVALENCE.
PWR = POWER (RES, 1(1,A))

The above statement equates PWR to the name given by the Performance
Simulator to the parameter POWER at the particular attachment branch
in the system given by the Attachment Branch Address RES, 1(1, A).

4,3 DIAGNOSTIC AIDS

To assist the user in obtaining successful simulator runs,
several diagnostic aids are available.

4,3.1  CHECKOUT, (Abbreviation CH'T) and CHECKRUN.
(Abbreviation CH'N). Declarations

The declarations CHECKOUT and CHECKRUN are equivalent
in that each activates the same set of diagnostic printing during a
performance simulator run. The two forms are available in order to
allow the user to employ whichever form occurs more naturally to
him.
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PERFORMANCE SIMULATOR LOGIC

The logic used by the Performance Simulator in the generation of a
program, which will simulate the system, is the reverse of the usual
logic used by humans. The usual human approach is a search that
proceeds from the given information to the requested results. This
approach could be used by the Performance Simulator but because of
storage limitations is impractical. The storage difficulty arises
because the Performance Simulator has no way of knowing when a
method is necessary to the program which will yield the requested
results. The Performance Simulator would be forced to enumerate
every method available from the given information to the requested
results. If the problem is well posed, this logic will eventually yield
a program that will simulate the system. However, this logic con-
stitutes an exhaustive search with only a small fraction of the enumerated
methods used in the program, which will yield the requested results in
terms of the given information.

In order to eliminate this exhaustive search, the logic used by the
Performance Simulator proceeds from the requested results to the

given information. In this way every step generated is necessarily
essential to the program except when the Performance Simulator gets

to a point where the program cannot be extended to yield the requested
results. When this occurs, the Performance Simulator will regress

to a point where a choice was made in the method used and will make

a different choice and again try to produce a program that will yield

the requested results. This logic minimizes the number of unnecessary
steps.

The program generated by this logic is backward in that the first
Statement Collection specified is the last one needed and so on through-
out all the Statement Collections.
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5.1

DISCUSSION OF PERFORMANCE SIMULATOR LOGIC

The following is a step by step detailed discussion of the Performance

Simulator Logic.

Step 1.

Step 2.

2A.

Step 3.

3A.

3B.

Step 4.

4A.

4B.

4C.

The Performance Simulator will first search each attachment branch
in the system for parameters which have been requested by the
Desired Result Statements, (If no requested Desired Results can

be found, the problem is trivial.)

Whenever an attachment branch is found where there are requested
parameters, steps must be taken to satisfy these requests,

‘The requested parameters may all be Input Parameters. (If

this is true, the program is complete.)

Whenever a requested parameter is found which is not an Input
Parameter, steps must be taken to satisfy these requests.

The Performance Simulator will collect all the Statement Collections
that are pertinent to obtain the requested parameter in the Element
Descriptor Library for the two elements that occur at the attach-
ment branch where the results are requested.

The Performance Simulator will check each pertinent Statement

Collection to determine its effectiveness. The effectiveness factor
is based upon the number of requested parameters which are not
Input Parameters.

A requested parameter will be eliminated if there exist a state-
ment Collection, which will yield the requested parameter, in
the Element Descriptor Library.

If one or more Statement Collections are available, the Performance
Simulator will choose one based upon its effectiveness and will
indicate the number of choices available. The chosen Statement
Collection will generally make a request for new requested para-
meters. The Performance Simulator logic will then transfer back
to Step 2 and continue.

If the Element Descriptor Library does not contain a Statement
Collection which will yield the requested parameter, the program
is "'non-extendable'', When this occurs, the Performance Simulator
will check to determine if any previous choices were made.

There may have been no previous choices., (In this case the
problem is not well posed.)
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4D. There may have been one or more previous choices. In this
case the Performance Simulator will regress to the first pre-
vious step where a choice was made, and will choose a different
Statement Collection. This Statement Collection will generally
make a request for new requested parameters., The Performance
Simulator Logic will then transfer back to Step 2 and continue.

Step 5.  The above search is repeated until Step 2A is satisfied, or until
the problem is shown to be not well posed, or until the requested
parameters have been requested twice. If the requested results
have been requested twice and if the program generated is not
trivial, the Performance Simulator will choose the Statement
Collections with the estimate capability to produce an iterative
program which will simulate the system.

The following Performance Simulator Logic Diagram (Figure A-1) illustrates

the logic which is used by the Performance Simulator in formulating the
Generated Program.
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PERFORMANCE SIMULATOR SYSTEM DIAGRAMMING

In order to diagram a system in a manner which is easily associated
with the logic of the simulator, the following conventions will be
used:

a. An Attachment is any unique, specified point of an element
where Input Parameters, Desired Results, and/or Con-
nections are specified. When forming the system diagram,
attachments are denoted by the symbolo .

b. When an attachment has more than one attachment branch,
Attachment Branch Identifiers must be used. When form-
ing the system diagram, Attachment Branch Identifiers are
enclosed by the symbol there the apex is oriented away
from the identified attachment branch.

¢c. The symbol <> is used to show the connection of one attach-
ment to another. The symbol > is associated with storage
location in the computer. This storage location contains all
the parameters of the two attachments which are connected
by the <> symbol. To avoid ambiguity, no two attachments,
which specify the same parameters, can be connected.

Examples Illustrating the Above Symbols

Suppose one wants to form the System Diagram for the following net-
work using the above symbols.

RES, |

BATT — RES, 2 RES, 3 RES, 4
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In this case the following System Diagrams would be appropriate.

DIAGRAM 1

RES, 3

RES, 4

NOTE: There usually exists more than one satisfactory system diagram
for any given system.
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7 COMPLETE EXAMPLE

To illustrate the technique used by the Performance Simulator a simple
example is completely solved using the Performance Simulator logic.
The example is intended to illustrate the following:

; a. What information is required by the Performance Simulator.
b. How this information is presented to the Performance Simulator.

c.’ The logic used by the Performance Simulator in generating the
Complete Program that can be used to simulate the system.

The example, which in no way measures the capability offered by the
Performance Simulator, was chosen to be simple so that the rules and
logic associated with the Performance Simulator are not hidden by com-
plexity. The reader is assumed to be a person who is generally familiar

with the Performance Simulator rules and logic which are given previously.

7.1 PROBLEM CONSIDERED

Suppose the user wishes to use the Performance Simulator to produce a
computer program for determining the current at attachment 1 of resistor
2 in the above circuit when given the following Input Parameters: :

VOLTS(BATT(NEG)) The specified reference voltage at the
negative terminal of the battery
OCV(BATT(NEG)) The open circuit voltage of the battery
OHMS(BATT(NEG)) The internal resistance of the battery
OHMS(RES, 1(1)) The resistance of resistor 1
OHMS(RES, 2(1)) The resistance of resistor 2
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7.2 SOURCE PROGRAM

The user's first task is to supply a Source Program to the Performance
Simulator. The Source Program consists of the following information:

» a. System Description (Connection Statements)
| b. Input Parameters
L c. Desired Results

d. New Element Tape

The rules for presenting the above information have been given previously.

CONNECTIONS.
BATT(POS)+TOWRES1(1)
RES«1(2)+sTOWRESe2(1)
RES«2(2)+TO«BATT(NEG)

INPUT PARAMETERS.
VOLTS(BATT(NEG)?
OCV(BATT(NEG))
OHMS(BATT(NEG) )
OHMS(RESs1(1))
OHMStRES .21 1))

DESIRED RESULTSe
AMPS(RES2(1))

NEW ELEMENT TAPE,
* COMPILE MAD PRINT OBJECTPUNCH OBJECT
DIMENSION VOLTS(S0) +TVOLTS(S0) sAMPS(50) ¢ TAMPS (50) +F (13)
VECTOR VALUES FORMz$12C6*$
BOOLEAN FIRSTREPEAT
INTEGER TRYCNTFeJ
START READ FORMAT FORMsF(1)eeessF(12)
F(13)=z8%s
F{(O)=8%1H +%
READ FORMAT F(1)+8
- PUNCH FORMAT F.@
RFIRST PART OF CALCULATIONS END HERE
TRYCNT=1
FIRST=18B
REPEAT=0B
TRANSFER TO BEGIN
BACK CONT INUE
WHENEVER TRYCNTeL «50sANDeREPEAT
REPEAT=08
FIRST=0B
TRYCNT=TRYCNT+]
TRANSFER TO BEGIN
: END OF CONDITIONAL
- WHENEVER REPEAT.PRINT FORMAT FORM:$NO CONVERGENCE IN 50 TRYSS
RSECOND PART OF CALCULATIONS END HERE
PUNCH FORMAT F.®
TRANSFER TO START
-BEGIN CONTINUE
TRANSFER TO BACK
+ END OF PROGRAM
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CALCULATIONS,

THROUGH SETLP.FOR Jz0sl1JeGe50
AMPS (J)=0.
TAMPS(J)=0e
VOLTS(J)=0e

~SETLP TVOLTS(J)=0e
THROUGH RESET«FOR J30s1¢JeGeS0
TAMPS(U)=zAMPS (J)

+RSET TVOLTS(J)=VvOLTS(J)

7.3 ELEMENT DESCRIPTOR LIBRARY

The Element Descriptor Library communicates the information
concerning the physical laws or relationships for each element in the system
to the Performance Simulator. The rules for presenting the above infor-
mation have been given previously.

o
ELEMENT DESCRIPTION,. 0001D
() NAME OF ELEMENT = RES 0001IN
ATTACHMENT NAMES = 142 0001A
BROAD SCOPE PARAMETERS = VOLTS(OHMS coo1B
® STATEMENT COLLECTION, 0001C00!
AMPS(2) s AMPS (1)« THENAMPS (1 ,4A) 0001C0O01
T=0. 0001C001
@ T=T+@AMPS (A @ 0001CO01
S0, 0001€001
STS+OAMPS(24A)@ 0001C001
o OAMPS(1)@sS5-T 0001C001
STATEMENT COLLECTION, 0001C002
AMPS(1)sAMPS(2) + THENAMPS(244) 0001C002
® T=0, 0001C002
T=T+BAMPS(2.A)6 0001C002
S=0, 0001€002
[ ] SES+OAMPS(1.A)8 0001C002
BAMPS(2)@2S~T 0001C002
STATEMENT COLLECTION. 0001€003
@ OHMS (1) ¢AMPS(1)+VOLTS(1)+VOLTS(2) s THEN.AMPS(1,4) 0001C003
T=0, 0001C003
TeT+OAMPS (14410 0001€003
® GAMPS(1)0z(OVOLTS(1)8-8VOLTS(2)89)/60HMS (1) 8-T 0001C003
STATEMENT COLLECTION, 0001€004
OHMS (1) s AMPS(2) s VOLTS(2) ¢« VOLTS (1) ¢ THEN,AMPS(2,4) 0001C004
T=0, 0001C004
T=T+OAMPS(2.A) @ 0001C004
GAMPS(2)0x(8VOLTS(1)0-8VOLTS(2)8)/80HMS(1)8-T 0001C004
@ STATEMENT COLLECTION. 0001C005
OHMS (1) sAMPS (1) eVOLTS(1) ¢ THENJVOLTS(2) 0001C00S
T=0, 0001€00S
o TaT+B8AMPS(1.A)@ 0001C005
SVOLTS(2)@z0VDLTS(118-T*QOHMS (1) 6 0001C005
STATEMENT COLLECTION. 0001C006
o OHMS (1) sAMPS(2) ¢ VOLTS(2) ¢ THEN'VOLTS( 1) 0001C006
Te0, 0001C006
T=T+0AMPS(2.A)8 0001C006
o BVOLTS(1)920VOLTS(2)0~THQOHMS (1)@ 0001C006
STATEMENT COLLECTION. 0001C007
OHMS (1) eVOLTS(1)¢AMPS(2) s THEN,VOLTS(2) 0001C007
o T=0, 0001C007
TaT+OAMPS(24A)0 0001C007
QVOLTS(2)0=0VOLTS (1)@~ (T+8AMPS(2)0) #@O0HMS (1)@ ooo1Co0?
® STATEMENT COLLECTION, 0001C008
OHMS(1)+VOLTS(2) +AMPS (1) + THENJVOLTS( 1) 0001C008
T=0, 0001C008
o TxT+0AMPS (1418 oopi1coo8
OVOLTS(1)820VOLTS(2)10~(T+9AMPS (1)@ ) *@0HMS (1)@ 0001C008
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STATEMENT COLLECTION. 0001C009

ESTIMATE AMPS(1) 0001C009

WHENEVER FIRST 0001C009

REPEAT=18 0001C009

GAMPS(1)0=0TAMPS (19 0001€C009

OTHERWISE 0001C009

OAMPS(1)8=1TTR. (QAMPS (1) +OGAMPS(1)8.REPEAT) 0001C009

END OF CONDITIONAL 0001C009

§GAMPS(1)0=0AMPS (119 0001C009

STATEMENT COLLECTION. ooo01Co10

ESTIMATE AMPS(2) 0001C010

WHENEVER FIRST 0001C0O10

REPEAT=1B ooo1Cc010

SAMPS(2)10=20TAMPS(2)9 0001CO10

OTHERWI SE 0001C0O10

BAMPS (2)10=1TTRe (OAMPS(2) § +8GAMPS (2 )8 +REPEAT) 0001CO10

END OF CONDITIONAL o00:1cCo10

OGAMPS(2)8=0AMPS (2)8 0001C010

STATEMENT COLLECTION. 0001C0O11

ESTIMATE VOLTS(2) ooo1Co1l1

WHENEVER FIRST 0001CO11

REPEAT=18 0001CO11

QVOLTS(2)8=@TVOLTS(2)8 0001C0o11

OTHERW!SE 0001C011

BVOLTS(2)18=1TTRA(BVOLTS(218.8GV0I TRI218 . DEDEAT) nanizay

END OF CONDIT!ONAL ono01Co1L

BCVOLTS(212=8VOLTS(2} @ s00icCo11

STATEMENT COLLECTION. ooo1cCol12

ESTIMATE VOLTS(1) oo01co12

WHENEVER FIRST gooi1cotle

REPEAT=18 [alofsh Eodod B}

6VOLTS(1)9=0TVOLTS(119 ooo1co12

OTHERW I SE 0001C0t2

OVOLTS(1)8=1TTR(OVOLTS(1)08+9GVOLTS(1)8+REPEAT) 0001Co012

END OF CONDITIONAL 0001C012

OGVOLTS(1)9=9VOLTS(1) @ ooo1Cco12
DESCRIPTION FINISHED. 0001F
ELEMENT DESCRIPTIONs 0002D
NAME OF ELEMENT = BATT Q002N
ATTACHMENT NAMES = NEG.POS 0002A
BROAD SCOPE PARAMETERS = VOLTS+OHMS 00028

STATEMENT COLLECTION. 0002C001

AMPS(NEG) » THEN s AMPS (POS) 0002C001

T=0, 0002C001

T=T+OAMPS(NEG.+A) & ’ 0002C001

SAMPS(POS)@=T ’ 0002C001

STATEMENT COLLECTION. 0002C002

AMPS(POS) + THEN 4 AMPS (NEG) . ocoo02co002

T=0, 0002C002

T=T+0AMPS (POS.+A) @ 0002C002

GAMPS(NEG)®=T . 0002C002

STATEMENT COLLECTION. 0002C003

AMPS (NEG) ¢+ VOLTS(NEG) yOCV(NEG) s OHMS (NEG) « THEN+ VOL TS ( POS ) 0002C003

BVOLTS(POS)@=8VOLTSINEG)8+80CV(NEG)B-0AMPS (NEG) §%#BO0HMS (NEG)® 0002C003

STATEMENT COLLECTION. 0002C004

AMPS (NEG) + VOLTS(POS) yOCV(NEG) + OHMS(NEG) « THEN+ VOL TS (NEG) 0002C004

BVOLTS(NEG)®x6VOLTS(POS) 8-80CV (NEG)®+0AMPS (NEG) @* 9OHMS (NEG)@® 0002C004

STATEMENT COLLECTION. 0002C008

AMPS (NEG) « VOLTS(NEG) « VOLTS(POS ) « THEN .POWER (NEG) 0002C005

BPOWER(NEG)®=(BVOLTS(NEG)®-@VOLTS(POS) ®) #@AMPS(NEG)® 0002C005
DESCRIPTION FINISHED. 0002F
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7.4 GENERATED PROGRAM

The information given in the Source Program and Element Descriptor
Library is sufficient for the Performance Simulator to formulate the Generated
Program. By using the logic, which was discussed previously, the Performance
Simulator will produce the following Generated Program:

This Generated Program is backward, in that, the first Statement Collection
specified is the last one needed and so on throughout all Statement Collections.
The Performance Simulator reverses this Generated Program when the Com-
plete Program is formed.

The <> symbol is used to represent a connection in a system. The number

which is located inside the <> symbol is associated with a particular connection
in the system.

The numbers which are located at the right hand side of each statement in the
Generated Program indicate the particular Statement Collection which was
chosen by the Performance Simulator.

Generated Program

o
o T=0, 0001C003
AMPS @ =(VOLTS @ -VOLTS (P 1/0HMS @ -T 0001C003
@ T=0, 0001€007
vOLTS @ =vOLTS D ~(T+aMPS &) y*0HMS (D 0001€007
® voLTs (D =voLTs Q) +ocv & -amps P xonms O 0002C003
T=0, 0002C002
o TaT+aMPS 0002€002
amMPs & =T 0002€002
® 720, 0001C001
S=0e 0001C001
s=S+aMPs @ 0001C001
) aMPS () =S=T 0001C001
WHENEVER FIRST 0o0o1co10
® REPEAT=18 0001€010
aMPs @ =TamPs @ 0001C010
OTHERWISE 0001C010
o AMPS @) = 1TTR. (AMPS @ +GAMPS @ +REPEAT) 0001C010
END OF CONDITIONAL 0001co10
GaAMPS @ =aMPS & 0001C010
®
o
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7.5

COMPLETE PROGRAM

The Complete Program is a computer program in machine trans-

latable language that can be used to give numerical values of the Desired
Results when the values of the Input Parameters are given. The Complete
Program consists of the Generated Program and the New Element Tape. The
Performance Simulator will reverse the Generated Program and insert it
between the Prologue and Epilogue sections of the New Element Tape.

START

SETLP

BACK

RSET

BEGIN

Complete Program

COMPILE MADPRINT OBUECT «PUNCH OBJECT
DIMENSION VOLTS(S0)+TVOLTS(50) sAMPS(S0) ¢ TAMPS(S50) +F (13)
VECTOR VALUES FORM=$12C6#$

BOOLEAN FIRST REPEAT

INTEGER TRYCNTFeJ

READ FORMAT FORMsF(l)raseasF(12)
F(13)=¢xs

FIO)I=SIH +$

READ FORMAT F(1)e®

PUNCH FORMAT F.0

THROUGH SETLPJFOR J=0s1eJeGeS50

AMPS (J)=0a

TAMPS (J) =04

VOLTStJ)=0e

TVOLTS(J)=0.

RFIRST PART OF CALCULATIONS END HERE

TRYCNT=1

FIRST=1R

REPEAT=0B

TRANSFER TO BEGIN

CONT INUE

WHENEVER TRYCNT.L «S50.AND+REPEAT
REPEAT=08

FIRST=08

TRYCNT=TRYCNT+1

TRANSFER TO BEGIN

END OF CONDITIONAL

WHENEVER REPEAT.PRINT FORMAT FORM,SNO CONVERGENCE IN SO TRYSS
THROUGH RESETeFOR J=0+14JeGe50

TAMPS (J)=AMPS (J)

TVOLTS(J)=VOLTS(J)

RSECOND PART OF CALCULATIONS END HERE
PUNCH FORMAT F.®

TRANSFER TO START

CONT [NUE

WHENEVER FIRST

REPEAT=1B

amps & =7aMPs &

OTHERWISE

AMPS @ =1TTRe (AMPS Q) +GAMPS &) +REPEAT)
END OF CONDITIONAL

GAMPS & =AMPS
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T=0.

S=0e

S=ES+AMPS

amps (D =s-T

T=0e

T=T+AMPS

aMPs &) =AMPS @

voLTs () =voLTE ) +ocv B -amps S #orms &
T=0e

VoLTS @ =VOLTS D -(T+aMPS ) ) #OHMS O
T=0e

AMPS & = (VOLTS & -VOLTS ) /0HMS @ -T
TRANSFER TO BACK

END OF PROGRAM

s COMPILE MAD ITTR
EXTERNAL FUNCTION (ARG!+ARG2¢NC)
ENTRY TO 1TTR.
WHENEVER «ABSe(ARG1~ARG2)¢GesO1#(eABSeARG]) +NCx1]
ARG1=(ARG1+ARG2) /24
END OF FUNCTION
FUNCTION RETURN ARG1

7.6 NUMERICAL CALCULATIONS

The following is a numerical calculation of the Desired Results using
the Complete Program. These calculations were carried out to show that the
Complete Program does indeed yield the Desired Results to within a preselected
accuracy limit. The accuracy limit, which was preselected in the iteration
subroutine, is that the difference between the guessed and calculated values be
less than 1% of the calculated value.

The values chosen for the Input Parameters are:

VOLTS (BATT(NEG)) = 0.
OCV (BATT(NEG)) = 10.
OHMS (BATT(NEG)) = 1.
OHMS (RES, 1(1)) = 10.
OHMS (RES, 2(1)) = 5.

Since the problem considered is simple, the closed expression for AMPS(RES, 2(1))
is given by the following expression:

OCV(BATT(NEG))

AMPS(RES, 2(1)) = GEMS(BATT(NEG)) + OHMS(RES, 1(1)) + OHMS(RES, 2(1))

By making the appropriate substitution in the above equation, the actual value
of AMPS(RES, 2(1)) is 0.625 amps. By comparing the actual value of
AMPS(RES, 2(1)) to the value calculated by the Complete Program which was

generated by the Performance Simulator, we see that the program did indeed
give the Desired Results to the preselected accuracy limit.
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Numerical Calculations

NOTE: The following calculations have been simplified by deleting statements
which are not pertinent in illustrating the calculation procedure but
are pertinent to the actual machine calculations.

ALSO NOTE: REPEAT = 1B signifies the desired accuracy has not been obtained.
REPEAT = OB signifies the desired accuracy has been obtained.
GAMPS represents Guessed Amps.

First Iteration TRYCNT = ]
REPEAT = 1B
Initial Guess AMPS® =0
GAMPSD = 0
AMPS = 0
AMPS =0
VOLTS = 10.
Cale VOLIS¢2 = 10.
Second Iteration TRYCNT = 2
REPEAT = 1B
Ittr AMPS® =1
: GAMPS(D =1
AMPS =1
AMPS =1
VOLTS =9
VOLTS = -1
Cale AMPSQ = -2
Third Iteration TRYCNT = 3
REPEAé = 13
Ittr AMPS =,
GAMPS D = .k
AMPS = b
AMPS = |
VOLTS = 9.6
VOLTS = 5,6
Calc MPSEP = 1,12
Fourth Iteration TRYCNT =)
REPEAT = 1B
Ittr AMPS@ = .76
GAMPSQ = .76
AMPS = 76
AMPS = ,76
VOLTS = 9,24
VOLTS = 1,64
Calc APPSR = .328
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Fifth Iteration

Ittrn

Calc
Sixth Iteration

Ittr

Calc
Seventh Iteration

Ittr

Calc
Eighth Iteration

Ittr

Calc
Ninth Iteration

Ittr

Calc
Tenth Iteration

Ittr
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TRYCNT

REPEA

T

AMPS QD

GAMPS
AMPS
AMPS
VOLTS
VOLTS
AMPS

e

TRYCNT
REPEAT
AMPS

GAMPS O

AMPS
AMPS
VOLTS
VOLTS

amMPs QO
TRYCNT

TRYCNT
REPEAT

AMPS
GAMPS
AMPS
AMPS
VOLTS
VOLTS

2

AMPS O
TRYCNT
REPEAT
AMPSQ

GAMPS
AMPS
AMPS
VOLTS
VOLTS

D

3

AMPS QD
TRYCNT
REPEAT

AMPS
GAMPS
AMPS
AMPS
VOLTS
VOLTS

%

3

5

1B
nn
.5hly
Shh
Shh
9.u56
4. 016
.8032
6

1B
6736
6736
6736
6736
9.326L
2.5904
.51808
7

1B

«5958L
59584
«5958L
59584
9.40416
3.LL4576
689152

8

1B
642496
.6L2L196
642496
612196
9.357504
2.9325ul
5865088
9

1B
614502k
6145024
614502k
6145024
9.385L976
3.2L0L736
.61 809472
10

1B
63129856
.63129856
.63129856
.63129856
9.368701L
3.0557158




Calc AMPS(D = 61114316

Eleventh Iteration TRYCNT = 1]
REPEAT = 1B

Ittr AMPS( = .62122086
GAMPS(® = .62122086
AMPS = 62122086
AMPS = 62122086
VOLTS = 9.3787791
VOLTS = 3,166570L

Calc AMPS (@ = .6331L09

Twelveth Iteration TRYCNT = 12
REPEAT = 1B
AMPS® = .62726748
GAMPS(® = .627267L8
AMPS = 62726748
AMPS = 62726748
VOLTS = 9,3727325
VOLTS = 3,1000577

Calc AMPS(®) = .6200115L

Thirteenth Iteration TRYCNT =13
REPEAT = 1B

Ittr AMPS® = 62363951
GAMPS®D = .62363951
AMPSCD = .62363951
AMPszs = ,62363951
VoLTSLY = 9.376360L
VOLTS(D = 3.1399653

Calc AMPS®D = ,62799307

Final Iteration TRYCNT = 1)
REPEAT = OB

Ittr AMPS = 62581629
GAMPS(® = .62581629
AMPS = ,62581629
AMPS = ,62581629
VOLTS = 9.3741827
VOLT'S = 3,1160197

Final Calc AMPS = ,62320395

AMPS(RES,2(1)) = .62320395

NOTE: The program generated by the Performance Simulator went through
one additional iteration after the preselected accuracy limit had been
attained.
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PERFORMANCE SIMULATOR STRUCTURAL DETAILS

After a language for communication of information concerning a system

to be simulated is established, the job of the simulator program remains.

That job is the translation of the various statements allowed by the

language into an algorithm or solution procedure for the system simu- :
lation requested. !

This is accomplished by several sections of program. The sections
and their function are:

1) Preprocessing
2) Desired Result Reduction
3) Program Generation

The preprocessing phase consists of decomposing, analyzing, and re- !
generating the information from the source program statements in a
form more easily handled by the machine. Input Parameters and
Desired Results are saved in a very condensed form. Since each
attachment point may have up to 70 parameters and these may fall into <
two groups (input parameters and desired results), each point must
retain information on 140 items. Thus 200 attachments require 28000
items to be stored. These items are, fortunately, Boolean constants.
In particular, the Boolean constant for an Input Parameter is 1 (True)
if the parameter has been stated to be given. The constant is 0 (False)
otherwise. For desired results, the constant is 1 if the parameter is
required as an output and 0 otherwise. Since the computer is a binary
machine it is possible to identify each of the 36 binary digits in the
computer word with a specific parameter and thus save the status of

36 parameters in a single storage location. The entire parameter
status is compressed into four words for each attachment by the
Preprocessing section.

A second task of the Preprocessing section is to generate an image of

the system to be simulated within the machine. This is done by form-

ing a connection matrix. This array retains the nature of each attach-
ment point. Each attachment is entered as the joint between two elements.
Four items are required to specify uniquely an attachment on an element
and thus eight locations specify a connection. The result isan 8 xn
matrix, where n is the number of connections in the system. The matrix
entries are the true names of the elements, attachments, and identifiers
either as supplied directly by the connection statements or as replaced

by synonyms.
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The connection matrix thus generated may be quite disordered so far as
efficient processing is concerned. After the matrix is completely
entered in the machine a sorting is done using an indirect list address
array to arrange the matrix in the order of occurrence of the Element
Descriptions on magnetic tape. The indirect address lists allow the
matrix to remain stationary in memory while the effective order is
completely changed. Since the finding of information on magnetic tape
is the most time consuming of all the operations every effort is used
to save tape movement. The ordering also provides for an effective
method for locating all occurrences of an element in the connecting
array without searching the entire array. This is done as follows:

Let the connection array be denoted:

EL, EID, AT, AID, EI . EID, AT, AID,
EL, EID, AT, AID, EL,q EID,g AT,q AID,,

EL,_ EID, AT, AID, EL, . EID, AT, AID__

Where
EL = any true element name
EID = any true element identifier
AT = any true element attachment name
AID = any true attachment identification

and the subscripts iL. and iR denote the attachment point occurring to
the "left" and to the '""right' and the i-th such attachment point.

The ordering procedure is then:

1) Order the matrix by the EL;, (and group each EL and EID)
according to the arrangement of descriptions on the magnetic
tape. Call this ordering vector "L,

2) Order the matrix by the EL;g in the same way and call this
ordering vector "R'".
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Let i be incremented from 1 through the number of connections, say n.
Let Li (R;) be the value of the i-th location in the L (R) vector. Then
the i-th member of the EL | (ELR) is found in EL; (ELg;). This type
of list addressing is known as "indirect" addressing.

3) Construct a vector for the vector L whose values are the
locations of the first occurrence of each element addressed
through L in the vector R. If no such occurrence exists in
R, then insert the negative of the first occurrence of the
element in L itself, Call this vector "L TO R".

4) Construct a similar vector for the vector R relating the
occurrences in R to L. Call this vector "R TO L".

With these vectors the task is simplified for finding the entire set of
occurrences of any identified element. The location of all occurrences
is accomplished in the following way: (The method is given for L but
is equally valid, with appropriate changes, for R)

1) If L TO R at a point is negative, the element does not occur
in R. The first occurrence in L is found by taking the abso-
lute value of L TO R,

2) Each entry in L agrees with the first as long as the cor-
responding L. TO R corresponds to the first L TO R.

3) If L TO R is positive, the first L occurrence is found by
going first to the first occurrence of the element in R and
then back to L by using the associated R TO L value. The
same test as in 2 applies to equivalent identified elements.

4) If L TO R is positive, the value gives the first R occur-
rence. The succeeding values in R are for the same identi-
fied element so long as R TO L for each succeeding value
agrees with the first R TO L value.

The remaining task of Preprocessing is to save all input-output re-
quirements and functions substitutions for the Program Generation.

In addition, should the library complement be incomplete, the Prepro-
cessing must construct the library entries. Each Element Description
is saved as two files on the tape known as ELTAPE, The first saves
the contents of each collection capability in 80 word blocks. This
allows two words for input parameters and two words for desired re-
sults at each of the 20 allowable attachments. The words are in the
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Boolean form previously described. Since two words allow for 72
parameters and only 70 parameters are allowed, the remaining bits
are available for special use. In particular, the last bit in the desired
result word is used to signal that this capability must apply to elements
without this attachment,

The second file contains the MAD statements to generate the capability
contained in the first file., The first capability group in the first file
corresponds to the first collection of MAD statements in the second
file and so on.

Upon completion of the Preprocessing, the status of the storage is as
follows:

1) The connection matrix is in and contains only true names.
The matrix is ordered and the input-output requirements
have been packed in Boolean parameter words.

2) The Element Descriptions are processed and saved in
groups of two files per description on tape ELTAPE,

SAV. WY .4 A _ . ®.dE... £3_.__d
WILll dil perildileillt uescCripLiull 11rsL.,

3) The function substitutions and input-output parameters
~in complete notation are saved for the program genera-
tion phase on an erasable tape.

At this point, control is passed to the Desired Result Reduction section.
This section is charged with the actual generation of the algorithm for
simulating the system. The procedure for accomplishing this task is
almost the reverse of the usual procedure used by humans in attempting
the same task. The human approach, largely because of the extremely
large storage capacity of the human brain, is a search that proceeds
from the known parameters and is directed toward the desired results.
This approach could be implemented in the machine but because of stor-
age limitations may become quite unworkable. The difficulty is that the
machine program cannot reject a method until it can be shown to be
unnecessary in the program to obtain the desired results. Thus the
program would be forced to enumerate all the possible methods available
from the input parameters plus the results of the first set and so on.
The number of methods available grows rapidly and if the problem is
well-posed the desired results will eventually be encompassed. How-
ever, this constitutes an exhaustive search with only a small fraction

of the methods actually of use,
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Therefore a different approach is used. Essentially, the algorithm is
produced in reverse by working from the desired results toward the
input parameters. In this way every step generated is necessarily of
use in the program. The program is, of course, backward, in that
the first statement collection specified is the last one needed and so
on but this is easily taken care of by the Program Generation section.
The method of production of the algorithm is the following:

Step 1.

Step 2.

2A.

2B.

2C.

2C1.

2C2.

Inspect the '"Desired Result" Boolean words for each con-
nection point in the matrix. Whenever no Desired Result
bits can be found in the entire matrix the algorithm is
completed.

Whenever a connection is found for which results are de-

sired, steps must be taken to satisfy the request for results.

The requested results may be input parameters. If this is
so, remove the corresponding desired result bits.

The requested results may occur at any identified attach-
ment and be of broad scope. If this is so and the result (as
an input parameter) can be found at any of the identified
attachments, remove the corresponding desired result bit.

If requested results still remain after Steps 2A and 2B,
then some additional program must be added to obtain the
results,

Find all of the statement collections for both elements that
occur at this attachment point that are useful in obtaining
the requested results., That is, ignore any collections
that are ""without'" attachments specified for this element
or collections that do not happen to produce any of the de-
sired results.

Check each useful collection to determine its effectiveness.
The effectiveness is the ratio of the number of requested
results the collection produces to the number of new re-
quests for results the collection will produce. A new re-
quest for results will occur if any of the parameters re-
quired by the collection is not an input parameter or
already requested by previous statements.

If the number of new requests for results is zero, the col-

lection is always inserted in the algorithm. This collection
produces results without requiring any new information.

A-54




(The only exception to this rule occurs with the iterative
ESTIMATE collection. In this case, no new information
request is apparent, however, the ESTIMATE collection
is restrained from inclusion in the program until the
parameter in question is found by at least one independent
calculation method.) Otherwise, retain the effectiveness
ratio as the weight of the collection.

2C3. When all of the collections have been examined for effect-
iveness and if desired results still remain, select a set of
the collections that will produce the requested results.

At this point, the methods in which a parameter could be
found using a method only once at a given attachment point
are checked and discarded if already used. Otherwise,
these methods are simply placed in competition with any
other techniques available.

2C3A. First check to be certain that every requested result can
be found in at least one way. If any result cannot be so
found; the prablem may not he well posed. The problem
is not well posed if no "branches' have occurred previous-
ly in the generation. A '"branch' occurs when a choice is
made between more than one method of determining a
requested result.

2C3B. Whenever there is exactly one method for producing a re-
sult, this method must be included at this point in the algor-
ithm. The method is inserted, the results produced by the
method have the corresponding bits removed, and any new
requests occurring anywhere in the matrix have the corres-
ponding bits inserted.

2C3cC. After all single method results are taken care of there
remain only results for which there are several used for
each result the selection will constitude a "branch' in the
algorithm generation, if the method selected is not always
forced to be the same one,

If one considers the available methods, each with its asso-
ciated weight, the simulator should tend to choose the method
of greatest weight. However, the simulator should be allowed
to select the method on the basis of the probability of selection
being proportional to the weight. If this is not done, one may
anticipate that in some case the method of greatest weight may
contain a parameter that is incapable of calculation (consider-
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ing the input parameter) and therefore the program could not
by generated. If, however, the simulator makes the selec-
tion probabilistically, the method of greatest weight is most
likely to be selected although other methods may be selected
in its place. The probabilistic selection is automatically
made and the "branch" Boolean constant is set to one. In
this way, if later there should arise a case in which no
method is available, the simulator may make another trial
and possibly work out a satisfactory algorithm by having the
chance to choose another method at this point. This is a
situation in which the locally "best'" method is not always
the globally '"best' but tends to be so.

Step 3. Steps 1 and 2 are repeated over and over, Each time the
requested results are satisfied, a new set of requests are
generated except when the request matches an input para-
meter. If the problem is well posed then a sequence of
methods may be found such that all desired results are
satisfied, through the sequence, by input parameters. When
this has been done, an algorithm for the simulation of the
system has been produced.

The algorithm produced tends to be optimal since at each state the
method of greatest weight was most likely to be employed but the
simulator cannot, with limited storage, view the generation of the
algorithm beyond a single step. Thus occasionally the simulator may
produce several steps that might be condensed if more information
were available. In particular, it may happen that identical set of
statements may be produced in the algorithm at different stages of the
generation. This redundancy is easily detected and the final algorithm
will contain only the first occurrence of the set.

The method of probabilistic selection is also used to discard the least
likely method should there be found too many methods to apply at a
given point,

The method of probabilistic selection for picking an item from a group
on n weighted items is the following.

Let W > 0 be the weight of the i-th item from a group of n total items.
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n
Let W = Y W, be the total weight of the group.
i=1

Let N‘g be a random number selected from a uniformly distri-
buted set of random numbers on the interval 0, W,

Then the K-th member of the group if n items will be selected for the
smallest K such that

w

K
2 W 2N,
i=1

N§ is most likely to fall in the subinterval such that W; is maximum
but may fall anywhere in the interval. A modification of this method to
pick the least likely item (for discard, etc.) consists of defining a new

sct of weight p = 1/W. and making the selection uging 0 in place of W.
It should be noted particulariy that equally probable aiternatives receive
equal chances and every alternative, no matter how small its weight
may be, receives some consideration and may be chosen at any time.

This method should find many applications in future programs.

Since there is no way to predict either the number of parameters that
may be needed at a point or the number of methods available for any
parameter it is necessary to allow an extremely flexible storage assign-
ment so that the storage may be completely used. This is done by means
of an "associative memory'' list for the storage region. This list
functions as follows:

1) Associated with each parameter at the attachment point is a
storage location whose value is:

1A) Zero if the parameter is not required.

1B) Minus one if the parameter is not required and no
method has yet been found to yield the parameter.

1C) Otherwise, the value is a positive integer giving

the location of the beginning of the list of methods for
this parameter in the ""associative memory".
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2) Each entry in the associative memory list gives the location
of the next (associated) entry. The final entry is denoted by
a minus sign.

3) New entries are made by consulting the associative memory
list beginning at the Oth location. The value of this location
is the next available location in the memory. An addition to
the end of any list is made in the available location, the value
that was in this location is stored in the 0 th location and the
former list end is changed to refer to the new list end.

4) Whenever a result collection is selected, the storage space
is reassigned as available storage by placing the starting
location for the list in the Oth location, and the value form-
erly in the Oth location at the end of the list being removed.
In this way the entire list is made available with only two
storage reassignments.

5) If the capacity of the storage is exceeded before all the para-
meters have been treated space can be created by selecting
the parameter with the greatest number of methods and
picking the method least likely using the probabilistic sec-
tion technique. The location thus chosen is made available
by giving its address to the Oth location and reassigning
the preceeding list location to skip this location and refer to
the next item in the list.

Upon completion of the removal of all the desired results and those
created during the removal of others, the algorithm is completed and
written in reverse order on magnetic tape. This type of storage is
used because it is not possible to predict the storage required for a
program in advance. This is somewhat unfortunate since the program
is generated in the form of a ""push down' list. A push down list is a
list such that each entry occurs at the beginning (rather than the end)
of the list and thus moves the former first item to second place, the
former second to third and so on. Thus the items are 'pushed down"
on the list. Removal of items from the list occurs from the beginning
of the list with the last item entered. Thus the effective order of the
list is reversed. This is precisely the action that must occur in the
program generated since the last statement collection found must be
the first used in the program and the first collection found is the last
one used in the program. The difficulty is resolved by moving the
tape backward two records and forward one working from the last
record written toward the first.

A-58




As this process is begun after the completion of the algorithm, the
simulator is at this point generating the simulation program using

the Program Generator. The first output of the Program Generator

is the Prologue and its associated input-output statements. The Pro-
logue is followed by the program. The algorithm is stored in a short
code giving the connection matrix row number and index in the L vec-
tor so that the unique connection could be located by the program gen-
erator, the element description name given by position in the element
name vector and tagged with a plus (+) sign if the element involved

was the left-most and a minus (-) sign if the right-most, and finally

the statement collection number. The program generator section
moves to the second file in the desired element description and next

to the appropriate statement collection. Finally the statement col-
lection is processed and produced both on cards and in print to form
the desired simulation program. The rules by which the processing
takes place have been stated in the section describing Element Descrip-
tions. Briefly, the MAD statements are written using floating state-
ment labels, and special codes for function substitutions and for
parameter and attachment codes. The Program Generator assigns
unique fixed statement labels for the floating statement labels. Any
function substitution is checked for possible medification, If a substi-
tution has been requested, the substitution is made, otherwise the
original text is retained. The parameter and attachment codes are re-
duced t¢ 2 six character variable name code for each parameter-
attachment combination occurring. Some of the six characters may be
blanks. Non-identified attachment parameters are immediately coded
and inserted in the output statement. Identified attachments cause mul-
tiple copies of the statement to be generated. One copy is made for each
different identifier. To avoid possible ambiguity, only one attachment
may be identified in each statement. However, this attachment may
occur any number of times with any number of parameters within one
statement. In this way the effect of a special junction element is pro-
duced without specifically requiring such an element.

As noted in the Collection Capability section, there is one exception to
this rule, Namely, when an attachment is identified and the current
point in the connection matrix agrees exactly with this attachment
name, a copy of the statement is produced for all occurrences except
the current one. Finally, if an attachment is not identified, the cur-
rent attachment point will be selected if the name agrees with the name
occurring in the collection statement. Otherwise, the first occurrence
of the name is used in the code.
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Upon completion of the program generation the control is returned to
the Preprocessing Section to process any other system simulation
problems that may be waiting. Since the output of this program is a
program in MAD code and on punched cards, the simulation program
may be used as it is produced or modified easily before using it to
simulate the system. To use the program as it is generated, the
user need only supply the data and special subroutines needed and the
special cards needed by the executive system for the data processing
system, The program will be translated into machine code and
executed using the data supplied.
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SCOMPILE MADSEXECUTE»DUMP sPUNCH OBJECT sPRINT OBJECT

STCC(0)

STccil)

R'N
CONTINUE

EXECUTE PLACE«(FPAR(0Q)$6950)
EXECUTE PLACE«(ZPAR(D)+69+0)

CONTINUVE

EXECUTE PLACE«(A(Q)515599+% $)

A(15853)=2
A(15854)=401
A(15855)=400
ABRSW=0B
ATTCNT = C
CAT = 0B
CCNT = 0Q
CEID = 0B
CEL = OB
CKRN=0B
cLC=08
CSIDE = 0
csus = 0
CTOo = 0B
DCNT = O
DONE = 0B
E2NDPN = 08
EAT = 0B
ECNT
EEID
EEL =
EOFB
EPAR
ESUB
FIVE
FOUR=4
FSCNT = O
FSEL = 0B
FSNEW OB
FSOLD 4] ]
FSsug 0
1= 71
ID1=% $
I1D2=% %
IFERR1=08
IFERR2=08B
K1=0
LASTCH=%.,%
NTAPE=08
NUELTP = OB
QUT=0BR
PARCNT = 0
PAT=08B
PCNT=0
PCNT(1)=0
PEID=0B
PEL=08B
PELCNT = 0
PEQL=08B
PLP1=0B
PLP2=0B
PNUM = O

0
o8

]

- 0B
o8
(0]
9

Hnuwn oOoOun
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0320
0340
0310
0300

0720
0330
0350
0290

0500

nsLON
Vmow

0510
0470
0460

0450
0520

0680
0670
0650
0660
0690

40
50
0560
0570
0550

0710
721
0640

0610
0620
0630
0600

0580
0590



READ1

WTAPE

cLBckK

PNUM(1) = O

PPER=08B

S1STEQ = 0B

S1STPN = 0B

S2NDPN = OB

SAT = 0B

SBIT(0) = O

SBIT(1)y = O

SCNT = 0

SCoPBl = O

SCoPB2 = O

SEID = 0B

SEL = 08

SPAR = 0B

SSIDE = O

ssug = 0

TC = THREE

TELCNT = O

THREE=3

TIME = 60

EXECUTE TODAY.(Z21+22)
23=DAYTIM.(0Q)

ZH=23/216000
IM=(23-2H#%216000) /3600
25=(23-ZH*216000~-ZM%#3600) /60
W'R ZH olLe 12

Z4=3$AMS

O'R ZH oEe 12

L4=%PMS

O'E

24=SPMS

ZH=ZH~-12

E*L

PtT S$SH¥1DATA AS GIVEN TO SYSTEM SIMULATOR#»S6092C69S55912013»
113951 9C6%89219229ZHeZM92Se24
READ AND PRINT DATA (IDENTsSTIME) (TIME 1S OPTIONAL)
EXECUTE STARTS(IDENT)

EXECUTE SETEOF.(EOF1)

TRANSFER TO RESET1

EXECUTE INPUTe(CHeeoEND19»WORD)
EQUIVALENCE(EOF1+END])
WHENEVER NTAPELOR.CLC

CONTINVE

WRITE BINARY TAPE TCs» WORD(O)seees WORD(11)
WHENEVER CHeNE«$S+$s TRANSFER TO READ1
WHENEVER CLC

cLC=0B

PRINT COMMENT $OCALCSS

END OF FILE TAPE THREE

CLDONE = 18

R CALCULATIONS ARE NOW ON TAPE THREE

TRANSFER TO CLBCK

END OF CONDITIONAL
PRINT COMMENT SO(EOF4)S$
END OF FILE TAPE FOUR

R PROLOGUE IS NOW ON TAPE FOUR

NTAPE = 0B
1 =71
DCNT=0
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ERRTST

RESET1

PUNTST

LOOP

EOF1

NXTSET

TLOOP

o0

R

R
R

R
R

R

LASTCH=3.3
TRANSFER TO RESET1

END OF CONDITIONAL

WHENEVER CHeEe $/%s TRANSFER TO READ1
WHENEVER CH JEe $%%

ID1=WORDI( 1)

1D2=WORD( 2)

TRANSFER TO READ1

END OF CONDITIONAL

WHENEVER LASTCH oNEe 33 ¢ANDe CH oNEes -$:=%
LASTCH=$.3

I=-1

TRANSFER TO S(K1s1)

END OF CONDITIONAL

THROUGH LOOPs FOR I = 0 s 1s I oGe 71

NUCHAR = CHI(T)

WHENEVER NUCHARLE.$% $s TRANSFER TO LOOP
LASTCH=NUCHAR

THROUGH ERRTSTs FOR K=0s1 sNUCHARGESILCHAR (K)eOReK,Ge5
VECTOR VALUES ILCHAR=$+3+3-3,5/3:5%3,305+30%
WHENEVER KeLE &5

P'T ERR1s1I+1

VtS ERR1=SH¥*0OILLEGAL CHARACTFR IN THE ABOVE LINEs CC *#[2s/%$
IFERR1=18B

1 =71

HOLCNT=1

NUWORD=% $

TRANSFER TO LOOP

END OF CONDITIONAL

PUNCTUATION CHECK
THROUGH PUNTSTs FOR K=0s 19 NUCHARGEPUNCT (K)e ORs KoGoé
VECTOR VALUES PUNCT=%53333,3s5($+3)35+5=$
W!'R K oLEe & «ORe HOLCNT «Ge 6 «ORe ABRSW
TRANSFER TO S(K1lsK)
END OF COL.DITIONAL
NUWORD=INSRTC ¢« (NUWORD s HOLCNT ¢« NUCHAR)
HOLCNT=HOLCNT+1
WIR NUCHAR oFe $'$s ABRSW=1B
CONTINUE
READ IN NEXT CARD
TRANSFER TO READ1
END OF FILE ON INPUT
(#%PROGRAM FINISHED. NO MORE DATAH®)
EOFB=18
EXECUTE ENDe(0Q)

(#% NEXT SET OF DATA IS READYs COMPLETE THIS PROGRAM FIRST

NEXT SET OF DATA
CUT=18
EXECUTE ENDe(1)

FINISH PROCESSING
REWIND TAPE FOUR
WRITE BINARY TAPE THREE»SFSUB,$SsFSCNToFOMAT 44 o FOMAT(5)
V1S FOMAT=$SPADPADPADPADPADPADPADPADPADPADPADPADS
T'H TLOOPs FOR 1=0919 I eEe FSCNT
WRITE BINARY TAPE THREEsA(OCsTI)sA(10I)9sA(2+1)9A(391])
END OF FILE TAPE THREE
WRITE BINARY TAPE THREEsSINPUTTSsPCNT(O) sFOMATe e e FOMATI(S)
T'H ILOOPs FOR I=091s I eEe PCNT{O)
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0910
0920
0930
0940
0950
0960
0970
0980
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1100

1150
1180
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1220
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1260
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1300
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ILOOP

DLOGP

S(35)
S(29)

S(23)
S(17)

S(11)

S(5)
ABRINS

S1017)

S(0)
S5(2)
S(3)
51(18)
S1(19)
511209
Sig)

INS(1)

St

DCL

S1(0)

1

R

R

R

1

R

WRITE BINARY TAPE THREEsA(GoI 1 sA(SsI)oA(Es])sA(TsI)9A(Bs])
END OF FILE TAPE THREE
WRITE BINARY TAPE THREE sSDESRUSSsPCNT(1)9FOMAT o6 oFOMAT(5)
T'H DLOOPs FOR I=0919 I oEe PCNTI(1)
WRITE BINARY TAPE THREEsA(G9I)sAl109I)sA(TI19T1)9A(129T)9A(1301]
)
END OF FILE TAPE THREE
REWIND TAPE THREE
W'R NUELTF

FILE 1 MUST BE REWRITTEN FOR NEW TAPES.
WRITE BINARY TAPE FOURSSELTAPESsIDENTsFOMAT e eFOMAT(5)
WRITE BINARY TAPE FOURSPELCNT sTELCNTsPARCNTsFOMAT ¢e ¢ FOMAT(5)
WRITE BINARY TAPE FOUR»A(15604)eeeA(15853)
REWIND TAPE FOUR
E'L

(#% PROCESS DATA IN A MATRIX WITH SIMULATOR SUBROUTINES.#$.

EXECUTE ENDe(2)
DECLARATION SECTION K1 OF 5365 5000 305536 3000 00 3635009600 30 3030 3600 0000 9090 00 00 30 00 30 0 0
CONTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE
K1=0
W'R ABRSW
ABRSW=08B
NUWORD=INSRTC ¢ {NUWORD s HOLCNT s NUCHAR)
E'L
DWORD (DCNT)=NUWORD

DCNT=DCNT+1
WHENEVER DCNT ¢Ge4s TRANSFER TO S(4)
TRANSFER TO RESET1
T'H S1(17)s FOR N=0Os1s ABR1(N) oEe DWORD +ORe N oGe MAXCNT
WIR N «Ge MAXCNTs» T'O St(4)
T*O S1(N)
CONTINUE
CONTINUE
CONTINUE

CONTINUE

CONTINUE

CONTINUE
PRINT COMMENT SOx##%% DECLARATION ERROR IN THE LINE ABOVES
P'T DWORDAsDWORDe ¢ ¢ DWORD(DCNT -1}
V'S DWORDA=$1H0+22C6#%*$
IFERR2=1B
DCNT=0
1 = 71
TRANSFER TO RESET1
DWORD (DCNT)=NUWORD
DCNT=0
THROUGH DCLs FOR N=0s 19 DKINDI(N)eE«DWORD (0)eANDDKIND2(N)
eEe DWORD(1)¢OReNeGe MAXCNT
VECTOR VALUES MAXCNT= 16
TRANSFER TO S1(N)

ELEMENT DESCRIPTION SECTION K1 = 6

K1 = 6

WHENEVER «NOTe ELTPOKeANDePELCNToGeOeANDe ¢ NOToNUELTPS

1EXECUTE SKFILE.(FOUR»2#(PELCNT~-1))
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S1(1)

S1(12)
S1(2)

Si(1ly
S1(3)

S1l4)

S1¢16)
S1(5)

S1(6)

S1(13)
S1(t7)

$1(8)

$1(10)
$1(9)

$1(15)

Si1{14)

S(10)

NOATS=0

ELTPOK=1B

TRANSFER TO RESET1
R
R INPUT PARAMETERS
Kl=3

K2 = &

K3=0

PNUM(K3)=0

TRANSFER TO RESET1
R SYNONYM (S)
CONTINUE

Kl=2

TRANSFER TO RESET1

R CONNECTION (S)
CONTINUE

Kl=1

TRANSFER TO RESFET1
R DESIRED RESULTS
Kl=3

K2 = 9

K3=]

PNUM(K3)=0

TRANSFER TO RESET1

R FUNT

CONTINUE
Kl = 4

K
CONTINUE
NTAPE=18

R (SYSTEM INPUT ON TAPE TWO.)
NUELTP = 1B
TC = FOUR
WHENEVER leLEe O» TRANSFER TO WTAPE
TRANSFER TO READ1

R CALCULATION (S)

CONTINUE

CLC=1B

CLDONE = 0B

TC = THREE

END OF FILE TAPE THREE

WRITE BINARY TAPE THREEs $ CALC CALC CALC
WHENEVER IeLEes Os TRANSFER TO WTAPE

TRANSFER TO READ1

R NEXT SET OF DATA
TRANSFER TO NXTSET

R CHECK RUN
CONTINUE
CKRN=18B
TRANSFER TO RESET1

R EQUIVALENCE
Kl =5

R SAVE TAPE
TRANSFER TO RESET1

CALC CALC 3

R OTHER TYPES OF FRRORS #%X##%#S%ERFEEHAEEENEREEASEEREEREHBEEN

R =
CONTINUE

IN CONNECTIONS STATE.

R = IN FUNCTION SUBSTITUTION
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S(28)

S(12)

si13)

SPRI10OD

SRESET

S(14)

SENTER

CONT INUE

PRINT COMMENT $SOILLEGAL EQUAL SIGN ABOVE####%$%
IFERR1=18

TRANSFER TO RESET1

RSYNONYM SECTION K1=2 P2 0 3 A S 3634350038 30 33 635 9528 9 46 396 3 0 3 3
R SYNONYM STATEMENT DECOMPOSTION
R COMMA IN SYNONYMS
WHENEVER o«NOT+ SEL oANDe oNOT, S2NDPN
SSUB = 22
SEL = 1B
CR WHENEVER oNOTe SAT oANDe S2NDPN
SSUB = 24
SAT = 18

WHENEVER NUWORD ¢Ee $0%s NUWORD = % §
OR WHENEVER oNOTe SEID «ANDe +NOTe S2NDPN
ssuB = 23
SEID = 1B
END OF CONDITIONAL
TRANSFER TO SENTER
R PERIOD IN SYNONYMS
SSIDE = 0
S1STEQ = 0B
WHENEVER oNOT e SPARs A(269SCNT) = NUWORD
SCNT = SCNT+}
WHENEVER SCNT «Ge 398
SCNT = SCNT -1
PRINT COMMENT SOSYNONYM TABLE LENGTH EXCEEDEDS
END OF CONDITIONAL
SPAR = 0B
SEID = 0B
SAT = 0B
SEL = 0B
S1STPN= OL
S2NDPN = 0B
BOOLEAN S1STPN
TRANSFER TO RESET1

R LEFT PAREN IN SYNONYMS

CONT INUE

WHENEVER S1STPNs S2NDPN= 1B

S1STPN= 18

WHENEVER NUWORDJE. $ $
WHENEVER «NOTe SPARs SPAR= 1B
TRANSFER TO RESET)
END OF CONDITIONAL

WHENEVER oNOTe SPAR

ssuB = 21

SPAR = 1B

S2ND PN = 0B

CR WHENEVER oNOTe SEL

ssuB = 22

SEL = 1B

OR WHENEVER oNOTe. SEID

ssuB = 23

SEID = 1B

END OF CONDITIONAL

TRANSFER TO SENTER

A(SSUB+SSIDEsSCNT) = NUWORD

TRANSFER TO RESET1

R RIGHT PAREN IN SYNONYMS
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$(15) WHENEVER NUWORD +Ee $ $» TRANSFER TO RESETI1 3270
WHENEVER oNOT. SEL 3280
WHENEVER «NOT. S2NDPN 3290
SEL = 1B
SsuB= 22
CR WHENEVER oNOT. SAT 3310
SSUB = 24
SAT = 18
CTHERWISE 3330
b SSUB = 25
END OF CONDITIONAL 3350
; CR WHENEVER oNOTe SEID +ANDseNOTe S2NDPN 3360
1 SsuB = 23
SEID = 1B
OR WHENEVER oNOT. SAT 3380
SAT = 18
SSUB = 24
OTHERWISE 3400
SSUB = 25 3410
END OF CONDITIONAL 3420
| TRANSFER TO SENTER 3430
| R EQUAL SIGN IN SYNONYMS
. stie) WHENEVER S1STEQ 3440
| THROUGH SREWRTs FOR SSUB= 21s1» SSUB eGe 25 3450
SREWRT A{SSUBSCTNT+1) = A{S5UBISCNT) 3550
TRANSFER TO SPRIOD 3470
OTHERWISE 3480
WHENEVER oNOT+ SPARs A{21s SCNT} = NUWORD 3490
SSIDE = 5 3588
S1STEQ = 1B 3510
TRANSFER TO SRESET 3520
ENDOF CONDITIONAL 3530
R INPUT PARAMETERS K1=3 K2=4 K3=0M3E 03000000 3098 365 538 315 536 3 36 3 30 3540
R DESIRED RESULTS K1 = 3 K239 K3 = 1 3550
RCOMBINED LOADER 3560
R MAXIMUM OF 400 INPUT PARAMETERS 3570
R MAXIMUM OF 400 DESIRED RESULTS 3580
R COMMA IN IPOR DR
$(18) CONT INUE
PEQCNT=PEQCNT+1
WHENEVER NUWORD<E+$ $sTRANSFER TO RESET1
W'R PEQL
A{14sECNT)=NUWORD
T*H PEQUs FOR PJU=0s1s PJ +Ge &
PEQU A(154F J9ECNT)=A(K2+PJIsPCNT(K3)+PEGCNT)

T'0 ECNTIC
E'L
WHENEVER PLP1
WHENEVER oNOTe PEL
PEL= 18
CJ=1
OR WHENEVER oNOT. PAT
PAT= 18
CJ=3
OR WHENEVER oNOT. PEID
PEID = 1B
CJ=2
OTHERWISE
CJ=4
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END OF CONDITIONAL
A(K24+CJsPCNT(K3) )= NUWORD
TRANSFER TO RESET1
END OF CONDITIONAL

TRANSFER TO PNCNT 3670
R PERIOD IN IP OR DR
S(19) PPER=18B
W'R PEQLs T'0 S(18)
PERET T'H PCOPYs FOR PI=1919 Pl oGEe PNUMI(K3)
THROUGH PCOPYsFOR PJUz1419PJeGot 3690
PCOPY A(K2+PJsPCNT(K3)4+PI1=A(K2+4PJIPCNT(K3)) 3700
PCNT(K3)=2PCNT(K3)+PNUM(K3) 3710
WHENEVER PCNT(K3) oGe 379 3720
POVR PRINT COMMENT $ODRIPORS
END OF CONDITIONAL 3740
PAT=08 3780
PEID= 0B
PEL=0B 3770
PEQL=08
PLP1=0B 3750
PLP2=0B 3760
PNUM(K3}=0 3790
PPER=08
TRANSFER TO RESET1 3800
R LEFT PAREN IN IP OD DR
S{20) CONTINUE
WHENEVER PLP1
PLP2=1B 3820
CJ=1 3830
WHENEVER PEL
CJ=2
PEID= 1B
END OF CONDITIONAL
PEL =1B 3850
WHENEVER NUWORD ¢Ee $ $» TRANSFER TO RESET1
TRANSFER TO OMTD 3860
OTHERWISE 3870
PLP1=1B 3880
WHENEVER NUWORD.Es $ $» TRANSFER TO RESET1
PNCNT A(K2s PCNT{K3)+PNUM(K3))= NUWORD . 3890
PNUM (K3)=PNUM(K3)+1 3900
WHENEVER PCNT(K3)+PNUM(K3)eGe 3999 TRANSFER TO POVR 3910
END OF CONDITIONAL 3920
TRANSFER TO RESET1 3930
R RIGHT PAREN IN IP OR DR
S{21) CONTINVE
WHENEVER PLP2 <ANDe PLP1
CJ=3 3950
WHENEVER PATs CJ=4 3960
PLP1=08 3970
CR WHENEVER PLP1 3980
CJ=1 3990
WHENEVER PELs CJ=2 4000
OTHERWISE 4010
TRANSFER TO RESET 1 4020
END OF CONDITIONAL 4030
OMTD A(K2+4CJs FCNT (K3))= NUWORD 4040
TRANSFER TO RESET1 4050
R EQUAL SIGN IN IP OR DR.
A-68




St22)

PEQINT

S(24)

$(26)
S24P

5(27)

S(25)

FENTER

S(6)

RECOPY

PEQL=1B
PEQCNT=-1

T'H PEQINTs FOR PI=1s19 Pl +GEe PNUM(K3)
T'H PEQINTs FOR PU=191y PJ .Ge &
A(K24PJsPCNT(K3)+P1)=zA(K24PJsPCNT(K3))

T'0O RESET1
R
R FUNCTION SURBSTITUTTIONS #5548 35 385300 390300030 30 36 3000 06 36 0038 335 3 06 96 3 3 3 3 3¢
R COMMA IN FUNCTION SUBSTIT.
WHENEVER oNOTe FSNEW

Fssug = 0

FSNEW = 18

OR WHENEVER «NOT. FSOLD
R LEFT PAREN IN FSB

TRANSFER TO S26P

CONTINUE

WIR NUWORD +Fe & $» T10O RESET)

FsSsuB =1

FSOLD = 1B

OTHERWISE

FSEL = 18
FSSUB = 2

END OF CONDITIONAL
TRANSFER TO FENTER

A
A
-y
(1]
a

WHENEVER «NOT, FSEL
FSEL = 1B

Fssup= 2

CTHERWISE

FSSUB = 3

END OF CONDITIONAL

TRANSFER TO FENTER

R PERIOD IN FsB
WHENEVER o«NOTe FSOLDsA(19FSCNT)= NUWORD

FSNEW = 0B

FSoLp = 0B

FSEL = 0B

FssuB=0

FSCNT = FSCNT +1
WHENEVER FSCNT +Ge 399
FSCNT = FSCNT -1
PRINT COMMENT SOFUNCTION SUBSTITUTION TABLE LENGTH EXCEEDEDS
END OFCONDITIONAL
TRANSFER TO RESET1
A(FSSUBsFSCNT )= NUWORD
TRANSFER TO RESET1
RCDNNECTION SECT!ON Kl‘l 232222223212 22X T2 222 222 YT 2222 32 )
R CONNECTIONS IN A(30s0)seeA(38+399)
RMAX OF 400 CONNECTIONS
R COMMA IN CONNECTIONS
WHENEVER NUWORD+Ee3$TOS
CTO = 1B
WHENEVER CSIDEeEs 0
CSIDE = &
OTHERWISE
THROUGH RECOPY»s FOR CSUB32151+sCSUBeGe 34
A(CSUBCCNT+1) = A(CSUB+4sCCNT)
WHENEVER A(37+CCNT)eEe § SsA(379CCNT) = $18
WHENEVER A(33+CCNT+1) oEe3 SsA(33sCCNT+1)=$28

A-69

4060

4070
4080
4090
4100

4120
4130
4140

4150
4160
4170

4180

4190
4200
4210
4220
4230

4240
4250
4260
4270

4280
4290
4300

4340
4350
4360
4370
2290
1460
2300

2310
2320

2340
2350
2360
2370
2380
2390



CRESET

St

S5(8)

5(9)

CENTER

$(30)

CCNT = CCNT+1

WHENEVER CCNT «Ge 399

CCNT =CCNT-1

PRINT COMMENT $O0CONOVRS

END OF CONDITIONAL
END OF CONDITIONAL

CEL = 0B
CEID = 08
CAT = 0B

TRANSFER TO RESET1
OR WHENEVER NUWORD
TRANSFER TO RESET1
OR WHENEVER «NOT.
csus = 31

CEL = 1B
CR WHENEVER «NOT.
csug = 32
CEID = 1B
CTHERWISE

CAT= 18

csuB= 33
END OF CONDITIONAL
TRANSFER TO CENTER

CONTINUE
WHENEVER CTO

oEe $ 8

CEL

CEID

WHENEVER «NOTe CEL

A(359CCNT )= NUWORD

OR WHENEVER «NOT, CEID

A{36+sCCNT)= NUWORD

END OF CONDITIONAL

CSIDE = 0
csuB = 31

END OF CONDITIONAL

TRANSFER TO CRESET

PERIOD IN CONNECTIONS

LEFT PAREN IN CONNECTIONS

WHENEVER NUWORD +Ee $ $»TRANSFER TO RESET1

WHENEVER oNOT. CEL
csus = 31
CEL = 18
CEID = 18
OTHERWISE

csuB= 32

CEID = 1B
END OF CONDITIONAL
TRANSFER TO CENTER

WHENEVER «NOT. CAT
csug = 33

CAT = 1B

OTHERWISE

csuB = 34

END OF CONDITIONAL
TRANSFER TO CENTER
ALCSUB+CSIDESCCNT)
TRANSFER TO RESET1

CONTINUE

= NUWORD

R EQUIVALENCE DECOMPOSIT]ION

RIGHT PAREN IN CONNECTIONS

e S T T T I T2 AL R T2 S22 a R sl
COMMA IN EQU

A-T70

2400
2410
2420

2440
2450
2460
2470
2680
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580

2600
2610

2670

2680
2690
2700

- 2710

2720
2730

2740
2750
2760
27170
2780
2790
2800
2810
2820
4380




S(31)

ECNTIC

St32y

S(33)

WHENEVER NUWORDeEe® $s TRANSFER TO RESET1
WHENEVER «NOTe EPAR
ESUB= 15
EPAR=18B
CR WHENEVER «NOT. EEL
ESUB = 16
EEL = 1B
OR WHENEVER «NOTe EEID ¢ANDe o«NOT. E2NDPN
ESUB = 17
EEID = 1B
CR WHENEVER «NOTe EAT oANDe E2NDPN
ESUB = 18
EAT = 18
END OF CONDITIONAL
TRANSFER TO €ENTER
R PERIOD IN EQU
WHENEVER oNOTe EPARs A(15sECNT) = NUWORD
EPAREN = O
E2NDPN=08B
EPAR = 08B
EEL= OB
EEID = OB
EAT = 08
ECNT=ECNT+1
WHAENEVER ECNT «Ge 339
ECNT = ECNT -1
PRINT COMMENT SOEQUIVALENCE TABLE LENGTH EXCEEDEDS
END OF CONDITIONAL
WiR PPERs 710 PERET

TRANSFER TO RESET1

R LEFT PAREN IN EQU
CONTINUE

WHENEVER EPARENe.Es 1s EZNDPN=1B
EPAREN=1

WIR NUWORD oFe $ $s T*'0O RESET1

WHENEVER oNOTe. EPAR
ESUB = 15
EPAR = 1B

OR WHENEVER oNOT. EEL
ESUB = 16
EEL = 1B

CR WHENEVER oNOTe EEID
ESUB = 17
EEID = 1B

END OF CONDITIONAL

TRANSFER TO EENTER

R RIGHT PAREN IN EQU

WHENEVER NUWORD +Ee« $ $» TRANSFER TO RESET]

WHENEVER «NOTe EEL
ESUB = 16

CR WHENEVER «NOTe EEID «ANDeeNOTe E2NDPN
ESUB = 17

OR WHENEVER «NOTe EAT
ESUB = 18
EAT = 18

CTHERWISE

ESUB = 19

END OF CONDITIONAL

TRANSFER TO FENTER

A-T1

4400
4410
4450
4460
4470
4420
4430
4440
4480
4490

4500

4510
4520
4530
4540

4570
4580

4620

4640
4650
4660
4670
4680
4690
4700
4710
4720
4730
4740

4750
4760
4770
4780
4790
4800
4810
4820
4830
4840
4850
4860



EENTER

S(34)

S(41)

S5(37)

LISTA

LISTB

A{ESUBs ECNT) = NUWORD
TRANSFER TO RESET1

R EQUAL SIGN IN EQU
ESUB = 14

TRANSFER TO EENTER
R
R N =0 STATEMENT COLLECTION N = 4 FELEMENT DESCRIPTION
R N=1 DESCRIPTION FINISHED N = 5 NAME OF ELEMENT
R N = 2 PERMANENT N =6 BROAD SCOPE PARA.
R N = 3 ANOTHER DESCRIPTION N = 7 ATTACHMENT NAME
R S(36) COMMA S(39) RIGHT PAREN
R S(37)) PERIOD S(40) EQUAL SIGN

R $(38) LEFT PAREN S(41) MORE THAN 6 CHARACTERS
DONE=08

WIR ABRSW +ANDe DCNT oLe 49 T'O ABRINS

DWORD (DCNT)=NUWORD

DCNT = DCNT +1

WHENEVER DCNT oGe 4

PRINT COMMENT $O(ELEMENT DESCRIPTION WORDY#*#%#)$
IFERR2=18

TRANSFER TO NUSTAT

END OF CONDITIONAL

TRANSFER TO RESET1

CONTINUE
R PERIOD ENCOUNTERED

WHENEVER«NOTe DONE

DWORD(DCNT)= NUWORD

LOW = 0
HIGH = 4
THROUGH LISTAs FOR N= LOWs 1s (DWORD(O) eEe PART1(N)
1 «AND . DWORD(1) «Ee PART2(N))
2 +OR. NeGe HIGH

WHENEVER N «Ge HIGH
TeH LISTBy FOR N=LOWs1s ABR2(N) eEe DWORD «ORe N oGe HIGH
WIR N o¢Ge HIGH
PRINT COMMENT SOINCORRECT STATEMENT OR SPELLINGS
TRANSFERTO NUSTAT
E'L
END OF CONDITIONAL
R(#*WHEN N IS LESS THAN OR EQUAL TO HIGHs STATEMENT TYPE
R IS DETERMINEDe) IF NeLEe 4»STATEMENT NEEDS NO FURTHER SCAN
DONE = 1B
WHENEVER NeLF o4 s TRANSFER TO S2(N)
TRANSFER TO RESET1
R
OTHERWISE
DONE = 0B
R(#%#TRANSFER TO STATEMENT TYPE No SEE ABOVE.*)
TRANSFER TO S2(N)
R
R
END OF CONDITIONAL
R
R N = U 1 2 3
VECTOR VALUES PART1 = $STATEMS » SDESCRIS s SPERMANS s SANOTHES »
1SELEMENS » SNAMEOF$ s SBROADSSsSATTACHS»S $
R 4 5 6 7
VECTOR VALUES PART2=SNTCOLLS sSTIONFID»SNTS» SDESCR1%»
1SDESCRIS»SLEMENTS s SOPEPARS s SENTNAMS

A-T2

4870
4880

4890
4900

0170
0180
0190
0200
0320
0330
0340

0370
0380

0420

0450
0460

0480

490
0500
0510
0520
0530
0540

0580

0610

0620
0640
0630
0650

0750
0760
0770
0780
0790
0800
0810
0830
0820

0850




S(36)

5(40)

S(38)
S(39)

S2(3)

S2(4)

$212)

$2(5)

V1S ABR2= SSTINS s BDS!'DS » SPRITS s BAN'SS » SELINS s SNMTS
19y $BR'SS » BAT!SS » $ §

R COMMA IN ELEMENT DESCRIPTION.
CONTINUE
WHENEVER «NOT+ DONE
1s TRANSFER TO S(37)
TRANSFER TO S2(N)
WHENEVER «NOTe DONE
R EQUAL SIGN ENCOUNTERED -~ STATEMENT TYPE NOT DETERMINED
LOW = 5
HIGH =7
DWORD(DCNT)= NUWORD
R USE THE SAME SEARCH AS WHEN A PERIOD IS ENCOUNTERED
TRANSFER TO LISTA
END OF CONDITIONAL
PRINT COMMENT SOILLEGAL EQUAL SIGN ABOVE#*%%x$
TRANSFER TO NUSTAT
R LEFT OR RIGHT PAREN ENCOUNTERED IN ELEMENT DESCRIPTION
CONTINUE
PRINT COMMENT SOPARENTHESIS IMPROPERLY USED IN ELEMENT DESCRI
1PTIONS
TRANSFER TO NUSTAT
R

R DESCRIPTION FINISHED.

CONTINUE

R ANOTHER DESCRIPTIONS FOLLOWS
NOSC(7) = ELNAME

DeT DWORDAs NOSCeeeNOSCI(9)

VECTOR  VALLIIES NOSC=SMO STATEMENT (O
1% 3, $ DESCRIPTIONS

R GO TO DESCRIPTION FINISHED AFTER A STATEME-
R MENT COLLECTION.

SK=2

TRANSFER TO FINISH

c h 4 ~t nen e
Vo I LUVUVLUY N1

R NEW ELEMENT DESCRIPTION FOUND BEFORE LAST
R ONE FINISHED
R

PRINT COMMENT SONEW DESCRIPTION BEGUN BEFORE LAST ONE FINISHE
10s

SK=2

TRANSFER TO FINISH

R

R

R PERMANENT, ENCOUNTERED WITHIN ELEMENT
R DESCRIPTION

R ELEMENT DESCRIPTION IS ASSUMED TEMPORARY UNLESS
R STATED PERMANENT
WHENEVER TELCNT oEo 1
TELCNT = O
PELCNT = PELCNT +1

OTHERWISE
PRINT COMMENT SOPERMANENT ELEMENT CANNOT FOLLOW TEMPORARY ELE
1IMENTS
END OF CONDITIONAL
TRANSFER TO NUSTAT
R
R ELEMENT NAME.
ELN(PELCNT + TELCNT) = NUWORD
ELNAME = NUWORD

A-T3

0870
0880

05060
0910
0920
0930
0940

0950
0970
0980

1030
1040

1090
1100

- o~

1110
1130

1140

LER WA

1100
1170
1180
1190

1210
1220
1230

1300
1270
1280
1290
1310
1320
1330
1350
1360
1370

1410

1430
1440
1450
1480



§2(6)

S2(7)

S52(0)

FINISH

NUEND( Q)
NUEND(1)

NUEND(2)

NUEND(3)
NUSTAT

P'T $S110+C69HA ARERRRXXEEAXD o FLNAME
TELCNT = TELCNT +1

R ELEMENT 1S ASSUMED TO BE TEMPORARY
R
TRANSFER TO NUSTAT
R
R BROAD SCOPE PARAMETER.

EXECUTE BSPARM,
TRANSFER TO NUSTAT
R
R
R ATTACHMENT NAME STATEMENT.
ATS(ATTCNT)= NUWORD
ATTCNT = ATTCNT +1
WHENEVER ATTCNT +Ge 20
ATTCNT = 20
PRINT COMMENT $OQATTACHMENT NAME LIST EXCEEDS TWENTYS
END OF CONDITIONAL
TRANSFER TO NUSTAT

R STATEMENT COLLECTION N=0
R
CONT INUE
TRANSFER TO NUEND(NUSCAN.(NUCHARsNOATS))
R RESETS FOR ELEMENT DESCRIPTION RETURNS
R
CONTINUE
TRANSFER TO NUEND(ENDDES.(QsNOATS))
CONTINUE
CONTINUE

TRANSFER TO NXTSET
R(#%#RETURN TO DECLARATION SECTION#*#%)
CONTINUE

WHENEVER NUCHAR <Ee¢ $.%

I = 72

CTHERWISE

I = =1

END OF CONDITIONAL

K1=0
R(®*%OTHERWISE REMAIN IN THE ELEMENT DESCRIPTION SECTION *E )
CONTINUE

DCNT = 0

HOLCNT = 1

NUWORD = $ $

TRANSFER TO LOOP

R
R #% COMPILOR CONTROL CARDS #*#%
R

VECTOR VALUES DKIND1=SELEMENS y$INPUTPS s SSYNONYS s SCONNECS » SDES
1IRESs SFUNCTIS »SNEWELES»SCALCULS sSNEXTSES» SCHECKOS
2 »SCHECKRS» SCONNECS »sSSYNONYS s SCALCULS
3 9$SAVETAS +SEQUIVAS
4eSSUBSTIS+sSCONFIGS
VECTOR VALUES DKIND2=SDESCRI$»SRAMETES 8585+ STONSSsSRESULTS
1 » SNSUBSTS sSENTTAPS»STIONSS ,SOFDATAS +$TS
2 sSNSISIONS S $,3TIONS
3 9$ES »SENCES
49oSUTIONSS sSRATIONS
VtS ABR1=SEL'NS s SINtSS » SSN*S$ » SCN?!SS » SDS1S% » SFNSS
19 SNWIES » SCL'SS » SNX'AS 5 $CcHITS s SCH'NS » SCN'NS s SSN'M

A-T4

1490
1500
1510
1520
1530
1540
1550

1580
1600
1590
1630
1640
1650

1680
1700
1710
1720

4200
4210

4320

4330
4340
4350

2080
2090
2100
2110

2120
2130
2140
2150




2
R
R
R
R
R
R
R
R
R

R

$ o+ SCL'NS » BSV'ES » SEQ'ES , $SB'SD » SCN10S

CALCULATIONS ON TAPE THREE
PROLOGUE ON TAPE FOUR
FUNCTION DICTIONARY.

CONNEC. INPTPR., EQUIVN, SYNONM, SUBSPT, {IN BUFFER DECK)
CONCKe EQVGENe. INPUT, [INSRT¢C. OCTDEC,

OUTPUT. PLACE. PROLOG. SEQPGM, SYNELM,

SAVET4e SYSTEM. SETEOFe SSORDRe IPRELM.

(CONCK. )

TEMPORARY ROUTINES IN COREle
(SAVET4.)

R(MAIN) FOR FIRST CORE
RINPUT FOR CONNECTIONSs SYNONYMSs INPUT-
RPARAMETERSs DESIRED RESULTS AND DECLARATIONS

R

1

1
2

VOO ~NOWM S N+

1

1
2

PROGRAM COMMON INDEX(99)sAsCH
NORMAL MODE IS INTEGER
DIMENSION B(12)

DIMENSION WORD(11)»

S(429DIMS)

DWORD(4) s PNUM({1)s AMBI(T)sCH(T])
DIMENSION BIT(1)sDCNT(4)sEQER(9)sPARTI(T7)+PART2(7)sPART(T)

9S2(8)sTYPE(T)
*BITS(809DIM3)+MADI(50)
DIMENSION SBIT(1)sSCOPB1(1)sATS(20)sEQUER(9)
DIMENSION PELT(300)9ELN(9%)»FPAR(T11e2PAR(£O)
DIMENSION A(15899:DIM1):PCNT( 1}
DIMENSION SBIT(1)

VECTOR VALUES
VECTOR .VALUES
VECTOR VALUES
VECTOR VALUES
VECTOR VALUES
VECTOR VALUES
EQUIVALENCE

(

(
{
(
(
(
{
(
s {
¢

EQUIVALENCE

THREE= 3

FOUR = &

DIMS = 245746

DIMYl = 254019400

DIM322+5+4

A115600)=SELTAPES

A(15601)sPELCNT Jo( A(15602) 9 TELCNT
A(15603)sPARCNT )o( A(15604)9ELN
A{15700)sFPAR 1ol A(15772)92PAR
FPAR(70)sSCOPB1 )s( FPAR(71)9SCOPB2
A(15852)sTAPEOK )s{ A(15842)sCCNT
A(15843)sSCNT )s( A(15844)sECNT
A(15845) sPCNT Yol A(15847)sFSCNT
A(15848),1D1 ol A(15849)91D2
A(15850)»IFERR1 )s( A(15851)9PRLCNT
A(15853)9sDIM1) »(A(15889)FIVE)
A(15856) sCKRN ol AU15857)9THREE )

* e W w v v ¢ @

ot e it e et e b =

(A{15858) sFOUR )9 (A(15859) »CLDONE)
EQUIVALENCE(A(15870)9B)9LA(15860) sNUWORD)»(A(15861)9SBIT)
EQUIVALENCE(A(B8Q00)+sBITS)s(A(8080)9sATS)»(A(8100)9MAD)

» (ELTPOK s TAPEOK ) s (ATTCNT 9»NOATS)
2»(T4+FOUR)» (SCRAPs FIVE)
EQUIVALENCE (A(15891) sELNAME)
EQUIVALENCE (PELT»A(8200))
DIMENSION ELNAME(1)
EQUIVALENCE (A(15890) sNUCHAR)
DIMENSION VCKk (10}
EQUIVALENCE (A(15900)sVCK)

EQUIVALENCE (

BOOLEAN ABRSW

BOOLEAN PEQL
BOOLEAN PPER

TIME»A(15999))

A-T5

R 1
R 2
R 3
R 4
R 5
R 6
0010
000
0020
0070
0030
E 1



BOOLEAN PEID

BOOLEAN CLDONE

BOOLEAN CATsCELsCTOSCEIDPLP1>

1PLP2s PELs PATs IFERR1s IFERR2s TAPEOKs OUT,
2 sCLC s NTAPEs EOFB » SET4, CKRN

BOOLEAN EPARs EELs EEID» EAT» E2NDPN
BOOLEAN SPARs SELs SEIDs SATs S2NDPNs S1STEQ
BOOLEAN FSNEWsSFSOLDs FSEL

BOOLEAN CPABLE+DONESEQUALSELTPOKsPAREN» THEN
BOOLEAN NUELTP

BOOLEAN ALLSETs PERIOD

BOOLEAN WITH

END OF PROGRAM

A-T6

FELs FSN

0110
0120
0130
0140
0160
019%0




SCOMPILE MADsPUNCH OBJECTsPRINT OBJECT BSPARMOO

EXTERNAL FUNCTION

R'N

ENTRY TO BSPARM,

1 = LOCATE.(NUWORDs FPARs PARCNT)

WHENEVER IelLe O
R {PARAMETER 1S NOT ON F=PAR LiIST YETe)
I = PARCNT

J= 1736

SBIT(J)= INBITL(SBIT(J)s1=-J%3691)

EXECUTE PARCK« (1)
R{#*PARCNT [S INCREMENTED IN PARCK. SUBROUTINE.)
R (SBIT IS TEMPORARY SCPE BIT FOR THE ELEMs)
OTHERWISE

J= 1736
1= 1-U%36
WHENEVER oNOTs IFBIT.(SCOPB1(J)sI)
PREV = NUWORD
P'T FOMAT sPREVeeoePREV(T)
CTHERWISE
SBIT(J)= INBITL(SBIT(J)slsl)

END OF CONDITIONAL

END OF CONDITIONAL

VECTOR VALUES PREV=$ $,% IS NARROW SCOPE BY PREVIOUS ASSERTIO
INed®

FUNCTION RETURN

R #u%##COMPILER CONTROL CARDS###%
PROGRAM COMMON A

VS FOMAT=$1H0+22C6*S

DIMENSION A{15999)9SBIT(1)95COPB1(1)s FPAR(71)9ZPAR(69)
NORMAL MODE IS INTEGER

EQUIVALENCE(A(15700)sFPAR) s (FPAR(70)+SCOPB1)

1 s(A(15603)sPARCNT)» (A(15861)9SBIT)

2 »(A(15860) sNUWORD)» {Al{15772)»ZPAR)

BOOLEAN IFABIT.

BOOLEAN IFBIT.

END OF FUNCTION

A-T1



SCOMPILE MADsPUNCH OBJECTSPRINT OBJECT CONCKOO0O

cK3

CK4
EQIN

CKS

EXTERNAL FUNCTION
R'N

R CHECK FOR AMBIGUOUS OR REDUNDENT CONNECTIONS ###8% %5 un%u
R EXECUTE BEFORE CORE CHANGE AND AFTER EOF1

ENTRY TO CONCK.

THROUGH CKsFOR VALUES OF CKA=014

THROUGH CKs FOR CKB=0s19sCKBeGGEe COCNT

WHENEVER A(33+CKASCKB)eEed $sA(33+CKAsCKB)I=3$19

THROUGH CKs FOR CKC=0949CKCeGe 4e0Re CKA oGEs ¢

THROUGH CKs FOR CKD= CKB+191s CKDeGEe CCNT

THROUGH CK3s FOR CKI=0s1l9 CKI+GEe &

WHENEVER A(31+CKA+CKIsCKB)eNEsA(31+CKA+CKI+CKCsCKD) » TRANSFER
1 TO CK

WHENEVER CKIeEe3s EXECUTE CKPRNT,

CONTINUE

THROUGH CK4e* FOR CKI=0s19 CKI4GEe 4

WHENEVER A(35+CKI-CKAsCKB)eNEe A(35+CKI-CKA-CKCsCKD)
P*T FORM» CKBs CKD

VIS FORM=$SH*O INCONSISTENT CONNECTION LINES— *+,216%%
IFERR1=18

TRANSFER TO EQIN

END OF CONDITIONAL

CONTINUE

CCNT=CCNT -1

P'T FORM1 sCCNT

V'S FORM1=3H*OCCNT LOWERED TO *+16%%

THROUGH CK5s FOR CKI=31s1s CKleGEe 39
A(CKIoCKD)I=A(CKI»CCNT)

CONTINUE

FUNCTION RETURN

INTERNAL FUNCTION

ENTRY TO CKPRNT.

P'T FOMATsCKlAeeeCK1lA(4)

EXECUTE DPRINT.(SCOUNTSSsCKAs4)

FUNCTION RETURN

END OF FUNCTION

VECTOR VALUES CK1A=$ $,3CKAS»SCKBS»SCKCS9»3CKDS
EQUIVALENCE (VI0)sCKA)»(V(1)sCKB)»(V(2)9CKC)s(V(3)9sCKD)

DIMENSION V(4)

R #2#COMPILER CONTROL CARDS i b A A
R DEFINITION OF A(3990)eeeA(399399)

VECTOR VALUES A(15600)=3%ELTAPES

EQUIVALENCE ( A(15601)sPELCNT )s( A(15602)s TELCNT

( A(15850)9IFERR1 )s( A(15851)9sPRLCNT
o( A(15853)sDIM1)

EQUIVALENCE (PELT»A(8200}))

VECTOR VALUES DIM1 = 2,401,400

NORMAL MODE IS INTEGER

DIMENSION A(15999sDIM1)sPCNT (1)

BOOLEAN IFERR1s TAPEOK

PROGRAM COMMON A

Yo
1 { A(15603)sPARCNT j)s( A(15604)9ELN )
) { A(15700)sFPAR Yol A(15772)sZPAR )
3 ( FPAR(TO)+sSCOPBY )s( FPAR(T71)sSCOPB2 )
4 ( A(15852)sTAPEOK )s{ A(15842)9sCCNT )
5 ( A(15843),SCNT })ol A({15844)9sECNT ) e
6 ( A(15845)PCNT )ol AU1584T)sFSCNT )
7 ( A(15848)921ID1 )o( A(15849)91D2 )y
8 )
9

A-T8

4920
4930
4940
4950

4970

5010

5020
5021

5030

5050

5100
5110
5120
5130
5140

5160
5170
5180

-030
0070




R

V'S FOMAT=$1H0+22C6%*%
DIMENSION PELT(300)sELN(95) sFPAR(T71)9ZPAR(69)

END OF FUNCTION
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$SASSEMBLEsPUNCH OBJECT DP-PACKO
ENTRY DFMP s DFDP sDPFSB sDPFADsDPFDP s DPFMP
DFMP CALL ERROR

DFDP EQU DFMP

DPFSB EQU DFMP

DPFAD EQU DFMP

DPFDP EQU DFMP

DPFMP EQU DFMP
END
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SASSEMBLEsPUNCH OBJECT IFINBITO
ENTRY INBIT
ENTRY IFBIT
INBIT SLN 1 RSLT = INBIT<{(WORDsJsBIT)
CLA 394 THE VALUE OF BIT PLACED IN THE JTH POSITION OF WORD,.
STA BIT
SLT 1
IFBIT SLN 1
SXD XRA»s1
CLA 24
STA #+4]
LXA ##%,]
CLA 194
STA WORD1
STA WORD2
CAL MASK1
SLT 1
XRA TXL BIT»040
ALS 3591
WORD1 ANA ##
TZE EXIT+1
CLA MASK1
TXL EXIT+19090
8IT ANA %
SLw COMMON
WORD2 CAL *=
LRS 35,1
ANA MASK2
ORA COMMON -
LLS 35,1
SLW COMMON
EXIT CLA COMMON
LXD XRAs1
TRA 394
MASK1 OCT CJ0000000001
MASK2 OCT =-37777717777176
COMMON SYN -1
LAST BSS O
END
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$SASSEMBLESPUNCH OBJECT
ENTRY INPUT

INPUT CLA
STD
ADD
STA
CLA
STA
SXD
CALL
EOFA  TIX
CALL
TIX
AXT
AXT
NEXT  AXT
CAL
SPLIT LDQ
LGR
CHA sTQ
TX1
TIX
TXL
TXI
ouT AXT
AXT
WM CLA
WGRDA STO
TX1
TIX
LXD
TRA
XRe PZE
BLNK  BCD
B8 BSS
END

194

EOFA
INPUT
CHA

24
WORDA
XRCr4
SCARDS
BsOow*
SPRINT
B~1+s0s13
092

7291

694
B+lls2
BLNK

6

”'l"l
%419]l9-1
SPLITe491)
OUTel sl
NEXT» 291
Os1

1292
B+1292
"*.1
#4191l
WMe29 1
XRCs4
394
Oy

INPUTOO0O0

EXECUTE INPUTe(CHeeoEOFLBL »WORD)
EOFLBL

ADD ONE

CH

READ ONE CARD

PRINT ONE CARD

NEXT YORD FROM B REGION

CH+1 WILL BE IN ADDRESS.

CONUNTS LETTERS.

PUTCARD INTO WORD REGION

RETURN
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SASSEMBLEsPUNCH OBJECT INSRTCOO
ENTRY INSRTC

ENTRY EXTRC

INSRTC SLN 1 RSLT = INSRTC.(WORDs Js CHAR)
CLA 394 CHAR IS PLACED IN THE JTH POSITION OF WORD.
STA CHAR
SLT 1

EXTRC SLN 1 RSLT = EXTRCe (WORDs J)

SXD XRB8s2 RSLT IS THE CHARACTER EXTRACTED FROM THE JTH
CLA* 294

PAX 092
CAL™® 194
SLT 1
XRB TXL IN1+0+0
LDQ BLANKS
BACK1 TXH CJT1s295
ARS 6

TXI BACK1ls2s1
ouT1 LGL 30

SLW COMMON

TXL EXIT90s+0
INY SLW COMMON
CHAR LDQ ®»

CAL MASK

DAL &

TSN

COUNT TXH CUT2s295
ALS 6
TX1 COUNT-1+291
ouUT?2 STQ COMMON-1
cOoM
ANS COMMON
cOoM
ANA COMMON-1
ORS COMMON
EXIT CLA COMMON
LXD XRBe2
TRA 394
BLANKS BCD 1
MASK OCT 000000000077
CCMMON SYN -1
LAST B8SS O
END
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SCOMPILE MADPUNCH OBJECT»PRINT OBUECT IPRELMOO

LOOPA

EXTERNAL FUNCTION

RN

ENTRY TO IPRELM.
R SET UP BIT PATTERNS FOR DESIRED RESULTS AND INPUT PARAMETERS

BRIEF DESCRIPTION OF IPRELM (INPUT PARAMETER-DESIRED
RESULT ELEMINATION)e THE LIST OF PARAMETERS 1S SEARCHED
FOR THE PARAMETER ON THE INPUT PARAMETER LIST. WHEN THE
PARAMETER IS KNOWNs THE CONNECTION MATRIX 1S THEN
SEARCHED UNTIL A ROW IN THE CONNECTION MATRIX MATCHES
THE ROW IN THE INPUT PARAMETER LISTe A BIT IS PLACED IN
R/A/s WHICH CODES THE ROW OF THE CONNECTION MATIIX WITH
R THE LOCATION OF THE PARAMETER ON THE PARAMETER LIST
R THE SAME PROCESS IS REPEATED FOR THE DESIRED RESULT LIST
PROGRAM COMMON A
VIS FOMAT=$1HO0922C6%*$
DIMENSION A(15999sDIM1)s ERR(8)
VECTOR VALUES DIM1 = 244019400
DIMENSION PCNT (1)
R
BOOLEAN OCCURS
R DEFINITION OF A(39+0)eeeA(399399)
VECTOR VALUES A(15600)=SELTAPES
EQUIVALENCE ( A(15601)sPELCNT )s{ A({15602)s TELCNT
( A(15603)sPARCNT )»( A(15604)sELN
A(15700)sFPAR )ysl AL15772)sZPAR
FPAR(70)9SCOPB1 )s( FPAR(T1)s5SCOPB2
A(15852)sTAPEOK )s{ A(15842)9CCNT
A(15843)sSCNT Yol A(15844)sECNT
A(15845) sPCNT )l A(15847)9FSCNT
A(15848)91D1 )ol A(15849)1D2
( AC(15850)sIFERR1 )s( A(15851)9sPRLCNT
DIMENSION PELT(300)+ELN(95)sFPAR(71)9ZPAR(69)
NORMAL MODE IS INTEGER
BOOLEAN IFERR1
EQUIVALENCE (A{(12400)5A31)9(A(12800)9A32)5(A(13200)9A33)
10A013600)9A34)9(A(14000)9A35)s(al16400)95A36)9(A(14800)2A37)>
2(A(15200)9A38) »(A(15600)9+A39)
DIMENSION A31(1)9A32(1)9A33(1)9A34(1)0A35(1)9A36(1)2A37(1)>
1A38(1) 2A39(1)
DIMENSION FPAR(70)
DIMENSION CHECK(2)
EXECUTE PLACE«( A(23+0)s 3200,0)
R COLUMN &4 ~ INPUT PARAMETERS
coL = &
THROUGH LISTSs FOR VALUES OF K=23,25
WHENEVER KeEe259COL=9
THROUGH LISTSs FOR I=0s191eGE, PCNT(K/25)
THROUGH LOOPAs FOR Js0s1ls J oGEe PARCNT .ORe A(COLsI) oEe
1FPAR(J)
WHENEVER JoE<PARCNT
VECTOR VALUES ERR = SUNKNOWN PARAMETER ATS

VDDV D

O~NOWVEWN -
_—~ e~~~ —~—

— e P it vt P St P
* @ v ® * @ v @

ERR(4) = A(COLsI)
ERR(5) = A(COL+1»y1)
ERR(6) = A(COL+2s1)

ERR(7) = A(COL+3»1)
ERR(8) = A(COL+4+1)
P'T FOMATsERRee«ERR(8)
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0370
0010

20
0030
0040
0050
0060
0070
0080
0090
0100
0110
0120

0130
0140
0170

0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340

0350

0360

0390
0400
0410
0420
0450
0460
0470

0490
0500
0510
0520
0530
0540
0550




LISTS]
LISTS

IFERR]1 =18
TRANSFER TO LISTS

END OF CONDITIONAL
TEL = A(COL+1s1)
TEID = A(COL+2s1I)
TAT =z A(COL+3s1)
TAID = A{(COL+4s])
OCCURS = 08

THROUGH LISTS1s FOR L=0s1sLeGEe CCNT

WHENEVER (TAIDeEeA34(L)
l1e.ANDe ( TAT o Ee A33(L)
2¢ANDe ( TEIDeEse A32(L)
3¢ANDe ( TEL eEe A31(L)

R
JMOD = J/36

+ORe.
+OR.
+OR e
+OR

TAID
TAT
TEID
TEL

.E.
.Eo
oEs
oEo.

L B B )
AN A

A(K+JUMODsL) = INBITe(A(K+IMODsL) 9J-IMOD*36s 1)

OCCURS = 18

END OF CONDITIONAL
WHENEVER (TAIDsEs A38(L)
1 «ANDe (TAT oEe A3T(L)
2 eANDe (TEIDeEe A36(L)
34AND, (TEL oFe A35(L)})
JMOD = J/36

+OR.,
+OR.

TAID
TAT

«ORe TEID

+CR.

T

EL

oEes S

— o

$ )
oEe $ 5 )
$ )

oEe 9
oEe $ %

A(K+JIMODsL) = INBITo({A(K+IMOD L) 9 J~IMOD*36s 1)

OCCURS = 1B
END OF CONDITIONAL
CONT INUE
W!'R NOT. OCCURSs P'T FOMA

CONTINUE

VECTOR VALUES NO(5) = SDOES NOT OCCUR ON CONNECTION LISTS
EQUIVALENCE (NOSTEL)»(NO(1)sTEID)»(NO(2)sTAT)s(NO(3)sTAID)

EQUIVALENCE (PELT»A(8200))
FUNCTION RETURN
END OF FUNCTION
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0570
0580
0590
0600
0610
0620
0630

631

0690
0700
0710
0720

740
0750
0760
0770
0790
0800
0810
0820
0830
0840
0850
0880
0890

900
0920
0930

0940




$ASSEMBLEsPUNCH OBJUECT
ENTRY LOCATE

LOCATE CLA*
ADD
PAX
CLA
STA
ADD
STA
CLA®
COMP2 CAS
TRA
TRA
COMP CAS
TIX
TRA
TIX
EQUAL PXA
sup
TNZ
suB
TRA
FIRST CLA
TRA
ZERO PZE
TRA
ONE PZE
END

CNE

394
ONE
092
24
COMP2

COMP
194

»* %

cOomMP
FIRST
*iy 2
#=19291
EQUAL
#=392091
Os2

ONE

44

ONE

494
ZERO
bhob

(o}

HLel

LOCATEOQOO

LOCATE.(WORDs LISTs COUNT)

LIST ADDRESS PLUS ONE

WORD

WORD FOUND AT THIS LOCATION PLUS 1
IF WORD NOT ON LIST ACCUMULAROR WILL BE NEG
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SASSEMBLE»PUNCH OBJUECT
ENTRY AND
ENTRY NOT
ENTRY OR
ENTRY XOR
ENTRY THEN
ENTRY EQV

HOOK

HGOK 1

EQvV

THEN

NOT

OR

AND

R1
R2

LAST

CAL*

SLw

CAL*®

SLW
TRA
TSX
ORA
cCOM
SLW
CAL
ANA
ORS
TRA
TSX
COM
ORA
TRA
TSX
ANA
COM
SL

CAL
ORA
ANS
TRA
TSX
COM
TRA
TSX
ORA
TRA
TSX
ANA
SLW
CLA
TRA
BSS
SYN
END

294
c-2
1¢4
Cc-1
1,2
HOOK ¢ 2
Cc=-2

R1
HOOK 2
C~-2

R1
HOOK 9 2
c-2

C

C
294
o]

-1

W1leOReW2
oNOTe (W1eORW2)

W1,AND.W2

(W1 eANDeW2)oORe{ eNOTo(W1eOReW2))

eNOT oW1
oeNOTeW1eORaW?2

WleANDeW2Z
oeNOTe{WleANDW2)

{W1+0ReW2)

(W1eOReW2)osANDe (o NOTo(W1sANDW2)

NOT oW1

W1.0RW2

W1 AND W2
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$COMPILE MADPUNCH OBJECTPRINT OBJECT LPRINTOO

EXTERNAL FUNCTION(HEADs LISTs COUNT)
R'N
ENTRY TO DPRINT,
K=12
P*T FOMAT »HEAD
THROUGH B FOR 1=0912s 1eGEe COUNT
WHENEVERCOUNT-1eLEe 12» K= COUNT -I
THROUGH Cs FOR J=Is1s JeGEe K

c LINE(J) = LIST(Y)

B P'T FOMATsLINE(T) eeeLINE(I+K=])

FUNCTION RETURN
NORMAL MODE IS INTEGER
DIMENSION LINE{(12)
PROGRAM COMMON A
V1S FOMAT=$1HO0»22C6*S
DIMENSION A(15999)
EQUIVALENCE (A(15858)s FOUR)» (A(15601)s PELCNT)»
1 (A{15602) s TELCNT)s(A(15603)sPARCNT)
EQUIVALENCE(A(15700)sFPAR)»(A(15772)19ZPAR )
12 (A(15604) ELN)
END OF FUNCTION
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$ COMPILE MADsPUNCH OBJECTsPRINT OBJECT

EXTERNAL FUNCTION( ARG1sARG2)
R'N

ENTRY TO NUSCANe.
NUCHAR=ARG1
NOATS = ARG2
IFERR2 = 0B
CPABLE = 0B
MADCNT = O

SCCNT = 0

PERIOD = 0B
PAREN = 0B
ALLSET = 08

THEN = 08

SAT = 0B

WITH = 0B

EOFB = 0B

DWORD = % $
NOATT = % $
BIT(0) = O
BIT(1) = O

J =20

TRAP = 0B
BOOLEAN TRAP
TRAPl= 1B
BOOLEAN TRAP1
ABRSW=0B
BOOLEAN ABRSW
W'R CKRN

PRINT COMMENT $ONUSCANS
ErL

R SCAN USED IN STATEMENT COLLECTIONS.

R

EXECUTE PLACE«(BITSs80,0)
WHENEVER NUCHARGSNE. $.3sTRANSFER TO CARDIN

NUSCANOO

R(%* IF ABCVE IS TRUE8 THE NEXT CARD IS ALREADY IN CORE.

READ2 EXECUTE INPUT«(CHeesEND1s WORD)
WIR CH +Ee 318%
CPABLE=08B
TRAP1=18B
E'L
CARDIN CONTINUE
HOLCNT =1
NUWORD = 8 $
DCNT = 0
WHENEVER CH +Ee $/8» TRANSFER TO READ2
THROUGH STMNTs FOR SI = Osls SI «Ge 71
SCPCN1 CONTINUE
NUCHAR = CHI(SI)
W'R STIeEeO ¢AND oNUCHAR o¢EoS$1%
NUCHAR = $ $
CPABLE = 0B

TRAP1= 1B
E'L

WHENEVER NUCHAR oEe $ $» TRANSFER TO STMNT

SCPCNT TeH SCPCNTs FOR SKK = 091 3sNUCHARGE«PUNCT(SKK)eOR¢SKKeGe&

R{®EPUNCT LIST IS » o ( ) =
W'R SKKeEel®» TRAP1 = 0B
W'R SKK eLEe3

A-89

1740
1750

1760

1770
1780

1790

1800



TYPES

ABRF1

W'R SKKeEe3s TRAP1 = 1B

WHENEVER +NOTe CPABLEs TRANSFER TO PART(SKK)

TRANSFER TO TYPES
R
R
C'R SKKeE et
TRAP1 = OB
TRANSFER TO MADOUT
R
CTHERWISE

NUWORD = INSRTC, (NUWORD»HOLCNT s NUCHAR)

HOLCNT = HOLCNT+1
W'R NUCHAR oEe¢ $'S$
ABRSW=18
O'R ABRSW
ABRSW=0B
HOLCNT=7
E'W

WHENEVER HOLCNT«Ge 6

W'R CKRN

WIR TRAP1s PRINT COMMENT $O0TRAP17%

EfL
TRAP = 1B

DWORD(DCNT) = NUWORD

DCNT = DCNT +1
SI=S1+1

NUWORD = $ §

HOLCNT = 1

WHENEVER «NOT, CPABLE>

TRANSFER TO TYPES

END OF CONDITIONAL
END OF CONDITIONAL
TRANSFER TO STMNT
R
R

TRANSFER TO TYPEC

THROUGH TYPESs FOR SK=0s1s(STYPEL1(SK)eE«DWORD(0)})

2 +ORe SK
W'R SK oGe 2

T*H ABRF1ls FOR SK=0»s1» ABR
E'L

WIR SKeEeO

TRAP1 = 1B

WIR CKRN

PRINT COMMENT SOTRAPSKS
E'L

OTHERWISE

TRAP1 = 0B

E'L

eGe 2

(SK) eEoe

DWORD

+ORe

WHENEVER SKeGe 29 TRANSFER TO MADOUT

W!R SKeEel

NUCHAR = 5.5

TRAP1 = 0B

E'L

TRANSFER TO FINISH

R
R
R SK =

VECTOR VALUES STYPE1=SSTATEMS ¢SDESCRIS sSANOTHES»S $»

1SESTIMAS SCOMPUTSsSWITHOUS

0
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1

2

SK

eGe

2

1940
1950

1980
1990
2000
2010
2020

2030

2040
2050
2070
2080
2090

2100
2110
2120
1870
1880

1910

2130
2140
2150

2180



PART(O)

TYPEC

SCAN

ABRF2

PARNAM

TRAPED

1
R

R
R

1

R

s SELEMENS
4 5 6

VECTOR VALUES STYPE2=SNTCOLLS +STIONFIS+SDESCR1IS

CAPABILITY STATEMENTs COMMA ENCOUNTERED

V1S5 ABR=SSTINS s BDS'DS 9 SANISS » $ $ » SES'ES

SWT!'TS o+ BEL'NS
CONTINUE
WIR TRAP«ANDeTRAP1
TRAP = OB
NUWORD = DWORD(O0)
DCNT = 0
DWORDI(0) = & §
WIR SKKeEe2» T'0O PARNAM
T*O TRAPED
E'L
WHENEVER NUWORD « Ee¢ $ §
TRANSFER TO RESET2
OR WHENEVER NUWORD oEe
THEN = 18
TRANSFER TO NUSTA2

$THENS

CHECK ESTIMATEs COMPUTEs AND WITHOUT 4 5 6

CTHERWISE

s SCMI'ES »

T*H TYPEC» FOR JK=&sls STYPE1(JK) oEe DWORD «ORe UK oGe 6

W'R UK JLEa. A

SIi=S1+1

WIR UK oEe 49 SI=S1+1

TeH SCANs FOR SKK=0sls SKK .G,
WIR SKK ¢Ge 49 SI=SI-1
TRAP1=08

DCNT=0

THEN=18B

DWORD=0

T'0 PART{JK)

E'L

T'H ABRF2s FOR JK=491s ABR(JUK)
W'R UK oLEe 69 T'O SCAN

W'R CPABLEs T*'O TYPES

W'R NUCHAR oNEe $33s T'0O SCPCN1

END OF CONDITIONAL
W'R TRAP<AND. TRAP1
NUWORD = DWORDI(0)

DCNT = O
TRAP = 0B
E'L

WHENEVER «NOTe PAREN

eEe DWORD oORe JK oGe 6

A PARAMETER NAME IN CAPABILITY STATEMENT

BIT(JMOD)y J-36%JMODs 1)

CONTINUE
SAT= 0B
WHENEVER NUWORD.E+$ $» TRANSFER TO RESET2
CONTINUE
W'R CKRN
W'R TRAP1s» PRINT COMMENT SOTRAPEDS
E'L
J=PARCK e (J)

JMOD = J/36

BIT(JMOD) = INBIT(
OTHERWISE
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2170
2190
2200

2240

2250

22170

2280
2290

2300

2420

2430
2460
2470
2480
2490



R(*% AN ATTACHMENT NAME®*%)

ATTNAM

ATTERR

CONTINUE

WI'R NUWORD oEe $ $+ANDseNOT,TRAP»T*O RESET2
W'R TRAP <ANDe DWORD(O) +Ee $ §

TRAP = 0B

T'O RESET2

E'L

WHENEVER SAT

BITS(IATs1)=INBIT«(BITS(IAT91)935s1)

SAT=08B
OTHERWISE
SAT=18B
W'R TRAP
1 = LOCATE.(DWORD(O)sATSIsNOATS)
TRAP = OB
CTHERWISE
1 = LOCATEs (NUWORDs ATSs NOATS)
E'L
WHENEVER I «GEes O
1AT=1
WHENEVER oNOT. THEN
BITS(190)=0R(BIT(0)sBITS(1+0))
BITS(I+1)=0R(BIT(1)sBITS(I91))
OTHERWISE
BITS(192)=0R.(BIT(O)sBITS(1s2))
BITS(193)=0R.(BIT(1)+BITS(1+3))
END OF CONDITIONAL
BIT(O) 0
BIT(1y 0

OTHERWISE
CONTINUE
NOATT = NUWORD
PtT FOMAT sNOATToee ¢NOATT(4)

R(##SKIP TO NEXT ELEMENT DESCRIPTION,)

DV D

PARTI(1)

SK=2
EXECUTE SKPDESe
TRANSFER TO FINISH
END OF CONDITIONAL
END OF CONDITIONAL
END OF CONDITIONAL
VECTOR VALUES NOATT= $ $33% NOT ON ATTACHMENT LISTS
TRANSFER TO RESET2

CAPABILITY STATEMENT DECOMPOSITION

PERIODsCAPABILITY FINISHED.
CONTINUE
TRAP = 0B
CPABLE = 1B
PERIOD = 1B
DWORD=$ $
T*O0 READ2
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AN ATTACHMENT NAME FOLLOWED BY AN IDENTIFIER

2500

2510
2550

2560
2570
2580
2590
2600
2610
2620
2630
2640
2650

2660

2680

2690
2700
2710
2720
2730
2740
2750

2760




R LEFT PAREN 2810
PARTI(2) CONTINUE

W'R TRAP.AND.TRAP1
PAREN = 1B
T'0 PART(O)
CTHERWISE
TRAP = 0B
PAREN = 1B
i WHENEVER WITHs» TRANSFER TO RESET2
TRANSFER TO PARNAM 2840
EvL
R RIGHT PAREN 2850
PART (3) CONTINUE 2860
WHENEVER oNOT+ PAREN 2880
PRINT COMMENT SOERRORS
TRANSFER TO NUSTA2
CTHERWISE 2910
PAREN = 0B
WHENEVER WITHsTRANSFER TO WITHOT
TRANSFER TO ATTNAM 2920
END OF CONDITIONAL 2930
R EQUAL SIGN NOT OBSERVED HERE. 2940
R COMPUTE 2950
‘ PART(5) CONTINUE
TRAP = 0B
BIT(1)=INBIT.(BIT(1)93451)
THEN=1B
TRANSFER TO RESET2
R ,
PART(4) CONTINUE
TRAP = 0B
THEN = 18
WIR CH(SI) oFoeSe$
CPABLE = 1B
PERIOD = 1B
EeL
TRANSFER TO RESET2 3010
R WITHOUT 3020
PART(6) CONTINUE
WITH = 1B
W'R CH(SI) oFe $($s SI=SI-1
TRANSFER TO RESET2
WITHOT CONTINUE
WITH=0B
W'R TRAP
J = LOCATE.(DWORD(0)sATSsNOATS)
TRAP = 0B
OTHERWISE
J = LOCATE«(NUWORDsATSsNOATS)
Ee'L
WHENEVER J.GEe 0
BITS(Js3)=INBIT,(BITS(Js3)935+1)

ESTIMATE 2980

| NUWORD = § § 3060
‘ DCNT = 0 3070
OTHERWISE

TRANSFER TO ATTERR

END OF CONDITIONAL

TRANSFER TO RESET2 3080
R 3090
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FINISH

BITPR

TYPE(Q)

TYPE(1)
TYPE(2)

R

R

ENTRY TO ENDDES,
NOATS = ARG2
W'R CKRN
PRINT COMMENT $OENDDESS
EtL
CONTINUE
W'R CKRN
PRINT COMMENT SOFINISH$
E'L
THEN = 08
WHENEVER NOATSeLEe 19 NOATS=1
K = (NOATS ) ¥4-]
WHENEVER oNOTe ALLSET
ALLSET = 1B
WRITE BINARY TAPE T4s ELNAMEs NOATS
WRITFE BINARY TAPE T4sATS(0)ee o ATSINOATS-1)
SCCNT=0
SCOPB1 = SBIT(O)
scopB2 = SBIT(L)
P'T FOMATSELLNAME
P!'T BITP»$SSCOPBTS»SCOPB19SCOPR?2
END OF CONDITIONAL
WRITE BINARY TAPE T4s BITS(0)eeeBITS(K)
T'H BITPRs FOR 1=091914GeNOATS -1
PRINT FORMAT BITPs ATS (I1)sBITS(190)eeeBITS(193)
VIS BITP = $1H C694(S29K12)%$
CONTINUE

SCCNT = SCCNT +1
MAD(SCCNT ) = MADCNT
MADCNT = O
EXECUTE PLACE«(BITSsK+1+0)

NEXT STATEMENT COLLECTION SETUP
TRANSFER TO TYPE(SK)
BIT(O) 0
BIT(1) 0
CPABLE oB
PERIOD oB
DWORD(1)
DWORD (0Q)
TRAP = 0B
TRANSFER TO READ2

DESCRIPTION FINISHED OR ANOTHER FOLLOWS.

" nhH AN

$ 3
$Ss

CONTINUE

CONTINUE

END OF FILE TAPE SCRAP

REWIND TAPE SCRAP

PRINT COMMENT SORCNO COLNOS

ALLSET = 0B

END OF FILE TAPE T4

NELNAM = NOT. (ELNAME)

WRITE BINARY TAPE T&4sNELNAM

EXECUTE SETEOF«(ERRT3)

THROUGH CARDMAs FOR I = 19)ls | oGe SCCNT
WRITE BINARY TAPE T&4s MAD(I)s 1

P'T $216%5 ,MAD(1) ]

THROUGH CARDMAs FOR J=1919 JeG, MADI(I)
READ BINARY TAPE SGCRAP»s WORD(0Q)eeeWORDI(11)
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3100

3180
3220
3190
3200

3230
3240
3250
3260
3270

3290
3300

3360

3340

3370
3380

3390
3400



CARDMA
FILE

NUCAR2
NUSTAZ2
RESET2

STMNT

ERRT3

MADOUT

READ3

PUNCT3

W'R CKRN

P'T FOMAT sWORD4 o +WORD(11)

E'L

WRITE BINARY TAPE T4s WORD(O) ..o WORD (11)
END OF FILE TAPE T4

REWIND TAPE SCRAP

FRINT COMMENT $6%

NOATS=0

SCCNT = 0

1=s1

WHENEVER EOFBs FUNCTION RETURN 1
FUNCTION RETURN 2

DIMENSION DWORD(4)

R RESETS FOR ELEMENT DESCRIPTION RETURNS

Si=71

DCNT=0

HOLCNT = 1

NUWORD = $ §

CONTINUE

W'R CPABLEs T'0O MADOUT

WHENEVER o¢NOTe PERIODeANDeeNOT.CPABLEs TRANSFER TO PART(1)
TRKANSFER TO READ2

CONTINUE

PRINT COMMENT SOEND OF FILE ON SCRATCH TAPE - [MPROPERLY FOURN
10 IN FINISHING ELEMENT DESCRIPTION.S

IFERR1= 1B

EXECUTE SETEOF.{(0)

TRANSFER TO FILE

WRITE BINARY TAPE SCRAPy WORD(0O) eee WORD (11)
W'R MADCNT oEe¢ O

PtT ST106sH®*STATEMENT COLLECTION *[3%#$,SCCNT+1
E'L

TRAP1 = 0B

MADCNT = MADCNT+1

TRANSFER TO READ2

INTERNAL FUNCTION
EQUIVALENCE(EOF2+EO0FL2)

ENTRY TO SKPDES.

W'R CKRN

PRINT COMMENT $SOSKPDESS

E'L

1=0

EXECUTE INPUT ¢(CHeo«EOF292WORD)

I= I+1

WHENEVER CHeE«$/$9TRANSFER TO READ3
THROUGH ST1+ FOR SI=0919SIeGEs 72
NUCHAR= CHI(ST)

WHENEVER NUCHARJEe+ $ $sTRANSFER TO ST1
THROUGH PUNCT3s FOR K=0919KeGe 4eORPUNCT(K)oeEe NUCHAR
W'R NUCHAR oEs $'S$

ABRSW=18B

C'R ABRSW

ABRSW=08

HOLCNT=6

E'L

WHENEVER KeLE«4eOReHOLCNT.Ge6
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TYPECK

STy

RESET3

EOFL2
RETRN

THROUGH TYPECKs FOR VALUES OF K=19297

WHENEVER STYPE1(K)eEe NUWORD » TRANSFER TO RETRN

W'R ABR
CONTINU

(K} eEe NUWORDs T'O RETRN

E

TRANSFER TO RESET3
END OF CONDITIONAL
= INSRTC+ (NUWORDs HOLCNTsNUCHAR)
HOLCNT = HOLCNT+1

NUWORD

CONTINU
NUWORD=
HOLCNT

E
$ 3
= 1

TRANSFER TO READ3

EOFB= 1
P¢T SKI

V1S SKIPPD=315+H* CARDS SKIPPED IN THIS ELEMENT DESCRIPTION¥#*

1$
SI=0
IFERRZ=

B
PPD» 1

18

FUNCTION RETURN
END OF FUNCTION

R

PROGRAM COMMON AsCH
VIS FOMAT=%1H 21C6#*$
NORMAL MODE IS INTEGER
DIMENSION B(12)
DIMENSION END1(12)
DIMENSION WORDI(11)s

15(42+D1

1

VECTOR
VECTOR
VECTOR
VECTOR
VECTOR
VECTOR

MS)»

DWORD(4)s PNUM(1)s AMB(T)sCH(T1)
DIMENSION BIT(1)9EQER(9)sPART1(7)sPART2(T7)sPART(7)

252(8)s TYPE(T)
'B8ITS(80+DIM3) s MAD(50)

DIMENSION SBIT(1)9sSCOPB1(1)sATS(20)sEQUER(9)
DIMENSION PELT(300)+ELN(95)sFPAR(T1)92ZPAR(69)
DIMENSION A(15999sDIM1)sPCNTI(1)

VALUES
VALUES
VALUES
VALUES
VALUES
VALUES

EQUIVALENCE

VOO S WA

P e e e

(
2 (

THREE= 3

FOUR = &

DIMS = 24746

DIM1 = 2,401+400

DIM3=2+544

A(15600)=SELTAPES

Al15601) sPELCNT )ol A(15602)9s TELCNT
A(15603) PARCNT )l A(15604)9ELN
A(15700) sFPAR )sl A(15772)9ZPAR
FPAR(70)+sSCOPB1 )s( FPAR(T1)9»SCOPB2
A(15852)sTAPEOK )s( A(15842)9sCCNT
A(15843) » SCNT Yo( A(15844)ECNT
A(15845) sPCNT yo( A(15847)sFSCNT
A(15848)+1D1 )sl A(15849)»1D2
A(15850) s IFERR1 )sl A(15851) sPRLCNT
A(15853)+DIM1)s (A(15889)sFIVE)

EQUIVALENCE (PELT»A(8200))
EQUIVALENCE (A(15890) sNUCHAR)
EQUIVALENCE (A(15891)»ELNAME)
CIMENSION ELNAME(1)

CIMENSION VCk(10)

EQUIVALENCE (A(15900)sVCK)

EQUIVAL
1

ENCE (

A(15856) »CKRN )ol A(15857)9THREE

(A(15858) s FOUR )»(A(15859) » CLDONE)
EQUIVALENCE(A(15870)9B)s(A(15860) syNUWORD)»(A(15861)9+SBIT)
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1EQUIVALENCE(A(8°00)’BITS)!(A(BOBO)’ATS)'(A(BIOO)’MAD)

2
BOOLEAN
BOOLEAN

1PLP2, P

2 *CLC
BOOLEAN
BOOLEAN
BOOLEAN
BOOLEAN
BOOLEAN
BOOLEAN
BOOLEAN

R
R
R
VECTOR
END OF

» (ELTPOKsTAPEOK) s (ATTCNT sNOATS)
y (T4 sFOUR) s { SCRAPs F1VE)

CLDONE

CATsCELsCTOSCFIDsPLP1,

ELs PAT» IFERR1s IFERR2s TAPEOKs OUTs FELs FSN

s NTAPEs EOFB 9 SET4e CKRN

EPARs EELy EEIDs EATs E2NDPN

SPARs SEL9 SEIDs SATs S2NDPNs S1STEQ

FSNEWsSFSOLD» FSEL

CPABLE sDONESEQUAL sELTPOK s PAREN s THEN

NUELTP

ALLSETs PERIOD

WITH

#% COMPILOR CONTROL CARDS ##

VALUES PUNCT=%5+% o 3,5 o (3 » $)% » $=$
FUNCTION
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$COMPILE MACsPRINT OBJECT» PUNCH OBJECT PARCKOO0O

EXTERNAL FUNCTION(Q)
R'N
DEFINE UNARY OPERATOR oBLANKe s PRECEDENCE SAME AS +ABS.
MODE STRUCTURE 1 = +BLANK. 1

CLA B

ARS 18

ALS 18

ouT AC

END
ENTRY TO PARCKe
I= Q
W'R CKRN
PRINT COMMENT SOPARCKS
E'L

R
R IF PAR NOT ON LIST PUT IT ON AND GENERATE
R A UNIQUE NAME ON ZPAR LIST
Pl = LOCATE«( NUWORDs FPARs PARENT)
WHENEVER P1 oLe O
FPAR(PARCNT) = NUWORD
PI = PARCNT
NUWORD= «BLANKe (NUWORD)
R CHECK UNIQUENESS OF NUWORD ON ZPAR LIST.
K= 3
I =0
ZL1ST J = LOCATE«(NUWORDs ZPARs PARCNT)
WHENEVER J «GEe O
WHENEVER I oLe 26
I = 1I+1
NUWORD = INSRTC.(NUWORDsKsNUM(1))
OTHERWISE
I=10
K =2

END OF CONDITIONAL

TRANSFER TO ZLIST

OTHERWISE

ZPAR(PARCNT) = NUWORD
PARCNT = PARCNT+1

W'R PARCNT oGe 70 PRINT COMMENT SOPARAMETER TABLE LENGTH EXC
1EEDED«$

END OF CONDITIONAL

CTHERWISE

J=P1/36

I= P1-J%36

ASSERT = NUWORD

WHENEVER IFBITe(SCOPB1(J)s1)eANDeoeNOTIFBITH(SBIT(J)sI)
SCOPB1l(J)= INBIT.(SCOPB1(J)s190)

P'T FOMATs ASSERTeesASSERT(7)

END OF CONDITIONAL

END OF CONDITIONAL

FUNCTION RETURN (PI)

VECTOR VALUES NUM= $13, $23:%535,343,358,363,375+583+9395+3A3,$
18393CSISDS»SES 9SFE93GS 9 SHS»$[$,5U3 93K »SLS9sSMS»INSS03,3P3,3Q
15 95RS 155 s5TEsSUDsSVEsSWE»SXS45YF 9828

VECTOR VALUES ASSERT=$ $+% IS NOT BROAD SCOPE IN THIS ZLEMENT
1 DESCRIPTION.S
R

PROGRAM COMMON A
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3730
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V'S FOMAT=31H0222C6%*%
DIMENSION A(15999)sSBIT(1)sSCOPB1(1)y FPAR(71)9ZPAR(69)

NORMAL MCODE IS INTEGER
EQUIVALENCE(A(15700)sFPAR) s (FPAR(70)+5COPB1)
1 s (A(15603)sPARCNT) s (A(15861)sSBIT)

) s (A(1586C)sNUWORD)s (A(15772)sZPAR)

3 s (A(15856) s CKRN)

BOOLEAN IFABITes IFBIT

BOOLEAN CKRN

END OF FUNCTION

SASSEMBLEsPUNCH OBJECT PLACEOOO
ENTRY PLACE CALLING SEQUENCE EXECUTE PLACE+(A(N)sLsSBS)
PLACE NOP
IN CLA 194
ADD IN
STA BASE
CLA® 294
PAX Os1l
CAL%* 394 SIX CHARACTER WORD TO BE STORED IN
BASE SLw LA A(N)seoosAlL)
TIiX BASEs1ls1l
TRA G494

~ A
it
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SASSEMBLESPUNCH OBJECT ROTP4 00
ENTRY RDTP4
RDTP4 CAL* le4

ALS 18
STD UNIT
STD UNITA
STD UNITB
CAL 24
STA SCRTCH
CAL 394
STA WORD1
CAL 'y

STA WORD2
SXA RET»4
CALL ROSBIN

UNIT BLK RET e x#
BLK WORD1
BLK EOF s sRTT
CALL CHEKIO

UNITA BLK » 9 R

CALLIO oPRINT
FMT FORMAT

ENDIC
CALL SYSTEM
FORMAT BCI *3H*OHELP — 10 TRAP DOESNT UNDERSTAND ME.*#*

WORD1 1I0BP L2 XX
WORD2 10BT LA X XD
EOF CALLIO oPRINT

FMT EOQOFMSG
ENDIC
SCRTCH TRA *
EOFMSG BCI *#yH*OEOF DETECTED ON FOUR - ASSUME IT IS SCRATCH.®*#*
RTT CALL RDSDEC
UNITB BLK 9 g R¥
BLK WORD1
BLK 0+0+0

CALLIO oPRINT
FMT REDMSG

ENDIC
TRA SCRTCH
REDMSG BCI # 9 H*OTAPE FOUR REDUNDANCY = ASSUME SCRATCH.#®*#
RET AXT L L XY
TRA 594
END
SCOMPILE MADPRINT OBJECT»PUNCH OBJECT ST ENDOO
EXTERNAL FUNCTIONIZZ)
R'N

V'S NONS=$PADPADPADPADPADPADS

ENTRY TO START.

DONE = 0B

OuUT = 0B

IFERR2=08
STCC(O) REWIND TAPE FOUR

REWIND TAPE THREE

REWIND TAPE FIVE

EXECUTE RDTP4«{(FOURSHASELTCKs IDENT)

W'R (ELTCK eNEe. SELTAPES) oOR, (ZZ «NE. IDENT)
HA REWIND TAPE FOUR

WRITE BINARY TAPE FOURSSELTAF ES»ZZsNONSeeoNONS(2)
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PART(O)

9
I
i
-4
r

END1

PART(2)

WRITE BINARY TAPE FOURIPELCNTsTELCNTsPARCNT sNONS e« +NONS(2)
WRITE BINARY TAPE FOURsA{15606)eeeAl15853)
END OF FILE TAPE FOUR
PRINT COMMENT SOELTAPE FILE 1 WRITTENGS
WRITE BINARY TAPE FOURsSPROLOGS sNONS ¢ e o NONS( 2)
C'E
TAPEOK=18
READ BINARY TAPE FOURSPELCNTSTELCNTsPARCNT
READ BINARY TAPE FOUR»A(15604)eesA(15853)
E'L
TELCNT = O
FUNCTION RETURN
ENTRY TO ENDe.
X= 22
WHENEVER oNOTe (XeGEe 3 «ORe X olLe O0)s TRANSFER TO PART(X)
PRINT COMMENT $0X DOES NOT EQUAL Osls2s ERROR IN END.$
CONTINUE
SW=0
WHENEVER oNOT.DONEs TRANSFER TO END1
PRINT COMMENT $2NORMAL TERMINATION - DATA EXHAUSTEDS
R MUST SAVE ELEMENT TAPE IF OURS USED
EXECUTE SYSTEM,
CONTIRVE
Sw=1
CuUT= 1ib
CONTINUE
EXECUTE CONCKe
WHENEVER IFERR2
PRINT COMMINT SCAMBIGUCUS
CR WHENEVER IFERR1
PRINT COMMENT SOMINOR gFRROR, PROGRAM CONTINUINGS
END OF CONDITIONAL
EXECUTE SYNONMe (SCNT)
R ELIMINATE SYNONYMS
EXECUTE SYNELM.
R PRINT OUT CONNECTIONS LIST
EXECUTE CONNEC.(CCNT)
WHENEVER PCNT oGe PCNT(1)
COUNT = PCNT
OTHERWISE
COUNT = PCNTI(1)
END OF CONDITIONAL
EXECUTE INPTPR. (COUNT)
WHENEVER FSCNT oGe ECNT
COUNT = FSCNT
R PRINT OUT EQUIVALENCE LISTS
OTHERWISE
COUNT = ECNT
END OF CONDITIONAL
DONE=18B
FUNCTION RETURN
CONTINUE
EXECUTE EQUIVNS (COUNT)
EXECUTE IPRELM.
PRINT COMMENT $0FPARS
P'T FOMAT sFPARe ¢ o FPAR(PARCNT~1)
PRINT COMMENT $OZPARS
P*T FOMAT»ZPAReoZPARI(PARCNT~-1)
EXECUTE SEQPGM,

AT a
ARiRAS

<2
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LIST

LIST1

INTERNAL FUNCTION (KOUNT)

FORMAT VARIABLE FV1sFV2

ENTRY TO SYNONM,

PRINT COMMENT $1SYNONYMS.%

LOW=21

HIGH=30

FVli=1l

Fv2=$S

PeT FORM’TITLE...TITLE(6)’TITLE(Z)'..Q!TITLE(6)

VIS FORM=%1H0+12(C69S4)*$

ALY TITLE=$COUNT$,$TRUNAM$o$PARAM$’$ELEM$9$EID$,$ATT$’$AID$

T'H LISTls FOR K=091s K ¢Ge KOUNT-1

P'T FORM19Ko(J=LOWels J oGe HIGH» A(J9K))

V1S FORM1=%$1HOs139S5792(tFV]11S10stFV21(C6354)95-10)9T122%%

FI'N

ENTRY TO CONNECe.

PRINT COMMENT $-CONNECTIONS.$

LOW=31

HIGH=38

FVv1i=2

Fv2=4

T'O LIST

ENTRY TO INPTPR.

PRINT COMMENT $-INPUT PARAMETERS AND DESIRED RESULTS.$

LOW=4

HIGH=13

Fvi=]

FVv2=5

T'O LIST

ENTRY TO EQUIVNe.

PRINT COMMENT $~EQUIVALENCES.S$

LOW=14

HIGH=19

FV1=0

FV2=6

T'O LIST

E'N

PROGRAM COMMON A

NORMAL MODE IS INTEGER 70

DIMENSION FPAR(71)92PAR(69)

DIMENSION A(15999sDIM1)sPCNTI(])

VECTOR VALUES TWO = 2 v >

VECTOR VALUES THREE= 3

VECTOR VALUES FOUR = &

VECTOR VALUES FIVE =9

VECTOR VALUES DIM]1 = 294019400 30

VIS FOMAT=310(S6+C6)*%

VECTOR VALUES A(15600)=SELTAPES

EQUIVALENCE A(15601) sPELCNT sl A(15602)s TELCNT

A(15603) sPARCNT )s( A(15604)9ELN

A(15700)sFPAR )ys( A(15772)92PAR

FPAR(70)sSCOPB1 )s( FPAR(T71)sSCOPB2

A{15852)sTAPEOK )s( A(15842)9CCNT

A(15843) sSCNT Y9 ( A(15844)sECNT

A(15845) »PCNT Yol AC15847)9FSCNT

A(15848)91D1 yo( A(15849)»1D2

A(15850) s IFERR]1 )s( A(15851)9sPRLCNT
»{ A(15853),DIM1)

EQUIVALENGE (A(15889)sFIVE)

O® O WV E W
~ e mm o m o~
— - — - = - —
¢ W W € W w 9 9
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EQUIVALENCE ( A(15856) sCKRN )o( A(15857) 9 THREE ) E 1
1 o A(15858)s FOUR )s( A(15859)+CLDONE )
EQUIVALENCE(A(BQOO)»BITS)»(A(8B080)sATS)s (A(8100) sMAD)

1 » (ELTPOKs TAPEOK) s (ATTCNT s NOATS)

BOOLEAN CLDONE

BOOLEAN CPABLE syDONEsEQUAL+ELTPOKsPAREN» THEN

BOOLEAN CATsCELCTOSCEIDIPLP] 0110
1PLP2s PEL» PATs IFERR1s IFERR2s TAPEOKs OUTs FELs FSN 0120
2 sCLC s NTAPEs EOFB » SET4s CKRN 0130

BOOLEAN EPARy EELs EEID» EATs E2NDPN 0140

BOOLEAN SPARs SELs SEIDs SATs S2NDPNs S1STEQ 0160

BOOLEAN FSNEWsFSOLDs FSEL 0190

BOOLEAN NUELTP 8 4

EQUIVALENCE (SCRAPsFIVE)s(T4sFOUR)

END OF FUNCTION *
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SCOMPILE MADSPRINT OBJECTsPUNCH OBJECT

LOOPA

LOOPS

SYNELMQOO

EXTERNAL FUNCTION

R'N

R SYNONYM ELIMINATION
ENTRY TO SYNELM,

R ~BRIEF DESCRIPTION OF FOLLOWING PROGRAM-

R THE I-TH ROW OF THE SYNONYM TABLE IS COMPARED BY SEARCHS TO
R le¢ FUNCTION SUBSTITUTION LIST - SEARCH 1

R 2. (AYINPUT PARAMETERS LIST SEARCH 2

R (BIDESIRED RESULTS LIST

R (CYEQUIVALENCE LIST

R 3.CONNECTIONS LIST,. -SEARCH 3

R WHEN A MATCH IS FOUND IN THE ABOVE LI1STSs THE TRUE MAMES
R REPLACE THE SYNONYMOUS NAMES IN THE LIST.

R

THROUGH LOOPASFOR I1z209191eGEe SCNT

OCCURS = 0B

TPAR = A{21s1)

TEL = A(22s1)

TEID = A(23s1)

TAT = A(Z2491)

TAID = A(2591)

SYPAR= A(269+1)

SYEL = A(271)

SYEID= A(28s1)

SYATT= A(29s1])

SYAID= A(30s1)

EXECUTE SRCH1.

COUNT = PCNT(0)

EXECUTE SRCH24(A(490)9A(5s0)sA0690)9A(T790)9A(8+0))

COUNT = PCNT(1)

EXECUTE SRCH24(A(990)9A(1090)s A{1190)s A(12+0) sA(13+0))
COUNT = ECNT

EXECUTE SRCH2.(A(1490)s AL1590)9A(1620) sA(17+0) sA(18+0))
EXECUTE SRCH3,

WIR (NOTe OCCURSs P!T FOMAT s NOeeeNO(9)

CONTINUE

FUNCTION RETURN

INTERNALFUNCTION(AASAB»AC»ADs AE)
R SEARCH OF INPUT PARAMETERSDESIRED RESULTSsEQUILIALENCE
ENTRY TO SRCH2e

THROUGH LOOPSsy FOR L=09s1sLeGE«COUNT

WHENEVER (SYAIDeESAE(L)eORe SYAIDeE+S & )

1eAND o (SYATTeESADI(L) «ORe SYATT o+Ee $ $ )

2¢AND« (SYEIDeESAC(L)
3eAND. (SYEL.ES.AB (L)
4eAND+ (SYPARCESAA(L)

eORe SYEID oEe $ $ )
«ORe SYEL oEe $ 8 )
eORe SYPAR o4Ee % $ )

WHENEVER TPAR oNE. $ $s AA(L) = TPAR

WHENEVER TEL oNEe $ $s AB(L) = TEL
WHENEVER TEID oNEe & $9 AC(L) = TEID
WHENEVER TAT oNEe $ $» ADI(L) = TAT
WHENEVER TAID oNEe $ 8y AE(L) = TAID

OCCURS = 1B

END OF CONDITIONAL
FUNCTION RETURN
END OF FUNCTION

R SEARCH

OF SUBSTITUTION TABLE.,

INTERNAL FUNCTION
ENTRY TO SRCH1.
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LOOPSB

LOOPC

WHENEVER TPAReE«$ $sFUNCTION RETURN

THROUGH LOOPSBs FOR L =0s1» L eGEe FSCNT
EQUIVALENCE (A(800)sACOL2)s(A(12C0)sACOLD)
WHENEVER (SYEID +EesACOL3(L) eORe SYEID +4Ee $ %)
1eAND o (SYELSE«ACOL2(L) eORe SYEL +Ee $ % )
WHENEVER TEL oNE. $ $s ACOL2(L) = TEL

WHENEVER TEID NEe $ $5 ACOL3(L) = TEID

OCCURS = 1B

END OF CONDITIONAL

BOOLEAN OCCURS

FUNCTION RETURN

END OF FUNCTION
R SEARCH OF CONNECTIONS

INTERNAL FUNCTION

ENTRY TO SRCH3,.

WHENEVER TPAR oNEe $ $» FUNCTION RETURN

THROUGH LOOPCs FOR L=0919LeGEoCCNT

WHENEVER (SYAID «Ee A34{LCNT)eORe SYAID o+Ee $ 9)
1eANDo {SYATTeEe A33(LCNT) oORe SYATT oEe $ 8)
206AND(SYEIDeEse A32(LCNT) eORe SYEID oEe 8 $)
36AND(SYEL eEe A31(LCNT) eORe SYEL o+Ee $ $) -

WHENEVER TEL oNEe $ $9 A31(L) = TEL

wHeMEYER TEIT.NC. $ £, A32iL; - TEID

WHENEVER TAT oNEe $ $9 A33(L) = TAT

WHENEVER TAIDSNCe $ $5 A3&%{L) = TAID

END OF CONDITIONAL

WHENEVER (SYAID eEe A38(LCNT) +ORe SYAID oEe % %)
1 eAND o { SYATT oFe A3TI(LCNT)H e«ORs SYATT 4E.
2 «AND . ( SYEID E. A3&(LCNT) sOR; SYEID LE.
3 eAND o ( SYEL eEe A35(LCNT) «ORe SYEL oEe

EQUIVALENCE (LCNTsL)

WHENEVER TEL oNEe« & $» A35(L) = TEL

WHENEVER TEIDNEs. $ $s A36(L) = TEID

WHENEVER TAT NEe $ $9¢ A3T(L) = TAT

WHENEVER TAIDeNEs $ $» A38(L) = TAID

OCCURS = 1B

END OF CONDITIONAL

FUNCTION RETURN

END OF FUNCTION

DIMENSION NO(10)
EQUIVALENCE(NOsSYPAR) s (NO(1)sSYEL) s (NO(2)sSYEID)
19 (NO(3)sSYATT)s(NO(4)sSYAID)

VECTOR VALUES NO(5)=% DOES NOT OCCUR ON ANY LIST,$
NORMAL MODE 1S INTEGER

DIMENSION ERR(8)

DIMENSION A(15999+DIM1) s

VECTOR VALUES DIM1 = 294015400
R DEFINITION OF A(3990)eeeA(399399)
VECTOR VALUES A(15600)=3SELTAPES
EQUIVALENCE ( A(15601)sPELCNT )s( A(15602)sTELCNT

PCNT(1)

| K]
1 ( A115603)sPARCNT )l A(15604)9FLN )
2 { AL15700)FPAR ol A(15772)+ZPAR )»
3 ( FPAR(TO0)+SCOPBL )s( FPAR(71)9SCOPB2 )
4 ( A(15852) sTAPEOK )l A(15842)sCCNT )
5 { A(15843)sSCNT Yol A(15844)9ECNT )
6 ( A(15845)9PCNT )o{ AC1584T)sFSCNT )
7 ( A(15848),1D1 Yol A(15849)91D2 )
8 )

( A(15850)+IFERR1 )s( A(15851)9PRLCNT
EQUIVALENCE (PELT»A(8200))
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0980
0990
1000
1010
1020
1030
1070
1080
1100
1110
1120
1130
1150
1160

1180
1190
1200
1210
1220
1230
1240
1250
1400
1310
1320
1330

taALNn
4 ITV

1350
1370
1380
1390
1400
1410
1460
1470
1520
1530
1500

0120
0130
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290



DIMENSION PELT(300)sELN(95)9sFPAR(T71)9ZPAR(69) 0300.

PROGRAM COMMON A 0310
V'S FOMAT=$1H0,22C6*$

BOOLEAN IFERR1 0320
DIMENSION A31(1)sA32(2)19A33(1)9A34(1)9A35(1)9A36(1)9sA37(1)y 0330
1A38(1)sA3S(1) 340
EQUIVALENCE (A(12400)9A31)9(A(12800)9A32)9(A(13200)9A33) 0350
1(A(13600)9A34)9(A(14000)9A35)9(A(14400)9A36)9(A(14800)9A37) 0360
2(A(15200)sA38) 370
EQUIVALENCE (A39sA(15600)) 0380
DIMENSION ACOL2(1)s ACOL3(1) 0390
END OF FUNCTION *
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SASSEMBLEsPUNCH OBJECT

SKFILE

SKRECD
START1

CALL
BLK1
XRC1

TYeE

BKSPCE

BACKS

CALL2
BLK2

XRC2

TYPE2

ENTRY
ENTRY
ENTRY
AXT
TRA

AVT
AN

CLA®
TZE
TMI
STA
CLA
STA
CLA®
PAX
SXD
SXA
TSX
BLK
AXT
TRA

- -

SKFILE
SKRECD
BKSPCE
Os1
START1
1.1
294
394
BACKS
BLK1
TYPE»1
CALL
194
Os1l
BLK1ls1
XRCle &
94
®H g g%
*% 94
394
SKPREC
gvorry
11
3¢4
02
TYPEZ»1

L T X4

Os1l
BLK2s1
XRC2s4
*¥% 44

[ 2 XYL & ]
#-29291
%% 94
394
BSRTAP
BSFTAP
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$COMPILE MADSEXFCUTE sDUMP sPUNCH OBJUECT sPRINT OBJECT CORE 2000

REP1

GOl

REP2
G022

GO2

R'N
PRINT COMMENT $1CORE 2%
EXECUTE OUTPUT.(SPROLOGS1)
P'S PELCNTsTELCNT
THREE=3
FOUR=4
A(15853)=2
A(15854)=401
A{15855)=400
REWIND TAPE FOUR
EXECUTE COLINe.
EXECUTE SSORDR,
EXECUTE SUBSPTL(A(27s0)9sCCNT)
EXECUTE PROLOG.
P'S PELCNTsTELCNT
R PRINT OUT AND PUNCH EQUIVALENCE CARDS®#%3%%%% % %%
EXECUTE EQVGEN.
SQUEEZ,
SNOW.
EXECUTE SEQPGM.
INTERNAL FUNCTION
ENTRY TO PROLOG.
EXECUTE OUTPUT,.($SPROLOGS 1)
REWIND TAPE FOUR
TAPCO = 0
READ BINARY TAPE FOURs IDENT
EXECUTE OUTPUTS(IDENT»1)
WHENEVER IDENT +Ee SPROLOG3.OR, IDENT.Ee$ PROLOSs» TRANSFER TO
1601
EXECUTE SKFILE«(FOURs 1)
TAPCO = TAPCO+1
EXECUTE OUTPUT«(TAPCO»1)
WHENEVER TAPCO +Ge 129 EXECUTE ERR.(10000)
TRANSFER TO REP1
CONTINUE
SETEOF.(G022)
REWIND TAPE THREE
TAPCOl = O
CONTINUE

RZAD BINARY TAPE THREEs IDENT

EXECUTE OUTPUTL(IDENT»1)

WHENEVER IDENTeEe $ CALCS»TRANSFER TO GO2
W!'R IDENTeE«$FSUB.S

TAPCOl1l = TAPCO1l +1

W!'R TAPCOl4Ge 2

PRINT COMMENTS$ HELP I'M CAUGHT IN A CHINESE IBM FACTORYS
EXECUTE ERROR.

E'L

REWIND TAPE THREE

T'0 REP2

E'L

EXECUTE SKFILE«(THREE»1)

TAPCO = TAPCO+1

EXECUTE OUTPUTS(TAPCO»1)

WHENEVER TAPGCO oGe 125 EXECUTE ERRe(13000)
TRANSFER TO REP2

CONTINUE
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SCANS

FRON

UNIT = FOUR
CKRN = 1B

EOFBLN = (B
CCOUNT = OB
PLSFLG =0B
MINFLG= 0B
MCOUNT = 0B
R (#®CALCULATIONS ARE ON TAPE THREEs FILE ONEe)
CONTINUE
EXECUTE OUTPUT,($SCANSSs1)
EXECUTE PSCANe
WHENEVER MINFLG
EXECUTE CALCSe.
PLSFLG = 0B
MINFLG = OB
WHENEVER MCOUNTs TRANSFER TO PRON
MCOUNT=18
TRANSFER TO SCANS
END OF CONDITIONAL
TRANSFER TO SCANS
CONTINUE
EXECUTE QUTPUT,.(SPRON $+1)
CAECUTE POCANe
WHENEVER MINFLG
MINFLG = OB
EXECUTE OUTPUT. (JACK6)
EXECUTE OQUTPUT,(JACK2+3)
V1S JACK2 = % PROLOG RETURNED $

ElIprTrIna DrTiiDat
T WwitL LWV ANl Iy

END OF CONDITIONAL
ERR,(2090)

VECTOR VALUES JACK = $ LAST MINUS SIGN IN NEW ELEMENT TAPES

END OF FUNCTION
R

INTERNAL FUNCTION

ENTRY TO CALCS.

EXECUTE QUTPUT.(SCALCSSs1)

WHENEVER oNOTe CLDONEs FUNCTION RETURN
UNIT = THREE

MINFLG = OB

PLSFLG = OB

EXECUTE PSCANe

W'R MINFLG

UNIT = FOUR

FUNCTION RETURN

O'R PLSFLG

PRINT COMMENT $ CALCULATIONS ENDED $
UNIT = FOUR

FUNCTION RETURN

OTHERWISE

EXECUTE OQUTPUT(CERR»5)

VECTOR VALUES CERR=$SCALCULATIONS IMPROPERLY TERMINATED.S
END OF CONDITIONAL

UNIT = FOUR

FUNCTION RETURN

END OF FUNCTION

R (#%PROLOGUE SECTION STORAGE ASSIGNMENTS,)
PROGRAM COMMON AsB

PROGRAM COMMON C
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DIMENSION C(200)

NORMAL MODE IS INTEGER

BOOLEAN IFERR1s CKRNs FSUBINs EPFLG» MCOUNT, BOOLN
12ONCEBs ONCEBBIMINFLGIPLSFLGSLBFLGFINFLG
29CLDONEYEOFBLNELFLGYCCOUNT»SCANDL

VECTOR VALUES DIM1 = 2, 4014400

VECTOR VALUES PDIM =2+6+5

VECTOR VALUES THREE= 3

VECTOR VALUES FOUR = 4

VECTOR VALUES FIVE = 9

DIMENSION A(159999DIM1)sPELT(2999sPDIM)»T(300)sATTNO(50)
1+BFR(200) sFPAR(71)9ZPAR(69)9B (1999 sPDIM)sPCNT(1)
EQUIVALENCE (PCNT(O)sIPCNT)9(PCNT(1)sDRPCNT)
29(T(100)9sFPAR) »(T(172)+sZPAR) +(T(259)+sCLDONE)
39(T(276)9sRCNO) 9 (T(245)sPCNT) o (T(273)sUNIT)»(T(294)sLOCLBL)
49{T(248)9ID1)9(T(250)9IFERR1) s (A(6600) +BFR)

EQUIVALENCE (T+A(15600)) +(T(1)sPELCNT)

19(TC  3)sPNUMBR)»(T(245)9IPCNT )9 (T(246)sDRPCNT)
29(T(24T7)9FSCNT ) 9(T(253)9sDIM1 ) s(T(256)9ERRNO )
39(T(257)9THREE )2 (T(258)9FOUR )9 (T(263)9FSUBIN)

4y (T(264)9M Yo (T(265)9CCA Yo (T(266) sCARDS )
59 4T(267)9sMA o (T(268)+EPFLG ) o (T(269)9EPCNT )
62 {T(270)s MCOUNT)»(T(271)9REM Yo (T(272)9BOOLN )
TolT(2T74)sPXSIT o (TI275)sLINE o (T(27T7)sJ )
8s(T(278)913 s (T(279)912 Yo (T(284) o LBWORD)

92 {T(287)sMINFLG)»(T(288)9sPLSFLG)»(T(289)sFIVE )
EQUIVALENCE (T(242)9CCNT)o(T(O002)sTELCNT) s (T(004)sELN)
19(T(290)sSLBFLG)»(T(291)»FINFLG)
69 (AC T7T100)9ATTNO Yo (A( B8200)sPELT(0))
EQUIVALENCE(SCANDLT(296) )9 (ELFLGsT(297))s(CCOUNT»T(295) )
1(EOFBLN»T(260))9(CCAsJ2) s (PARCNTsPNUMBR)
END OF PROGRAM
SASSEMBLEsPUNCH OBJECT BITLGKOQO
ENTRY BLANK
ENTRY LGR
ENTRY LGL
ENTRY IFABIT
ENTRY ANDBIT

ENTRY SIGN C=SIGNe(AsB) CAUSES € TO HAVE SIGN OF A*B
ENTRY EXTNAM
ANDBIT CAL®™ 194
ANA#* 24
TZE 30k
CLA ONE
TRA 394
IFABIT CAL®*® Y
TZE 294
CLA ONE
TRA 294
ONE PZE 1
EXTNAM NOP
BLANK CLA#* 194
ARS 18
ALS 18
TRA 294
LGR CAL* 194
LGR 18
SLW TEMP
CLA LBLNK
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LGL

LBLNK
RBLNK
SIGN

TEMP

ORA TEMP

TRA 234
CAL®™ 194
LDQ RBLNK
LGL 18
SLw TEMP
CLA RBLNK
TRA 24
BCD 1 000
B8CD 1000

CLA® 194
LDQ* 294
LLS 0

TRA 394
SYN -1
END
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$SASSEMBLEsPUNCH OBJECT BUFFEROO

EQUIVN

ERESET
ELSIDE

ERSIDE

CONNEC

CRESET

CLSIDE

CRSIDE

TO
SYNONM

INPTPR

PNT

ENTRY EQUIVN

ENTRY CONNEC

ENTRY SYNONM

ENTRY INPTPR

ENTRY SUBSPT

ENTRY BITPRT CALLING SEQUENCE))) (B(FSTCOL) +NOLINES)
TSX SETUP 2 EQUIVALENCE TABLE BUFFER SETUP
TSX OUTPUT »4

TXH VECE

TXH TWO

CALL SPRINT LABEL FOR EQUIVALENCE

BLK LABELE» 19

TSX RESET ¢4

TSX ALPHA s &

TSX BETAs4

TXL ELSIDE»292399

TSX STOBNK »4

TX1 #41929-8000 SUBSTUTION TABLE STARTS AT A(OD)
TSX ALPHA 24

TSX BETAs 4

TXL ERSIDEs29+-4001

TSX STOBNK s &

TSX WRITE ¢4

TRA ERESET

TSX SETUP 2 CONNECTIONS TABLE BUFFER SETUP
TSX OUTPUT »4

TXH VECC

TXH TWO

CALL SPRINT LABEL FOR CONNECTIONS

BLK LABELC»s 919

TSX RESET 4

TSX STOBNK 94

TSX BETA»4

TSX ALPHA»4

TXL CLSIDE»2+1599 FIRST FOUR COLUMNS 4%400-1

TSX STOBNK s &4

CAL 70

TSX STOACC 4

TSX STOBNK s 4

TSX ALPHA4

TSX BETAs4

TXL CRSIDE»293199 LAST FOUR COLUMNS 8#%#400-1

TSX STOBNK s &4

TSX WRITE 4

TRA CRESET

BCD 1 10O

TSX SETUP 92 SYNONYMS TABLE BUFFER SETUP
TSX OUTPUT »4

TXH VECS

TXH TWO

CAL EQUAL

TRA PNT

TSX SETUP 92 INPUT PARAMETERS AND DESIRED RESULTS
TSX OUTPUT »4

TXH VECI

TXH TWO

CAL BLANK

SLW PUNCT
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30
40
50
60
70

S0
0100
110
0120

0160
0170
0180

0190
0200

220

260
270
0280

330
340
0350

360
0370
380



CALL SPRINT LABEL FOR SYNONYMS AND INPUT PARAMETER LIST

BLK LABELS»919
SRESET TSX RESET4 450
SLSIDE TSX ALPHA »4 -470
TSX BETAs4 480
TXL SLSIDE»2+1599
TSX ALPHA »4
CAL PUNCT
TSX STOACC 4 510
SKRSIDE TSX BETAs4 520
TSX ALPHA 4 0530
TXL SRSIDE 9293599
TSX BETAs4
TSX STOBNK 4
TSX WRITEs4 0550
TRA SRESET 0560
EQUAL BCD 1 = 0570
PUNCT BCD 1 580
sSugsSPT TsSX SETUP 2 SUBSCRIPT BITS-INPUT PARAMBITS~DESe RESULT
STA BASE4 ‘
STA BASE?3 ' 610
TSX QUTPUT »4
TXH VECST
TXH TWO
CALL SPRINT LABEL FOR SUBSCRIPT BITS
BLK LABBITs919
TRESET TSX RESET <4 630
SLW PARAMA
BAS5E4 CLA R e2 GET NEXT NUMBER CFF THC LISTe
sSTO PARAMA
TSX OCTDEC»»4 CONVERT TO DECIMAL INTEGER
BLK PARAMA
STO BUFER»1
TXI *#+192+400
TXI ®+191s1
TXL BASE4+291599
TX1 *#4+132+-3200
TSX STOBNK 4
TXL #-191910
TSX STOBITs4 0820
TSX STOBIT 4 0 0830
TSX STOBNK s 4
TSX STOBIT 4 0860
TSX STOBIT 4 0870
TSX WRITE»4 0880
TRA TRESET 0890
PARAMA BSS 1
LOCA BSS 1 0910
ONE PZE 1
LOCB BSS 1 930
SETUP CLA*® 24
STA COUNT
CLA COUNT
TZE 334 NO LINES IN THE TABLE TO BE PRINTED
STZ ROWCNT 1000
suB F&00
A NN AR NN R TPL %43 CHANGED TO  TMI %43 S5t dei s
T™MI *+3
CALL ERR
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PAR F400

CLA 194 0970
STA ALPHA 0980
STA BASE 0990
SXA IRCs4 1010
TRA 192
RESET SXA RIRCs 4 RESETS THE INDEX REGISTERS INSERTS 1040
LXA ROWCNT 2 CARRIAGE CONTROL 1050
LXA ONE»s 1l 1060
TSX OCTDECs 4 1070
TXH ROWCNT 1080
ORA CARCON 1090
TSX STOACCs4 1100
TSX STOBNK s 4
LXA RIRCs 4 1130
TRA 194 1140
ALPHA CAL *iy 2 TAKES THE NEXT WORD OFF THE LIST 1150
ALPHA1l SLW BUFER 1 AND STORES THE WORD IN THE NEXT 1160
TXI #41929400 AVAILABLE LOCATION IN THE BUFFER 1170
TX1 *+191 091 1180
TRA 194 1190
BETA LDQ BLANK TAKES THE NEXT WORD OFF THE LIST 1200
BASE CAL *#y2 AND STORES THE WORD IN THE MIDDLE
LGR 18 OF THE NEXT TWO AVAILABLE WORDS 1220
ORA HFBLNK IN THE BUFFER 1230
SLW BUFER 1 1240
TXI *+19l9l 1250
STQ BUFERs1 1260
TXI *#+192 9400 1270
TX1 #419191 1280
TRA 194 1290
STOBNK CAL BLANK STORES A BLANK IN BUFFER
STOACC SLW BUFER »] STORES THE CONTENTS OF ADC IN BUFFER 1300
TXI *419109] 1310
TRA 14 1320
WRITE SXA WIRCs 4 PRINTS OUT NINTEEN COLUMNS OF THE BUFFER 1330
TSX OUTPUT»4 TRANSFER BACK TO CALLING PART IF MORE ROWS.
TXH BUFER~-1
TXH NINET BACK TO CALLIN PROGRAM IF PRINTING IS FINIS
CLA ROWCNT 1370
ADD ONE 1380
STO ROWCNT 1390
sSuB COUNT 1400
LXA WIRCe 4
TMI 14 TO SUBROUTINE ~MORE ROWS TO BE PRINTED 1420
LXA IRCo4 1430
TRA 394 TO CALLING PROGRAM~-FINISHED PRINTING 1440
WIRC BSS 1 1450
CARCON BCD 10 000 1460
IRC BSS 1 1470
HFBLNK BCD 1 000 1490
BLANK BCD 1 1500
STOBIT SXA SIRCs4 STORE BITS OF SUBSCRIPT LISTS
BASE3 CAL %*#,2
SLW PARAMB
TSX OCTs4 CONVERT BITS INTO OCTAL EQUIVALENT
TXH PARAMB
TXH LOCBUF
CAL LOCBUF
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‘ ~
{ TNZ OuUT1 IF NO BITS ARE PRESENTs REPLACE THE ZEROS
|

CAL PRD WITH PERIODS,
OouTl1 TSX STOACC 4
CAL LOCBUF-1
TNZ ouT?2
CAL PRD
| ouT2 TSX STOACC 4

| TXI *¥+41929400
' SIRC AXT *%,e4

| TRA 134
BITPRT TSX SETUP 2 PRINT FOR BITS IN B-REGION OF CORE 3
‘ STA BASE3
: CLA BLANK
AXT 0s1
STO BUFER»1
TX1 *+1sl91
TXL ¥=251519
TSX OUTPUT s4
PAR BITLBL
PAR =9
BRESET TSX RESET s4
TSX STOBNK » 4
TXL %—19193
l TSX STOBIT 4
TXI #41+2+-399
75X STOBIT 4
TX1 X41929-399
TSX STOBNK s &
TSX STOBIT;%
TXI *#41929-399
TSX STOBITs4
TXI %*+1929+-399
TSX WRITEs4
TRA BRESET

BCD 1000000
BCD 1E00000
BCD 1T ABOV
BCD 1ELEMEN
BCD 1S FOR
BCD 10N BIT
BCD 1LLECTI
BCD 1ENT CO

BITLBL BCD 1STATAM

PARAMB PZE O

LOCBUF BES 2
CALL OUTPT
CALL QUTPUT
CALL ocT
CALL OCTDEC

PRD BCD 1 ¢ o
BUFER BES 20
RIRC BSS 1 1670
ROWCNT BSS 1
F400 PZE 400
NINET PZE 19
TWO PZE 2
LABELC BCD 9 ELEM EID ATT Al
BCD 9D ELEM EID ATT AlID
LABELE BCD 1
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LABELS

LABBIT

VECE
VECC
VEC!I
VECST

VECS
COUNT

8CD
BCD
BCD
B8CD
BCD
BCD
BCD
BCD
BCD
8CD
BCD
8CD
BCD
8CD

BCD

BCD
BCD
BCD
PZE
PZE
END

AID

OO M O 0 = O\

1LENCE.
1EQUIVA
1TION.
1CONNEC
1PARAM
1INPUT
1BITS.
1sUBST
1MSe.
1SYNONY
399
19

TRUENAME PAR ELEM

SUBST. NEW oLb
PARA ELEM EL ID
PARA ELEM EL ID
R L R-L

INPUT PARAMETER BITS
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EID ATT
ELEM EID

ATT ATT 10
ATT ATT 1D

L-R
DESIRED RESULT BITS

K

CK

CK

cK




‘SCOMPILE MADsPRINT OBJECTsPUNCH OBJECT COLIN.OO

EXTERNAL FUNCTION 1230
R'N
R 1240
R ==» PELT=PRESENT ELEMENT TABLE IS SET up 1260
R #x ALL COLLECTIONS ARE IN CORE 1270
R #%%#%% UPON COMPLETION OF THIS ROUT INE #8885 8858 85858454884

ENTRY TO COLIN, 1280

EXECUTE PLACEC(PELT9298+0)

EXECUTE PLACE+(B+1800+0)

PRLCNT = PELCNT + TELCNT

J =0

THROUGH MOVELPs FOR I = OslsleGe PRLCNT

PELT(J) = ELNI(I)
MOVELP J = J +5
f EXECU TE OUTPUTG(SCOLINeS»1)
‘ REWIND TAPE FOUR

EXECUTE OUTPUT.(LABEL » 4)
. VECTOR VALUES LABEL = $ PELCNT TELCNT PRLCNTS
CHECK = OCTDECe(PELCNT)
CHECK{1) = OCTDECe(TELCNT)
CAECKIZ] = OLTUECe iFRLUNT )
DIMENSION CHECK(3)

|
|
I CAECUTE OQUTPUTS(CHECK 3]
M = PRLCNT
MC=0 1310
PELT(1)=0 1320
PELT(3)=0 1330
THROUGH LP19sFOR 1=09551,E¢5*PRLCNT 1340
NXT WHENEVER I «FEe O
RDCOL

EXECUTE SKFILE«{FOURy2)
CTHERWISE
EXECUTE SKFILE«{FOURs1)
END OF CONDITIONAL
READ BINARY TAPE FOURs ELN1l» NOATS
WHENEVER ELN1 oNEe PELT(I)
MC=MC+1 1390
WHENEVER MCeGe M
NO = ELN1
EXECUTE OUTPUTL(NOs» 8)
VECTOR VALUES NO = $ $+3ELEMENT DESCRIPTION NOT ON TAPE FOURS

EXECUTE ERR.(3017)
END OF CONDITIONAL
TRANSFER TO NXT 1410
END OF CONDITIONAL 1420
PELT(I+2)=NOATS 1430
J=zPELT(I+1) 1440
J1=J+NOATS~-1 1450
PELT(I+6)=J1+1 1460
READ BINARY TAPHE FOURs ATS{JU) seeesATS(J1)
J2=4%#NOATS 1480
EXECUTE SETEOF.(END1)Y 1490
NOCOL =0 1500
JEPELT(1+3) 1510
Jl=J+J2-1 1520
COUNT = Jl1 - J
READ BINARY TAPE FOURs B(J)esoso B(COUNT+J)
JeJ+J2 1540
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END1

LP1
PRNOUT
BBLIST

BLIST

NOCOL =NOCOL+1 1550

TRANSFER TO RDCOL 1560
PELT(I+4)=NOCOL 1570
PELT(I+8)=PELT(I+3)+J2#NOCOL 1580
WHENEVER PELT(I+8)eGe8399¢0RPELT(I+6)4Ge399 1590
COLOVRI(6)=PELT(I) 1600
VZCTOR VALUES COLOVR=$ELEMENT COLLECTIONS EXCEED STORAGE %40 1610
EXECUTE OQUTPUT, (COLOVRsT) 1620
IFERR1=18B 1630
ALLIN = 0B

TRANSFER TO PRNOUT

END OF CONDITIONAL 1650
CONTINUE 1660

T'H BBLIST 9FOR K=0919KeGePRLCNT-1
P'T PELTLSPELT(K»0)leeoPELT(K4)
V'S PELTL = $1H C6954+4(S529112) *%
EXECUTE OUTPUT,.(BREG»8)
THROUGH BLISTs FOR I=091914GE4 M
P'T PELTLs PELT(I90)eeePELT(I4)
EXECUTE OUTPUT o (ATTHD»3)
EXECUTE LPRINTS (S BsATSIPELT(I91))sPELT(I92))
TtH BLISTSFOR K=0949KeGESPELT(1+193) — PELT(193)
SUBSC1 = PELT(I+3)+K
SUBSC2 = PELT(I93)+K +3
PRINT FORMAT BITPRsSUBSC1 sB(PELT(I93)+K)eeoBI(PELT({I93)+K+3)
1»5UBSC2
VIS BITPR = $1H S4911295494(S29K12)952+112%$

CONTINUE

VECTOR VALUES BREG=$% B-REGION, BITS FOR DESIRED RESULTS REDUCTION
1TION.S

VECTOR VALUES ATTHD=SATTACHMENT NAMES.$

FUNCTION RETURN 1670
R 1680
NORMAL MODE IS INTEGER 1690
DIMENSION ATS(199) 1700

BOOLEAN ALLIN
EQUIVALENCE (ALLIN»A(15872))

R 1710
R 1720
R ## STANDARD PROGRAM COMMON FOR CORE NO,2 1730
PROGRAM COMMON A»B 1740
DIMENSION A(15999,DIM1)
DIMENSION B(1999s PDIM)
R 1760
R #u#COMPILER CONTROL CARDS HRBERERE 1770
R 1780
R DEFINITION OF A(3950)eeeA(399399) 1790
VECTOR VALUES A(15600)=SELTAPES 1800
EQUIVALENCE ( A{15601)sPELCNT j)o( A(15602)sTELCNT ) 1810
1 ( A(15603)sPARCNT )s( A(15604)9ELN ) e 1820
2 { A(15700) 4FPAR Yol A(15772)sZPAR ) s 1830
3 ( FPAR(T0),SCOPB1 )s( FPAR(T1)9SCOPB2 ) 1840
4 ( A(15852)sTAPEOK j)s( A(15842)sCCNT ) 1850
5 ( A(15843)4SCNT )s( A(15844)+ECNT ) 1860
6 ( A(15845)+sPCNT yo{ A(1584T)sFSCNT 1870
7 { A(15848),1D1 ysl A(15849)91D2 ) e 1880
8 ( A(15850)sIFERR1 )s( A(15851)9PRLCNT ) 1890
9 s( A(15853)sDIMI1) 1900

EQUIVALENCE (CKRNsA(15856))s( THREEsA(15857))s (FOURyA(15858)) CK
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\ 1y (FIVE»A(15889))

EQUIVALENCE (ATS»A(86001)s (PELT9A(8200))
DIMENSION ELN(95)s FPAR(T1)s ZPAR(69)
DIMENSION PELT(299sDIM2)

BOOLEAN IFERRl» TAPEOK

BOOLEAN CKRN

VECTOR VALUES DIM1 = 2,401+400

VECTOR VALUES DIM2 = 24645

VECTOR VALUES PDIM = 24695

EQUIVALENCE (M»A(15864))

END OF FUNCTION
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$ COMPILE MADsPUNCH OBJECT+PRINT OBJECT ERR0O0000O

EXTERNAL FUNCTION(Z)

RN

ENTRY TO ERR,.

ERRNO =2

BOOLEAN RESTAR

RESTAR = 18

EXECUTE OUTPUT,.(DFRCOM»18)

VECTOR VALUES DFRCOM=$ERROR ENCOUNTERED. EOFsERRNO ON TAPE TH
1REEe THREE AND FOUR REWOUNDe EOF REMOVED FROM FIVE.SYSTEM EXE
2CUTED$

END OF FILE TAPE THREE

WRITE BINARY TAPE THREEs ERRNO

CKOUT =BNBCDe ( ERRNO)

EXECUTE OUTPUTL(CKOUT»3)

DIMENSION CKOUT(2)

VECTOR VALUES CKOUT(1)=$=ERRNOS

END OF FILE TAPE THREE

REWIND TAPE THREE

W!'R RESTAR

REWIND TAPE FOUR
READ BINARY TAPE FOURs IDENT

W'R IDENT <Ee SELTAPES
BACKSPACE RECORD OF TAPE FOUR
WRITE BINARY TAPE FOUR»SRESTARRESTARRESTARRESTARS

EXECUTESKFILE«{(FOUR»1)

WRITE BINARY TAPE FOUR,SRESTARRESTARRESTARRESTARRESTARS

E*L

E'L
SEQPGM,.

FROGRAM COMMON A»sB
DIMENSION A(15999)sB8(2000)

NORMAL MODE IS INTEGER
VECTOR VALUES THREE= 3
VECTOR VALUES FOUR = 4
VECTOR VALUES FIVE = 9
ERASABLE BLAST
END OF FUNCTION
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$COMPILE MADYEXECUTE sDUMP »PUNCH OBJECT EQVGENOO

EXTERNAL FUNCTION 10
R*N

ENTRY TO EQVGEN. 0280
PRINT COMMENT $ EQVGENS

R 290

THROUGH LISTEs FOR L=0s1sLeGEes ECNT
PAR = A(15sL)

EXECUTE OUTPUT, (OCTDECe(L)91)} 0330
EXECUTE OUTPUTL(PARs1) 0340
R 350
OCCURS = 0B 0360
TEL = A(16sL)
TEID = A(17,L)
TAT = A(18sL)
TAID = A(19sL)
EXECUTE SRCHFP, 0410
EXECUTE SRCHCN. 0420
LISTE CONTINUE 0430
FUNCTION RETURN 0440
INTERNAL FUNCTION 0450
ENTRY TO SRCHFPe. 0460
e 0470
R CHECK LIST OF PARAMETERS TO SEE IF -PAR- IS ON LIST, 0480
FPARVC THROUGHFPARVCy FOR 1=0sisiete PARCNT «ORe PAR eEe FPAR(I) 0490
WHENEVER l.Le PARCNTs FUNCTION RETURN 0500
VECTOR VALUES FERR = $x*#%¥THE PARAMETER $,3 $+% ]S NOT ON PAR 0510
IAMETER LIST3 520
FERR(3) = PAR 0530
EXECUTE OUTPUT.(FERR»9) 0540
TRANSFER TO LISTE 0550
END OF FUNCTION 0560
INTERNAL FUNCTION 0570
R SEARCH BOTH SIDES OF CONNECTIONS LIST 0580
ENTRY TO SRCHCNe 0590

THROUGH CLISTs FOR J=03s19JeGEe CCNT

WHENEVER (A34( ) eEe TAID +OR, TAID +Ee $ 8 ) 0610
1e¢AND. (A33(J) eEe TAT +ORs TAT eEe $ %) 0620
2¢AND (A32(J) oEe TEID eORe TEID o¢Ee 8 8 ) 0630
3¢ANDe. (A31(J) eEe TEL +ORse TEL oEe & $ ) 0640

SIDE =0 650

TRANSFER TO PRNT 0660

CR WHENEVER (A38(J) eEe TAID eORe TAID +Ee $ 3 ) 0670
1«AND, (A37(J) oEe TAT ¢eORe TAT eEe $ 9 ) 0680
2¢AND, (A36(J) eEe TEID «ORe. TEID oEe % 8 ) 0690
3¢AND, (A35(J) oEe TEL «ORe TEL o«Ee¢ $ 8 ) 0700

SIDE =1 710

PRNT
ENUM=BNBCD« (A(27+SIDEs J))
EQV(7) =0OR«(ZPAR(I) +ENUM)
EXECUTE OUTPUT(OCTDECe(J)s1l)
EQV (5) = A(14sL) 0740
EXECUTE OUTPUT.(EQVs9)
PUNCH FORMAT FORMPUSEQVeeeEQV(8)
V'S FORMPU=3%9C6#*$

VECTOR VALUES EQV = $ $+3 B»SEQUIVALENCE ( 393 335 % 0780
13 $ +% )9 0790
OCCURS = 1B 0800
END OF CONDITIONAL 0810
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cLIST

CONTINUE
WHENEVER oNOT .

OCCURSs EXECUTE OUTPUTW(NOs10)

FUNCTION KETURN

VECTOR VALUES NO(4)=% DOES NOT OCCUR ON THE CONNECTION LISTS$
EQUIVALENCE (TELsNO)s(TEIDs NO(1))s{TATINO(2))s(TAIDINO(3))

DIMENSION NO(1

0)

END OF FUNCTION

PROGRAM COMMON
DIMENSION A(15
VECTOR VALUES
NORMAL MODE 1S
R DEFINITION O
VECTOR VALUES
EQUIVALENCE (
{

o~JovmPwN-
_ e~~~

(

A
999sDIM1)sPCNTI( 1)
DIM1 = 254015400

INTEGER

F A(3990)eeeA(399399)

A(15600)=SELTAPES

A(15601)sPELCNT )l
A(15603) sPARCNT )l
A(15700) sFPAR KX
FPAR(T70)+SCOPB1 )l
A(15852)sTAPEOK )

A(15843)sSCNT ) ol
A(15845) +PCNT ) ol
At15848)4+1D1 )}l

A(15850)s IFERR1 )

A(15602) s TELCNT
A(15604)+ELN
A(15772)+ZPAR
FPAR(71)»5C0OPB2
A(15842)sCCNT
A(15844)9ECNT
A(15847)sFSCNT
A(15849)s1D2
A(15851)+PRLCNT

DIMENSION PELT(300)9ELN(95)sFPAR(T1)»ZPAR(69)

R EQUIVALENCE O

DIMENSION A31(1)92A32(2)9A33(1)9A34(1)9A35(1)9A36(1)9A37(1)>

1A38(1)
DIMENSION AC

EQUIVALENCE (A{12400)5A31)9(A(12800)9A32)5(A(13200)9A33)>
1(A013600) 9A34)9(A(14000)5A35%»(A(14400)5A36)9(A(14800)9A37)>

1(A(15200)+A38)
BOOLEAN OCCURS
R

END OF FUNCTIO

UTPUT GENERATOR

oL2{(1)s ACOL3(1)

N
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830
0820
0840

0860
0870
0880
20
0030
040
0070
0050
0060
0070
0080
0090
0100
0110
0120
0130
0140
0170
0180
0190
0200
210
0220
0230
0240
*#250
0260
270




SASSEMBLEsPUNCH OBJECT INSRTCOO
ENTRY INSRTC
ENTRY EXTRC

INSRTC SLN 1 RSLT = INSRTC.(WORDs Js CHAR)
CLA 394 CHAR IS PLACED IN THE JTH POSITION OF WORD.
\ STA CHAR
[ SLT 1
! EXTRC SLN 1 RSLT = EXTRCe (WORDs J)
} SXD XRB»2 RSLT IS THE CHARACTER EXTRACTED FROM THE JTH
CLA% 294
’ PAX 092
‘ CAL#® 194
: SLT 1
| XRB TXL IN1+0s0
LDQ BLANKS
BACK1 TXH CUT1s2+5
ARS 6

TXI BACK1s2s1
ouUT1 LGL 30

SLW COMMON
TXL EXIT»090
IN1 SLW COMMON
! FHAD 1RO xx
. CAL MASK

W

COUNT TXH CUT2+295
ALS 6
TXiI COUNT-19291
ouT2 STQ COMMON-1
COM
ANS COMMON
COM
ANA COMMON-1
ORS COMMON
EXIT CLA COMMON
LXD XRBs2
TRA 394
BLANKS BCD 1
MASK OoCcT 000000000077
COMMON SYN -1
LAST BSS ©
END
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SASSEMBLE»PUNCH OBJECT LOGIC.00
ENTRY AND
ENTRY NOT
ENTRY OR
ENTRY XOR
ENTRY THEN
ENTRY EQV
HOOK CAL* 294
SLW c-2
HOOK1 CAL#* 194
SLW C~1
TRA 192
EQV TSX HOOK 2
ORA (-2 W1.ORW2
COM eNOTe (W1eOReW2)
SLW C
CAL C-1
ANA C—2 Hl.AND.WZ
ORS C (W] eANDeW2) e ORe { «NOTo(W1eOReW2))
TRA R2
THEN TSX HOOK 2
COM oNOT oW1
ORA C-2 oeNOTeW1leOReW2
TRA R1
XGR TSX HOOKs2
ANA C-2 W1eANDW2
COM oNOT o (W1 oANDGW2)
SLW
CAL
ORA
ANS
TRA R2
NOT TSX HOOK1»2
COM NOT «W1
TRA R1
OR TSX HOOK»s 2
ORA C-2 W1e0ORW2
TRA R1
AND TSX HOOK 2
ANA C-=2 W1l AND W2
R1 SLw C
R2 CLA C
TRA 214
LAST BsSS C
C SYN ~1
END

1
-2 (W1eOReW2)
(WIOORQNZ)oANDo(oNOT.‘Nl-ANDWZ,
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SASSEMBLEsPUNCH OBJECT
ENTRY LOCATE

LOCATE

comMP2

comp

EQUAL

FIRST
ZERO

ONE

CLA®
ADD
PAX
CLA
STA
ADD
STA
CLA#*
CAS
TRA
TRA
CAS
TIX
TRA
TIX
PXA
sus
TNZ
sus
TRA
CLA
TRA
PZE
TRA
PZE

F.'h
oiNy

ONE

394
ONE
0+¢2
294
CcOMP2

cOoOMP
194

* %

coMpP
FIRST
*% g 2
*#~19291
EQUAL
#-39291
092

ONE

4ok

ONE

44
7FRO

44
0

bed

LOCATEOO

LOCATEL (WORDs LISTs COUNT)H

LIST ADDRESS PLUS ONE

WORD

WORD FOUND AT THIS LOCATION PLUS 1
IF WORD NOT ON LIST ACCUMULAROR WILL BE NEG
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$COMPILE MAD»PUNCH OBJECTsPRINT OBJECT LPRINT.O
EXTERNAL FUNCTION(HEADs LIST» COUNT)
ENTRY TO LPRINT.
K= 12
EXECUTE QUTPUT.(HEAD»1)
THROUGH As FOR 1=0312s I1eGEe COUNT
WHENEVER COUNT—-IeLEe 12 K= COUNT-I
A EXECUTE OUTPUTL(LIST(I)9K)
FUNCTION RETURN
ENTRY TO DPRINT,
K=12
EXECUTE OLTPUT.(HEADs1)
THROUGH B FOR 1=09129 IeGEe COUNT
WHENEVERCOUNT-IeLEe 129 K= COUNT -]
THROUGH C» FOR J=Isls JeGEe K
C LINE(J) = LIST(J)
8 EXECUTE OUTPUTS(LINE(I)sK)
FUNCTION RETURN
NORMAL MODE IS INTEGER
DIMENSION LINE(12)
PROGRAM COMMON A
DIMENSION A(15999)
EQUIVALENCE (A(15858)s FOUR)s (A(15601)s PELCNT))»
1 (A(15602)sTELCNT) s (A(15603)9+PARCNT)
EQUIVALENCE(A(15700)sFPAR)»(A(15772)9ZPAR )
15 (AC15604)sELN)
END OF FUNCTION
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SASSEMBLEsPUNCH OBJECT

D
OCTDEC

MI
STO

BACK?2

FINI2

RTN
IRA

FINI
THREE

WORD
OCTINT
TEN
LARGE
BZp
BIM
LAST

ENTR
ENTR
NOP
CLA®
TNZ
CLA
TRA
SLW
SXA
™I
CLA
TRA
CLA
STO
CLA
SUB
T™MI
CLA
TRA
LXD
SLN
CLA
LDQ

Te§en
ew

PXD
DvP
STQ
ORS
LDQ
RQL
STQ
TIX
LDQ
TXH
RQL
TX1
sTQ
CLA
AXT
TRA
SLT
TXL
CLA
TXI
SYN
SYN
PZE
BCD
BCD
BCD
BSS
END

Y OCTDEC
YD

194
*4+3
8ZP
24

OCTINT
IRAs1

MI

B2p

STO

BZM

WORD
OCTINT
=9999
*+3
LARGE
294

THREE»1

1

TEn

OCTINT

FiINI

0.0

TEN

WORD

WORD

30

WORD

BACKs 151

WORD

RTNs193

[

#=29191

WORD

WORD
*tq]

294

1

FINI2+0s3

OCTINT

BACK291s1

-1

-2

10

1*#L ARGE

1 + 000

l - 000

(o]

CORRECTION TO OCTDEC
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SASSEMBLEsPUNCH OBJECT

ocCT

L1
S1

Tl

ouTt
IRA

A=6
ONE
LAST

ENTRY OCT
CLA 194
SXA IRA»1
STA L1

CLA 214

STA Sl

sSSP

sSuB CNE

STA CUT

LDQ #*#%

SLN 1

STO ##

LXA A=691
ALS 3

LGL 3

TIX Tlselel
SLT 1

TRA #*#+2

TRA S1

STO #%

AXT *%,]
TRA 34

PZE 69040
PZE 1

BSS C

END
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$ASSEMBLE»PUNCH OBJUECT OUTPUTOO

ENTRY OUTPUT 730
ENTRY OUTPT
ENTRY OUT CcK
OUTPT NOP
our NOP cK
OLTPUT cLA 124 EXECUTE OUTPUT,. (NAME »COUNT) 740
STA oT 750
LDOQ =20 .
CLA*® 244 760
TLQ THEAXE
XRC PAX 0e3 770
TXI #4191l
SXD LGsl cK
TX1 #+1919C ADDeOF C IS ADDe. OF D MINUS ONE CcK
SXA STel 810
AXT Os1l 820
o7 CLA *%9] CK
ST sSTO #*92 PIcK UP FROM NAME REGIONsSTORE IN D BUFFER-FORWARD CK
TX1 L IS IR 850
TIX 0Ts291 860
SXA XRCo4 870
CALL SPRINT 880
LG BLK Coro¥ CK
L XA XRC»s4 900
TRA 394 910
ThHEAXE CALL SPRINT
BLK PAGE>s N
CALL SYSTEM
ONE PZE 1
N PZE 0990
CLA COUNT LINES OF OUTPUT
suB ONE
TMI THEAXE
STO COUNTY
COUNT PZE 250

PAGE BCD 91 MAXIMUM OF 250 LINES OF OUTPUT PER JOB EXCEEDEDe SOR
BCD 5RRY MACe.sYOU ARE BEING CUT OFF,

C BCD 10 920
[») BSS 20 930
END *

A-129



$COMPILE MAD»PRINT OBJECTsPUNCH OBJECT
EXTERNAL FUNCTION(X)
ENTRY TO QUTPT1.
EXECUTE OUTPUT<({CKH»s2)
VECTOR VALUES CKH=3*#QUTPT1.

R (##ARGUMENT X IS NUMBER OF COLUMNS TO BE PUNCHED,)

XX=X

WHENEVER EXTRC4{(BFR(1)95)
EXECUTE PNCH12.(BFR1)
EXECUTE OUTPUT+(BFR1s1

WCNT= 11

WORDS = (XX-1)/6

THRO U GH LISTs FOR J=1s319 WCNTeGEe WORDS +ORe JeGoe
BFR1(WCNT+2)= INSRTC.(BFR1(WCNT+2)95s NUM(J))

SUBROUTINES

oF e BSRS®s FUNCTION RETURN

2)

QUTPT100

cK
CcK

VECTOR VA LU ES NUM=$195+325+5351345+3559965+575+583+39%
EXECU TE OUTPUT.(BFRI(WCNT+1)12)

EXECUTE PNCH124 (BFR1(WCNT+1
LIST WCNT = WCNT + 12

FUNCTION RETURN

DIMENSION A(15999)

PROGRAM CCMMON A

NORMAL MODE IS INTEGER

EQUIVALENCE (A(5320)sBFR1)

1)

(A(5200) sBFR

DIMENSION BFR1(120)+8FR(120)

EQUIVALENCE (T(265)9CCA(Q))

EQUIVALENCE (CCA»J2)
EQUIVALENCE (T(0)sA(15600))
END OF FUNCTION
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SCOMPILE MADPRINT OBJECTyPUNCH OBJECT PELTOTOO
EXTERNAL FUNCTION (COUNT)
ENTRY TO PELTOT,
EXECUTE OUTPUT. (SPELTOTSs1)

K=0

NORMAL MODE IS INTEGER
EXECUTE OQUTPUT(PRIN14)

VECTOR VALUES
P CONTINUE

PRIN1 = % PRESENT ELEMENT TABLE $

EXECUTE OUTPUTL(PRIN2s6)

VECTOR VALUES

PRIN2 = $ ELN FSTAT NOATS FSTSC NOCOL $

TRANSFER TO S(K)

Sto) CONTINUE

T*'H PRIN6s FORI=09191eGe COUNT
CUTPUT L (PELT(1+0)95)

PRING CONTINUE

FUNCTION RETURN
ENTRY TO PELTLN.
EXECUTE OUTPUT+(SPELTLNSs1)

K=1

I= COUNT

TRANSFER TO P
S(1) CONTINUE

THROUGH PRIN&4sFOR I = 0919 1eGoPRLCNT
EXECUTE OUTPUT.(PELT(I%#5)+5)

PRIN4 CONTINUE

FUNCTION RETURN
ENTRY TO ELNOUT.

EXECUTE OUTPUT.(SELNOUTS$s1)
EXECUTE OUTPUT.(PRIN3,3)
VECTOR VALUES PRIN3 = $ ELEMENT NAMES $
EXECUTE OUTPUT(ELN(O) +COUNT)

FUNCTION RETURN
PROGRAM COMMON A»sB

EQUIVALENCE (
(

(
e (

VOOV PWN
N e

A(15601)sPELCNT )s( A(15602)9TELCNT
A(15603)sPARCNT )l A(15604)9ELN
A(15700)sFPAR Yol A(15772)sZPAR
FPAR(T70)sSCOPB1 )s{ FPAR(71)»5C0OPB2
A(15852)sTAPEOK )s( A(15842)9sCCNT
A(15843) »SCNT ol A(15844)9ECNT
A(15845) sPCNT Yol A(15847)9FSCNT
A(15848)91D1 Yol A(15849)91D2
A(15850)sIFERRL )s( A(15851)sPRLCNT
A(15853),DIM1)

® W W W ¢ v v e

- s et et P P

EQUIVALENCE (CKRN*A(15856))s( THREE»A(15857))9(FOURsA(15858))

1o (FIVEsA(15889))

EQUIVALENCE (ATS»A(8600))s (PELT»A(8200))
DIMENSION A(15999)sPELT(400),ELN(95)

DIMENSION B(1999+PDIM2)

VECTOR VALUES PDIM2 = 24655
EQUIVALENCE(PELT2A(8200) ) »(ELNsA(15604))

EQUIVALENCE (M»sA(15864))

END OF FUNCTION

$ASSEMBLEsPUNCH OBJECT
ENTRY PLACE

PLACE NOP
IN CLA 194
ADD IN
STA BASE

PLACEOQOOO
CALLING SEQUENCE EXECUTE PLACES(A(N)sL+3BS)
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BASE

CLA#
PAX
CAL®
SLW
TIX
TRA
END

24
Oyl
394
L 2 XD
BASEs 191l
L4

SIX CHARACTER WORD TO BE STORED IN

A(N)seeesAlL)
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$SCOMPILE MADsEXECUTE sDUMP s PUNCH OBJECT »PRINT OBJECT
EXTERNAL FUNCTION

ENTRY TO PSCAN.

m=0
CARDS = 0
READ READ BINARY TAPE UNITs BFR(M)seeesBFRIM+11)

CHAR= EXTRCe(BFR(M+1)95)
WHENEVER CHAReEes 3$R$
DOLLAR

PUNCH FORMAT FORMPUSBFR(M)eeoeBFRI{(M+11)
V'S FORMPU = $ 12C6*%

TRANSFER TO READ
O'R CHARGE+$5¢0Re (CHARCGE¢305 4ANDeCHARLE¢$9%)
COL1=EXTRCo,{BFR(M)s1l)
W!'R COLleEe ~%=%s T'0O DOLLAR
WHENEVER COL1eEe$3+%3e0Re COL1oFe3-%

BFR(M)= INSRTC+(BFR(M}s15% $)

WHENLVER COL1eEe $+%

PLSFLG= 1B
OTHERWISE
MINFLG= 1B

END OF CONDITIONAL
FUNCH FUKMA! FUKMPUIBFRIM)eeeBFRKIM+11)
T'0 SCANS
CTHERWISE
PUNCH FORMAT FORMPUSBFR{MieeeBFRI{M+11)
T'O READ
E'L
CTHERWISE
PRINT COMMENT $ THIS CARD NOT PUNCHED $
CIUTPUT (BFR(M)s12)
E'L

SCANS FUNCTION RETURN

PROGRAM COMMON AsB
C'N DIM1(2)

PSCANOOO

CIMENSION A(15999»DIM1)sPELT{299sPDIM) +T(300)»ATTNO(50)

1sBFR(200) sFPAR(71)9+ZPAR(69)9B(1999 sPDIM)sPCNTI(1)

EQUIVALENCE (TsA(15600))s(A(6600)sBFR)s(T(276)9RCNO)

19(T( 3)sPNUMBR) s (T(245)s1PCNT )9 (T(246)9sDRPCNT)
29(T(247)sFSCNT  19(T(253)9DIMY )s(T(256)ERRNO
39(T(257)sTHREE )s(T(258)sFOUR ) s{T(263)sFSUBIN)
49(T(264)9M 12 (TL265)9CCA )9 (T(266) 9CARDS )
52(T(267)9MA 19 (T(268)1EPFLG )s(T(269)9EPCNT )
65 (T(270)sMCOUNT)»(T(271)sREM )9 (T(272)9+BOOLN )
EQUIVALENCE(T(273)sUNIT) »(T(294)sLOCLBL)
TolT(274)9PXSIT o (T(275)sLINE ) si(T(277)5J )
8s(T(278)913 ) (T1279)912 )»(T(284)sLBWORD)
99 (T(287)sMINFLG)s (T(288)+PLSFLG)»(T(289)sFIVE )
19(TU290)9sSLBFLG) s (T(291)sFINFLG)s(T(292)sJ1)

69 (Al T7100)»ATTNO )s(A( 8200)sPELT)

NORMAL MODE IS INTEGER

)

BOOLEAN IFERR1s CKRNs FUBSINSEPFLGs MCOUNT, BOOLN
1+ONCEBs ONCEBBIMINFLGsPLSFLGsSLBFLGYFINFLGYEOFBLNySCANDL

BOOLEAN ELFLGs CCOUNT
VECTOR VALUES PDIM=26+5

EQUIVALENCE (CCA%J2)+(T(260)»E0FBLN)» (RCNOsRCNO)

EQUIVALENCE(PARCNTsPNUMBR)
END OF FUNCTION
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$ASSEMBLEsPUNCH OBJECTPRINT OBJECT SEARCHOO
30 3009606 336303 909 6T 96 I3 T 33U I I TN TN 6T T I 6 3O 36 3 A 3

SEARCH SIMULATOR CORE4 BOYD NOV 64

*

CALLED FROM SSCAN1 TO SCAN FPAR LIST FOR VARIABLE NAMESs SO THAT
THE UNIQUE THREE CHARACTER NAME CAN BE FOUND ON THE ZPAR LIST

* CALLED BY SSCAN1

*

* ROUTINE TO SEARCH A LIST LOOKING FOR A SPECIFIC ENTRY
* RETURNS IN AC LIST SUBSCRIPT WHERE ENTRY IS FOUND

* IF THE SAME ENTRY OCCURS MORE THAN ONCE ONLY THE LAST WILL BE FOUN
»*

* ARGUMENTS

* l+4 ZERO LOCATION OF LIST

* 214 LAST ENTRY ON LIST

* 394 WORD TO BE FOUND

* YA EXIT IF ENTRY NOT FOUND

*

*

*

*

29600 3696 923 3 2 JEIE 6 36 936 36T T 36 I 36 3 3 T I I I I B I I I I I I3 I I IR R
ENTRY SEARCH

SEARCH CLA 194 ZERO LOCATION
STA CAS
CLA*® 24 LAST ENTRY
PAX s 1
CLA¥* 394
CAS CAS *ky]
TRA *42
TRA ouT WORD FOUND
TIX CAS91»91 LOOP TO SEARCH BACKWARDS
AXT 0»1
CAS™ CAS CHECK ZERO LOCATION
TRA® 494 WORD NOT FOUNDs ERROR RETURN
TRA *42
TRA* 4Ll WORD NOT FOUNDs ERROR RETURN
ouT PXA s ] WORD FOUND»s PUT INDES IN AC
TRA 594 NORMAL RETURN
END
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StPMPILE MADs PRINT OBJECTs» PUNCH OBJECT SNOW0O00
EXTERNAL FUNCTION
ENTRY TO SNOW.

ROUTINE TO RECORD THE FIRST OCCURENCE AND FUTURE
OCCURENCES OF ALL ATTACHMENTS

20

N*S INTEGER

P'R F(200)

D'N CONL(F)sCONR(F)sBROAD(F)

PROGRAM COMMON A(15999)sB(1999)sBROAD(F)

R 22222 IR SIS SS RSS2SR LIS S B2 2 2

DEFINE UNARY OPERATOR <Mes PRECEDENCE SAME AS eEe
MODE STRUCTURE 2 = oM, 1

CLA B

TMI1 LOC+3
PXA s0
TRA LOC+2
CLA =1
ouT AC
END

DEFINE UNARY OPERATOR .STZ.. PRECEDENCE SAME AS =
MODE STRUCTURE oSTZ. 1

STZ B
ourt Z
END

MODE STRUCTURE «STZe2s SAME SEQUENCE AS «STZ.1

R 3% 36 3 3 3¢ 3 36 I I 3 3 3% I % 3 I 3 I % I I I I 3 I I W I W% I I W % % W% 3 H % % E KK N *
R CCONT = THE NO. OF LINES IN THE CONNECTIONS MATRIX

R CONL = LEFT HALF OF THE CONNECTJONS MATRIX

R CONR = RIGHT HALF OF THE CONNECTIONS MATRIX

R BROAD = THE END RESULT OF THIS ROUTINE

eSTZes BROAD

T'H SEEKs FOR Q@ = 19 1s Q@ «GEe CCONT
QP = Q@ - 1

FIRST = BLBe«(SUCHsCONL (Q))

SECOND = BLBe (NOISEsCONRI(Q))
BOOLEAN NOISEs SUCH

W'R FIRST .Le SECOND

SAVE THE SMALLEST SULSCRIPT AND THEN REPLACE THE
OCCURENCES OF THE LARGER»s IF THERE ARE ANYs BY THE
SMALLER IN THE BROAD ARRAY

00X

BROAD(Q) = FIRST
WIR NOISE +ANDe (SECOND «NEe Q)9 FAKED(SECOND)

C*R SECOND eLe FIRST

BROAD(Q) = SECOND
W'R SUCH oANDe (FIRST oNEe Q)s FAKEDe(FIRST)

Ct'E
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BROAD(Q) = FIRST
E'L
SEEK
F'N
INTERNAL FUNCTION(NUMB)
E'O FAKED.

R FUNCTION TO FIND AND REPLACE THE OCCURENCES OF A
R NUMBER

(QP=QPs-19QP oLe Os QP = SEARCHe (BROADs»QP»NUMBs SEEK) s BROAD

1(QP) = FIRST)

T'0 SEEK

E'N

EQUIVALENCE (CONRsA(6000))s(CONL9A(5600))s(CCNTs A(15842))

EQUIVALENCE (CCONT»CCNT)

INTERNAL FUNCTION (MUNCHsCON)

E'O BLBe

W'R <M. CON

MUNCH = 1B

BOOLEAN MUNCH

F'N BROAD{SEARCH« (CONRsQP s CONSNEWL))

C'e

¢STZ4 MUNCH
SAME

F'N Q

E'L
NEWL
F'N BROAD(SEARCH« (CONL QP sCONsSAME))
E'N
E'N
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SCOMPILE M

PXA
AXT
LGL
ADD
TIX
STO
ouTt
END

GO ON

QUIK

HALF

ACs PRINT OBJECTsPUNCH OBJECT SQUEEZ000
EXTERNAL FUNCTION

R*N

E*0 SQUEEZ,

R FUNCTION TO COMPRESS CONECTIONS MATRIX

ROPERATOR TO STORE SUBSCRIPTS INTO A 9 BIT PACKAGE IN THE
RPRODUT VECTOR
RUARRANGED AS FOLLOWS eee /ATT ID/ ELM ID/ ATT/ ELN/)

DEFINE UNARY OPERATOR +SQUEEZ.s PRECEDENCE HIGHER THAN =
MODE STRUCTURE +SQUEEZ.1

»0

304

9

=SUB+1s4

LOC=2+9491]

B

Y4

IQ = 0

ID1 = $$%

LONG=1

SQUEAK< (LFT ELMs LFTATTsL ELM IDsL ATT IDs CON L)
SQUEAK.(RIT ELMsRIT ATTs R ELM IDs R ATT IDs CON R)
F'N

INTERNAL FUNCTION (ELEMNT»ATMNTSELM IDsATT IDs PRODUT)
E*O SQUEAK.

T'H HALFs FOR I=0s19 I 4GEs CCNT

SUB = SEARCH. (ELMNOsNUMBER~1sELEMNT (1) sMISING(1Q))

R SUB = SUBSCRIPT OF ELEMENT IN ELN MATRIX

BEGIN=SUB#*5+1

SUB(2) = SEARCHe(ATTMNT(PELT(BEGIN))sPELT(BEGIN+1)~1sATMNT( )
1sMISING(IQ))

R SUB(2) = SUBSCRIPT OF ATTACHMENT IN ATS MATRIX
SUB(1) = SEARCHe (ID1+sLONG-19ELM ID(I)9»ADD)

R SUB(1) = SUBSCRIPT OF ELEMNT IDENTIFER IN
R THE UNIQUE LIST OF IDENTIFERS

R UNIQUE LIST OF IDENTIFIERS

SUBR=SEARCHe ( ID1sLONG-1sATT 'D(I)» ADD1)
SUBR= SUBSCRIPT OF ATTACHMENT IN UNIQUE LIST OF
IDENTIFIERS

a0

*SQUEEZe PRODUTI(I)
WI'R SUBR +Ge Os PRODUTI(I)= - PRODUTI(I)
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F'N
ADD
R TO HERE IF THE ELM ID NOT YET ON THE LIST
IDI(LONG) = ELM ID(I)
SUB(1)=LONG
LONG = LONG + 1
T'0 GO ON
ADD1
R TO HERE IF THE ATT ID NOT YET ON THE LIST
ID1(LONG) = ATT 1ID(I) '
SUBR=LONG
LONG = LONG + 1
T'0 QUIK
MISING PtT SHge**#%% FRROR —-- COULD NOT FIND ONE OF THE FOLLOWING N
1AMES/LINE(S)8*$
10 =1
R TO HERE IF THE ELEMENT IS NOT IN THE ELN OR PELT
R VECTORS
MISING(1) P'T $1H C695H» OR CH*SsELEMNT (1) sATMNTI(])
PRODUT(I) = O
T1'0 HALF
E'N

N*'S INTEGER

D'N suUB(2)

PROGRAM COMMON A(15999)

EQUIVALENCE (LFTELMsA(12400))s(LFTATT»A(13200))
(LELMIDsA(12800)) s (LATTID»A(13600))s(RITELMsA(14000))
s (RITATT9A(14800) )9 (RELMIDsA(14400))9(RATTIDsA(15200))
»{CCNTsA(15842) )9 (ELMNO»A(15604)) s (NUMBERsA(15851) )
(ATTMNT»A(8600))+(PELT»A(8200))
s (CONL+A(5600) )9 (CONR»A(6000))

PARAMETER L{399)sN(95)sM(199)sR(299)5U(399)

D'N LFT ELMIL)oLFT ATT(L)s L ELM ID(L)s» L ATT IDIL)>

1RIT ELM(L)s RIT ATT(L)s R ELM ID(L)»s R ATT IDI(L)

D!'N ELMNO(N)s ATTMNT(M)s PELT(R)s ID1(U)

DIMENSION CONL (L) sCONRI(L)

NS WN =

E'N *
$COMPILE MAC»PUNCH OBJECT9PRINT OBJECT SSORDROO

EXTERNAL FUNCTION 10
R'N

ENTRY TO SSORDRe. 20
PRLCNT=0 30
ELCNT=PELCNT+TELCNT-1 40
EXECUTE ELNOUT(ELCNT+1)

R ELNsLINENO ARE SCRATCH 0050

T'H LOOPHHsFOR VALUES OF RL = 31935
THROUGH LOOPHs FOR I=0s19leGEs CONT
ELEMI = A(RLsI)

THROUGH LOOPI sFOR J=0919JaGeELCNT 0070
LOOPI W'R ELEMICECELN(J)»T*O LOOPH

VECTOR VALUES ERR2=$ ELEMENT DESCRIPTION NOT AVAILABLE $+% $ 0190

ERR2(6)=ELEMI

EXECUTE OUTPUTS(ERR2s7) 0210

IFERR1=1B 0220
LGOPH CONTINUE 0230

LOOPHH CONTINUE
PRLCNT=PELCNT+TELCNT
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THROUGH LOOPAFOR VALUES OF RL=31435 0410
RLMOD = RL/35

ELNJ = PELT(5%J)
THROUGH LOOPC» FOR I=0s191eGEs CCNT
i WHENEVER A(RL2I)oeNEeELNJs TRANSFER TO LOOPC

‘ TEL1D=0 420
THROUGH LOOPBs FOR J=0s1s JoGEe PRLCNT

| LNO=0 440

\ ELID=0 450

|

b LINENO (LNO) =1 0480
LNO=LNO+1 0490

: EIDA = A(RL+1s1)

| LOOPD THROUGH LOOPDs FOR K=0s1+KeGEoELIDeOReEIDAEe EID(K)

! WHENEVER KeGEes ELID
; EID(ELID) = EIDA

ELID=ELID+1 0530
END OF CONDITIONAL 0540

LOOPC CONTINUE 550
RL1= RL+1

THROUGH LOOPGs FOR I1=TELIDs(sI1eGEe TELID+LNO
THROUGH LOOPG» FORI2=0s19 12.GEe ELID

EID1= EID(I2)

. TAROUGH LOOPGY FOR 13%0sle 13 oGEe LANU

WHENEVER A(RL1s LINENO(I3))eNEe EID1ls» TRANSFER TO LOOPG
A(27+ RLMOD#I1l) = LINENO(I3)

11=11+1 610

LOOPG CONTINUE 0620
Loors TELID=I1 0630
LOOPA CONTINUE 0640
R #% R AND L ARE ORDERED 0650

THROUGH LOOPZ »FOR VALUES OF RL=31,35 0660

RLMOD = RL/35

THROUGH LOOPZs FOR I=0919]eGEe QCNT

SUB1 =A(27+RLMOD»s1I)

EL1=A(RL»SUB]) ‘ 0690
ID1=A(RL+1s5UB1) 0700
THROUGH LOOPWs FOR J=0s1sJeGEe CCNT

SUB2=A(28-RLMODJ)

EL2 =A(35-4%RLMODsSUB2)

ID2 =A(36-4%RLMOD»SUB2)

WHENEVER EL1eEeEL2¢ANDeID1+E.ID2 0750
ouT1 A(29+RLMODy»I) = J

TRANSFER TO roo0PZ 0770

END OF CONDITIONAL 0780
LOOPW CONTINUE 0790

THROUGH LOOPVs FOR Jz0s1s JeGEe CCNT
SUB3 = A(27 +RLMOD»J)

EL3=A(RLsSUB3) 0820
ID3=A(RL+19SUB3) 0830

WHENEVER ELleEeEL3eANDeID1eECID3 0840

Ja=J 0850

TRANSFER TO 0OUT1 0860

END OF CONDITIONAL 0870

LOOPV CONTINUE 0880
LOOPZ CONTINUE 0890
FUNCTION RETURN 0900
EQUIVALENCE (A(8400)sLINENO)» (A(B8OC)EID) 0910

DIMENSION EID(400)sLINENO(4OO) oggo

R 0
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R 940
R 950
R 960
R ##2COMPILER CONTROL CARDS ERERERER 0970
R 980
R DEFINITION OF A(39+0)eesA(3939399) 0990

VECTOR VALUES A(15600)=SELTAPES 1000

EQUIVALENCE ( A(15601)sPELCNT )s( A(15602)sTELCNT ) 1010
1 ( A(15603)9sPARCNT Yol A(15604)9ELN ) s 1020
2 { A(15700)s+FPAR Yol A(15772)sZPAR ) s 1030
3 ( FPAR(70)sSCOPBY )s( FPAR(71)9SCOPB2 ) 1040
4 ( A(15852)sTAPEON )s{ A(15842)9CCNT ) 1050
5 ( A(15843) 9SCNT Yol A(15844)9ECNT Yo 1060
6 { A{15845) 9PCNT )o( A(1584T)9sFSCNT ) 1070
8 ( A(15850)+IFERR1 1s( A(15851)sPRLCNT ) 1090
9 s( A(15853)4DIM1) 1100

DIMENSION PELT(299sDIM2) sELN(95)sFPAR(T71)+ZPAR(69)
VIS DIM2 = 29695

EQUIVALENCE (ATS»A(B600)) (PELT»A(8200)) 1130
VECTOR VALUES DIM1 = 254019400 1140
NORMAL MODE IS INTEGER 1150
DIMENSION A{15999sDIM1)sPCNT( 1) 1160
BOOLEAN IFERR1ls TAPEOK 1170
PROGRAM CCMMON A 1180
R 1190
R 1200
E'N *
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$SASSEMBLEsPUNCH OBJECT

SKFILE

SKRECD
START1

CALL
BLK1
XRC1

TVAr
LI i =Y

BKSPCE

BACKS

CALL2
BLK2

XRc2

TYPE2

ENTRY
ENTRY
ENTRY
AXT
TRA
AXT
CLA*
TZE
TMI
STA
CLA
STA
CLA*
PAX
SXD
SXA
T8X
BLK
AXT
TRA
CALL

~an
AT B Tl

AXT
CLA®
TZE
PAX
CLA
STA
CLA®
PAX
SXD
SXA
TSX
BLK
TIX
AXT
TRA
CALL
CALL
END

SKFILE
SKRECD
BKSPCE
Os1
START1
101
24
394
BACKS
BLK1
TYPE» 1
CALL
194
091
BLK1s1
XRCle4
*% 9 4
2 XYY X ]
*% 94

394
SKPREC

AT
(O 1.8 il B 3 SN

1s1

Zoir

294

092
TYPEZs1
CALLZ2
194

Osl
BLK2s1
XRC2+4
R4

L 2 XYe
*=29291
*E 4
304
BSRTAP
BSFTAP
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$ASSEMBLE»PUNCH OBJECT TEMPC200
ENTRY IDSET

ENTRY PNCH
ENTRY PNCH12

PNCH NOP

PNCH12 NOP

ICSET CLA CcK
TZE 194
SXA IRCs4
CALL SPRINT
BLK WORD» » 7
sTZ cK

IRC AXT Ové
TRA 104

WORD BCD 78( PNCH»PNCH12s IDSET ARE DUMMY ROUTINES,.)
QPQ CALL SPRINT
BLK ERR99+8
CALL SYSTEM
ERR BCD 78(QPQQSUBROUTINE ILLEGALLY ENTEREDCSYSTEM EXEQe)
CcK PZE
END
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$ASSEMBLE » PUNCH
ENTRY

SYSTEM NOP
ERROR PXA
PAC
SXA

PRINT

CALL

8CALL

CALL
BLK
IN PZE
FORMAT BCI!
END

OBJECT
SYSTEMsERROR

O

Os4

INs&

FORMAT s INO

PANEL

SDUMP 9100009 eee977777
SELRCD

1992

®#9sH*6SYSTEM/ERROR CALLED FROM
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$COMPILE MADSEXECUTEs PRINT OBJECTs»PUNCH OBJECT»DUMPs1/0 DUMP COREBOOOCORE3006
R SYSTEM SIMULATOR - CCRE 3.
R*N
RDEFINED OPERATORS.
DEFINE BINARY OPERATOR oNIDes PRECEDENCE SAME AS oNEe.
MODE STRUCTURE 2 =1 oNIDe 1

JMP *+19ACy ¥+ 2
STO T

JMP *#+1oMQy¥*42
5TQ T

JMP #4+1oLAs¥42
SLwW T

CAL A

LAS B

TRA LOC+2

TRA LOC+3

CLA =18

TRA LOC+2

CLA =08

ouT AC

END

ROPERATOR TO TEST FOR PARAMETER BITS.
DEFINE BINARY OPERATOR +FPARes PRECEDENCE SAME AS .Ee
MODE STRUCTURE 2=1 +FPARe. 1

JMP *¥+19ACo¥*+2
STO T

JMP *#+1oMQo®4+2
sSTQ T

JMP ®+1oLAo¥*+2
SLW T

CAL B

ARS 2

ORA A

TZE LOC+2

CLA =18

ouT AC

END

DEFINE UNARY OPERATOR LELPOS.s PRECEDENCE SAME AS ,ABS.
MODE STRUCTURE 1= +ELPOS. 1

JMP #4+19ACo*+2
STO T

JMP %4+]19MQo¥4+2
STQ T

CAL B

ANA =777K

ouT AC

END

CEFINE UNARY OPERATOR +EIDPOS.s PRECEDENCE SAME AS <ELPOS.
MODE STRUCTURE 1= +EIDPOSe 1

JMP #4+19ACy *+2
sTO T

JMP %41 o MQo¥42
STQ T

CAL 8

ANA =777K3

ARS 9

ouT AC

END

DEFINE UNARY OPERATOR ,ATPOS,, PRECEDENCE SAME AS LELPOS.
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MODE STRUCTURE 1= +ATPOSe 1

JMP ®+19ACy¥+2
STO T

JMP *+19MQo¥*+2
sTQ T

CAL 8

ANA =777K6

ARS 18

ouT AC

END

DEFINE UNARY OPERATOR ,ANEGss PRECEDENCE SAME AS ,ABSe.
MODE STRUCTURE 2= +ANEG. 1

JMP *+19ACr¥+2
STO T

JMP #+]19oMQe %42
sSTQ T

CLA 8

TM™MI LOC+3

CLA =0B

TRA LOC+2

CLA =18

ouTt AC

FND

CEFINE BINARY OPERATOR +COUNT.s PRECEDENCE SAME AS *
MODE STRUCTURE 1=1 .COUNT, 1

JMP #4+]19AC o %+2
STO T

JMP 211 ,MO %42
STQ T

JMP +1olLAs¥e2
SLW T

CLA A

STO =21

CLA B

STO =22

AXT 091

AXT 3692

CAL =Z1

TSX LOC+5 94
CAL =22

ARS 2

AXT 3442

AXC LOC+6 94 -
LBT

TRA LOC+2

TX1 LOC+1s191
ARS 1

TIX LOC=43291
TRA 194

ourT AC

END

DEFINE BINARY OPERATOR +INDes PRECEDENCE SAME AS +
MODE STRUCTURE 1= 1 INDs 1

JMP X+19ACr¥#42
STO T
JMP *4+19MQo ¥4 2
STQ T
JMP *+1oLAs¥4+2
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QQQs50

REDIP

SLW
CLA
STO
CLA
PAX
S$XD
CLA
ouT
END

JMP
STo
JMP
STQ
JMP
SLW
CLA
PDX
PXA
ouT
END

JMP
STO
JMP
sTQ
JMP
SLW
CAL
PAX
PXA
ouT
END

T
A

=71

8
Os4
£Z21v4
=21
AC

CEFINE UNARY OPERATOR oDECRes PRECEDENCE SAME AS .ABS.
MODE STRUCTURE 1= .DECR. 1

*#4+19AC ¥+ 2

T

*#+]oMQo¥*+2

T

*419LA*:2

T

8

(/R Y

Os4

AC

DEFINE UNARY OPERATOR ,ADRes PRECEDENCE SAME AS .ABSe.
MODE STRUCTURE 1= +ADR. 1

*#4+19AC o ¥+2

T

#+]19MQo¥+2

T

®#+1oLAs*+2

T

B

Ok

O

AC

RINITIALIZATIONS,

PRINT COMMENT $1CORE 3%

AIDSIO)=TT7TTTTTITTITTIK

A (CONPNT+CCNTI=TT7TITTTTTTTTTK
A(CONPNT(1)+CCNTI=TTTTTTITTTITTTIK

P'S CCNT

PRINT OCTAL RESULTS SCOPB»SCOPBI(1)

NOCNT=0

REWIND TAPE FIVE

EXECUTE SETEOF e (NASTY)

EXECUTE SETERR, (NASTY)

T'H QQQG50s FOR Q@=0s1s QQeGEe CCNT
A(GRPNT+QQ)=A(IPPNT+QQ)
A(GRPNT(1)+QQ)=A(IPPNT(1)+QQ)

PRINT OCTAL RESULTS A(5600+QQ)»A(6000+QQ)

RREMOVE ANY DESIRED RESULTS WHICH ARE INPUT PARAMETERS
TIH KTCHIPs FOR J=0sls J «eGEe CCNT

MADBUG= (A (IPPNT+J) e AcA(DRPNT+J) ) o FPARS (A(IPPNT(1)+J) sAeAl
1 DRPNT({1)+J))

W'R MADBUG
RDESIRED RESULTS FOUND ON INPUT PARAMETER LIST

T'H REDIPs FOR VALUES OF K=0,1
A(DRPNT(K)+J)=A(DRPNT{K)+J) oAe ((Ne A(IPPNTI(K)+JU))
E'L
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KTCHIP

SETUP

RELOOP

START

HUNTDR

LOOPDR

FRESH

GOTDR

ATFND1

CONTINUE
EXECUTE SUBSPT.

P'T SH*OTIME TRAP SET FOR¥* [44H* SEC.¥#$sMAXTIM
TIMTRP«(1960%MAXTIMeTRAP)

RAND=0,

SOLCNT=0

LLINE=-1

CRSW=08

sOLSw=0B

TtH SETUPSFOR I=0sls | oGe CCNT-1

LTOR( A(LRPNT(1)+1) ) = 1

RWRITE CURRENT SOLUTION COUNT AND DESIRED RESULT MATRIX

WRITE BINARY TAPE FIVEsSOLCNTsCCNTsA(DRPNT)eesA(DRPNT+CCNT-1)
1 sA(DRPNT(1))eesA(DRPNT(1)+CCNT—1)9A(GRPNT) eeesAIGRPNT+CCNT

2 ~1)9A(GRPNT(1))eee A(GRPNT(1)+CCNT—1)sNOCNT
T'O LOOPDR

RCHOOSE A CONNECTION LINE WITH DESIRED RESULTS
DRSW=0B

SOLSw=08B

T¢H LOOPDRs FOR LLINE=0s1s LLINE ¢Ge CCNT-1
RIDLIN=A(LRPNT+LLINE)
MADBUG=A(DRPNT+RIDLIN) sFPARGA (DRPNT (1) +RIDLIN)

W'R MADBUG»T'0 GOTDR

CONTINUE

W'R oNOTs DRSWs T'O SOLVED

W'R SOLSWs T'O START

RNO POSSIBLE SOLUTION EXISTS DOWN THIS PATH - BACK UP
END OF FILE TAPE FIVE

—reus e

REWIND TAPE FIVE
RRANDOMLY CECIDE WHERE TO RESTART

I=SOLCNT*RANDOM. (RAND)

LLINE=CCNT*RANDOM. (RAND)

P'T FORMls IsLLINE

T'H FRESHs FOR J=091s J +Ge I

READ BINARY TAPE FIVEsSOLCNTsCCNTsA(DRPNT) e os A(DRPNT+CCNT-1)>
1 A{DRPNT (1)) eeeA(DRPNT(1)+CCNT-1)
2 sA(GRPNT)eeeA(GRPNT+CCNT—1)s AIGRPNT (1)) eesA(GRPNT(1)4CCNT
3 ~1) sNOCNT

SOLSwW=18

T'O HUNTDR
RDESIRED RESULTS ON RIDLIN TO BE ELIMINATED

CRSw=18B

PYT SH*-ATTEMPTING TO REMOVE DESIRED RESULTS ON LINE¥®»]5%3,
1 RIDLIN

AIDCNT=1

MBECNT=0

LINE=LLINE

LINE(1)=LTOR(A(LRPNT+LINE))

MAXWT=0o
RGATHER ALL COLLECTIONS WHICH REDUCE THE DESIRED RESULTSe
T'H GATHERs FOR VALUES OF SIDE=0»s1
CONETY=A(CONPNT(SIDE)+RIDL IN)

ELPOS=+ELPOSe CONETY

PELBAS= 5%*ELPOS

ATPOS= oATPOSe CONETY

EIDPOS=EIDPOSs CONETY
RBUILD A TABLE POINTING FROM ATTACHMENTS TO CONNECTION LINES
T'H ATFND1s FOR I=091s I oGEe A(PELPNT+PELBAS+2)
ATINFO(I»SIDE)=% $

A-147




W'R (ANEGe CONETY
J=RIDLIN
XZ=ATPOS
EXECUTE AIDBLD.(SIDE)
E'L
COMP=A(LRPNT(2+SIDE)+LINE(SIDE))
WIR oANEGe COMP
TEST=eABSe COMP
O'E
TEST=A(LRPNT(3-SIDE)Y+COMP)
TeH ATFND3s FOR I=COMP»1sA(LRPNT(3-SIDE)+]I) «NIDe TEST
JEAILRPNT(1-SIDE)+])
XZz o ATPOSe A(CONPNTI(1-SIDE)+J)
WI'R LANEGe A(CONPNT(1-SIDE)+J)
W'R ATINFO(XZsSIDE) oEe $ $
EXECUTE AIDBLD.(1-SIDE)
E'L
CtE
W'R +ANEGe A(CONPNTI(SIDE)+J)
EXECUTE AIDBLD.(SIDE)
ATINFOI(XZsSIDE)= +ABSe ATINFO(XZ9¢SIDE)
O'E
ATINFO(XZ sSIDE)=J
E'L
ATFND3 E'L
E'L
T'H ATFND2s FOR I=TESTs19A{LRPNT(2+SIDE)+1I) oNIDe COMP
JEA(LRPNT(SIDE)+])
X2z, ATPOSe A(CONPNT(SIDE)+J)
W'R JANEGe A(CONPNT(SIDE)+J)
WI'R ATINFO(XZsSIDE) oEe $ §
EXECUTE AIDBLD.(SIDE)
E'L
O'E
W'R JANEGe A(CONPNT(1-SIDE})+J)
EXECUTE AIDBLD(1-SIDE)
ATINFO(XZ»SIDE)= +ABSe ATINFO(XZsSIDE)
O't
ATINFO(XZsSIDE) =J
E'L
ATFND2 E'L
T'H QQQls FOR QQ=091y QQ oGEe A(PELBAS+PELPNT+2)
W'R ((oDECRe ATINFO(QQsSIDE)) oNEe O) ¢ANDe (ATINFO(QQsSIDE)
1 eNEe $ 8 )
EXECUTE BPSPRDe(ATINFO(QQsSIDE))
PRINT OCTAL RESULTS ATINFO(QQsSIDE)
QAQQ1 E'L
PRINT OCTAL RESULTS AIDSe+¢AIDS(AIDCNT-1) ¢
T'H GATHERs FOR COLPAS=0919 COLPAS oGEes A(PELPNT+PELBAS+4)
COLBAS=A(PELPNT+PELBAS+3)+COLPASHA(PELPNT+PELBAS+2) %4
RTEST TO SEE If THE COLLECTION REMOVES ANY BITS ON THE LINE
MADBUG= (A (DRPNT+RIDLIN) ¢ AeB(COLBAS+4*ATPOS+2))eFPARe (A(DRPNT
1 (1)4+RIDLIN) e AeB(COLBAS+4RATPOS+3))
W'R MADBUG
PRINT OCTAL RESULTS B(COLBAS+4%])eeeB(COLBAS+4%*]+3)
RTHIS COLLECTION DOES REMOVE BITS FROM THE LINEe
RNOW DETERMINE A WEIGHT FOR THE COLLECTION
IPCNT=0,
IPHERE=0
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ESTPEN

SUMUP

CKNOTB

SUM

NOATBR

DRCNT=0.

IN34=08

ESTNOK=08

BITS=0

BITS(11=0

BITS(2)=0

BITS(3)=0

T'H ADDUPs FOR 120313 I «GEe A(PELPNT+PELBAS+2)
WToUT=08B

WIR ATINFO(IsSIDE) 4Ee¢ $ $» WTOUT=18
NOPAR=(oNOT o (BICOLBAS+4%1) e FPARSB(COLBAS+4%141)))¢ANDe(eNOT,(
1 BICOLBAS+4%#[+2) e FPARB(COLBAS+4¥%[+3)))

W'R NOPAR «ANDe IFBITe(B(COLBAS+4%#I1+3)935) ¢ANDes oNOTe WTOUT
1 » T'O GATHER

W'R WTOUT o.ANDe «NOTe. NOPARs T'O GATHER

WtR NOPAR ,ORe WTOUTs T'0 ADDUP

T'H ESTPENs FOR QQ = 091y QQ ,Ge 3

BITS(QQ) = BITS(QQ) oV, B(COLBAS+4*]+QQ)

WI'R IFBIT+(B(COLBAS+4%I+1)9+35)

WtR JANEGe ATINFO(I1+SIDE)
RATTACHMENT IDENTIFIER AND SUMMATION COLLECTION.
CONTINUE

WweD ATDnC aMe
- rvi. a4

W 'R (B(COLBAS+4*I+2).A.(.NoSCOPB))oFPARo(B(COLBAS+4'I+3)vo

{eMNeSCOPBI1iide 7:0 GATHER
XPCNI=IPCNT+((.NoA(ippNT+.ADR.ATINFn(I'SIQE’!,=A53(CQLBAS;,*I
1 JoeAe{ eNeSCOPB)) «COUNTe ((eNeA(IPPNT(1)+eADRe ATINFO
Z {1sSIDEI i 1eAReBICOLBAS+4¥I+1)eAeleNeSCOPB(1)))

E'L

CONETY= COLBAS INDe RIDLIN

T'H CKNOTBs FOR XI=0919(X] «GEe NOCNT) oORe (CONETY oEe
1 NOTAB(XI) )

WtR XI oLe NOCNTs T'O GATHER
RCOUNT THE BROAD-SCOPE PARAMETER BITS.

IPCNT=IPCNT+( (oNeAl{ IPPNT+¢ADRJATINFO(I+SIDE)))eAeB{COLBASH
1 4%]) eAeSCOPB) oCOUNTe ((oeNe A(IPPNT(1)+eADRe ATINFO
2 (IsSIDE)))eAe BICOLBASH+4%I+]1) oAe SCOPBI(1))

RCOUNT THE NARROW-SCOPE PARAMETER BITSe.

TI'H SUMs FOR XIzeDECReATINFO(IsSIDE)s=XI++DECRAIDS(XI)9»eANEG
1 o AIDSI(XI)

IPCNT=IPCNT+( (eNeA{IPPNTH+AIDS(XI)))eAeB(COLBASH+4%])eAe(eNo
1 SCOPB)) oCOUNTe ((eNeA{IPPNT(1)14AIDS(XI)))eAeB(COLBAS
2 +4%]+1)eAeleNe SCOPB(1)))

T'O0 SUM2

O't
RSUMMATION COLLECTION BUT NO ATTACHMENT IDENTIFIER,

T'0 SUMUP

E'L

O'E

WIR (ANEGe ATINFO(1+SIDE)

RATTACHMENT IDENTIFIERS BUT NO SUMMATION COLLECTION,
R##% CAN GET BURNED BY NARROW-SCOPE PARAMETERS ###

T'O NOATBR

C'E
RNO ATTACHMENT IDENTIFIERS AND NO SUMMATION COLLECTION

CONTINUE

IPCNT=IPCNT+( (e Ne Al IPPNT+eADRJATINFO( I sSIDE)))eAeB(COLBASH
1 4%1)) ¢COUNTe ((eNe A(IPPNT(1)+4ADRGATINFO(I1+SIDE)))
2 eAe BICOLBAS+4%]+1))
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SUM2 CONTINUE
DRCNT=DRCNT+(A(DRPNT+eADReATINFO(I9SIDE) ) eAeB(COLBAS+4*1+2))

1 oCOUNTe (A(DRPNT(1)+eADRATINFO(I+SIDE))eAeB(COLBAS+4
2 *1+3))
IN34=IN34 «ORe IFBITL(BICOLBAS+4*1+3)934)
ESTNOK=zESTNOK ¢OR { (B{COLBAS+4%]142) eAe{ sNeA{GRPNT+,ADRS
1 ATINFO(IsSIDE))))eFPAR(BICOLBAS+4*1+3)eAe(eNo
1 A(GRPNT (1)+4ADRATINFO(ISIDEY})))
IPHERE=IPHERE+B(COLBAS+4%]) oCOUNT. B(COLBAS+4%*][+1)
E'L
END OF CONDITIONAL
ADDUP CONTINUE
P'S IPCNT»IPHEREsDRCNT
SOLSw=18B
WIR TPCNT +NEe Qo
QA= (BITSeAeBITS(2))eCOUNTL(BITS(1)eAaBITS(3))
IPCNT = IPCNT + 4%QQ
gL
W'R IPHERE oEe O
RSTATEMENT COLLECTION 1S FOR COMPUTE OR ESTIMATE
W'R IN34
RTHIS IS A COMPUTE STATEMENT - GIVE IT A LARGE WEIGHT
GOODUN CONTINUE
WHGHT=100,#DRCNT
O'E
RTHIS IS AN ESTIMATE STATEMENT - GIVE IT A LOW WEIGHT
WIR ESTNOLs Tt'0O GATHER
WHGHT=DRCNT/PARCNT
EtL
Q'E
RTHIS IS A NORMAL STATEMENT - GIVE IT A REGULAR WEIGHT
WIR IPCNT oEe¢ Oe » T*QO GOODUN
WHGHT=DRCNT/ IPCNT
E'L
RNOW SAVE THE WEIGHTSs ETC,
MAXWT =MAXWT+WHGHT
CHOICE(MBECNT ) =MAXWT
CHINFO(MBECNT 91)=SIDE
CHINFO(MBECNT s2)=COLBAS
CHINFO(MBECNT »3)=PELBAS
CHINFO(MBECNT 24 )=ELPOS
CHINFO(MBECNT »5)=COLPAS
CHINFO(MBECNT »6)=EIDPOS
M3ECNT=MBECNT+1
P'T $S11sH*SIDE#I29H*s ELEMENT #C6sH¥y COLLECTION #]3¢H*y» W
1EIGHT #F9,39S10913%8s SIDEsA(PELPNT+PELBAS)sLOLPAS+1sWHGHT»
2 MBECNT
E'L
GATHER CONTINUE
W'R MBECNT oEe O
PIT SHZO®#%%% NO BITS CAN BE REMOVED FROM THIS LINEeZ%*3$
WIR ((A(DRPNT+RIDLIN}eAe{oeNeSCOPB))eFPARs (A(DRPNT(1)+RIDLIN)
1 eAe LeNeSCOPBI(1))))
PiT $HZ ##u¥x NARROW SCOPE PARAMETERS CANNOT BE REMOVEDe.Z*$
T'O RESET
C'E
T'O LOOPDR
E'L
E'L
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ATTACK

PUTWAY

SUM1

FIXUP

NASTY

TRAP

RNOW CHOOSE A COLLECTION

WHGHT=MAXWT*#RANDOM. (RAND)

T'H ATTACKs FOR [=0919 CHOICE(I) «GEe WHGHT
RWE HAVE DECIDED TO USE THE It'TH STATEMENT COLLECTION

P*T SH®OWE HAVE ELECTED TO USE CHOICE*sI3sH* FROM THE ABOVE.*
1%%y I+1

RNOW OUTPUT THE STRING OF INFORMATION FOR CORE 4.
A(SOLPNT+SOLCNT)= RIDLIN

T'H PUTWAYs FOR J=191y J ¢Ge 3
A(SOLPNT(J)+SOLCNT)=CHINFO(1yJ+13)
A(SOLPNT(2)+SOLCNT)=A(SOLPNT{2)+SOLCNT)+1

SIDE=CHINFO(Is1)

COLBAS=CHINFO(I42)

PELBAS=CHINFO(I+3)

W'R SIDE eEe 19A(SOLPNT(1)+SOLCNT)=~A(SOLPNT(1)+SOLCNT)
SOLCNT=SOLCNT+1

RNOW UPDATE THE DESIRED RESULT BITS

T'*H FIXUPs FOR J=0s1s J oGEe A(PELPNT+PELBAS+2)

WIR ATINFO(JsSIDE) eEe $ $» TtO FIXUP
A(DRPNT+eADRGATINFO(JsSIDE) )=A(DRPNT+oADRGATINFO(J9SIDE))eVe
1 B(COLBAS+4%)) '
A(DRPNT(1)+eADReATINFO(JISIDE))=A(DRPNT(1)+4ADRATINFO(J»SID
1 1)aVaBICOI RASEAS 1410

A(DRPNT+eADRGATINFO(JsSIDE) )=A(DRPNT+eADRATINFO(JsSIDE) ) oA

1 (aNaBR(COLBASSL% 1421}
A(DRPNT(114+eADRCATINFO(JISIDF) ) =A{DRPNT(1)+.ADR.ATINFO(JU3sSIDE
1 ))eAe (e NeBI(COLBAS+4%J+3))
A(DRONT+ ADRATINFCIUsSIDE ) izA(DRPNT+eADRGATINFO(J9SIDE) ) eAe
1 - (eNeA({IPPNT+4,ADRCATINFO(JsSIDE)))
A(DRPNT(1)+eADRGATINFO(JSsSIDE) ) =A(DRPNT(1)+eADRATINFO(JsSIDE
1 }))eAe (e NeAIIPPNT(1)+«ADRATINFO(J9SIDE) ))

A(GRPNT+.ADRJATINFO(JISIDE) )=A(GRPNT+oADRJATINFO(JsSIDE))eVe
1 B(COLBAS+4%J+2)
A(GRPNT(1)+eADRATINFO(JsSIDE))=A(GRPNT(1)+.,ADRATINFO(JSSIDE
1 ))eVeB(COLBAS+4%J+3)

W'R IFBIT.(B(COLBAS+4%J+1)935)
RSPRAY NARROW-SCOPE DESIRED RESULT BITS FOR SUMMATIONS.

T'H SUM]le FOR X1I=eDECRATINFO(JSSIDE) 9-XI+«DECReAIDS(XI )Y

1 o/ANEGe AIDS(X1)

NOTAB(NOCNT) = COLBAS oINDe AIDSI{XI)

NOCNT=NOCNT+1
A(DRPNT+AIDS(XI))=A(DRPNTH+AIDS(XI))eVe(BICOLBAS+4%J)eAal(eNs

1 SCOPB))
A(DRPNT(1)+AIDSI{XI))=A(DRPNT(1)+AIDSIX1I))eVe({BI(COLBAS+4%*J+]1)
1 eAs (eNe SCOPB(1)))
A(DRPNTH+AIDS(X1))=A(DRPNT+AIDS{XI))eAe (eNeA(IPPNT+AIDS(X1)))
A(DRPNT(1)+AIDS(XI))=A(DRPNT(]1)+AIDSIXI))eAeleNcA(IPPNT(]1)+Al
1 DS(XI)y))

EtL

W'R («DECRe ATINFO(J9SIDE)) eNEe O9 EXECUTE BPDELT.(ATINFO

1 (JUsSIDE) )

CONTINUE

PerT $SgsH®THE STATUS AS OF SOLUTION LINE®sI3sH® IS AS FOLLOWS
1 #%%y SOLCNT

EXECUTE SUBSPT,

T*O RELOOP

EXECUTE ERROR.
RTIME TRAP - GO TO NEXT PROBLEM.

PRINT COMMENT $0 NO SOLUTION FOUND IN THE ALLOTED TIME,S
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PRINT COMMENT $OPROBLEM STATUS FOLLOWS BELOW,.S$
T'H BBBs FOR I=0s19 I LGEe SOLCNT
BBB PetT FORM3sA(SOLPNT+1)sA(SOLPNT(1)+I)2A(SOLPNT(2)41)
1 ALSOLPNT(3)+1)
EXECUTE SUBSPT.
EXECUTE PANELe
EXECUTE SDUMP ¢(A(15999)eee TOPCOR)
EXECUTE SELPGM. (1)
RSOLUTION FOUND - RESET TIME TRAP AND NOTE TIME
SOLVED TIME = MAXTIM - RESTIM,(1)/60,
P*T FORM2s TIME
PRINT COMMENT $1SOLUTION FOLLOWS ( IN REVERSE ORDER )e$%
TtH AAAs FOR 1=0s19 I oGEe SOLCNT
AAA PsT FORM33s A(SOLPNT+I)sA(SOLPNT(1)+I)sA(SOLPNT(2)41)9A(SOLPNT
1(3)+1)
EXECUTE SEQPGM,
RFORMAT STRINGS FOR ALL 170 STATEMENTS
VIS FORM]1=3H*0BLIND ALLEY — NEW SOLCNTsLLINE ARE #,2]5%%
VtS FORM2=3H*0SOLUTION FOUND IN *#Fge29H%* SEC.#¥%%
V'S FORM3=z$S194110%$
RVARIABLE MODE DEGLARATIONS
NORMAL MODE IS INTEGER
BOOLEAN DRSWsSOLSWe IN34sWTOUT s IFBIT 4 s NOPAR
BOOLEAN ESTNOK
BOOLEAN MADBUG
BOOLEAN Y&
FLOATING POINT RANDOM«sRANDIPCNT sDRCNT sMAXWT s CHOLICE
FLOATING POINT TIME
FLOATING POINT WHGHT
RCIMENSIONING AND COMMON ALLOCATIONS
PROGRAM COMMON INDEX(99)3A(15899)sB8(1999)sBROAD(200)
ERASABLE TOPCOR
DIMENSION DRPNT(1)9sLRPNT(3)sCONPNT(1)sLTOR(399)+IPPNT(2)>»
1 CHOICE(40)sCHINFO((OoeetsO)*#6)9sATINFO((040ee20)%
2 (Oewel)) sSOLPNT(3)sLINE(])
DIMENSION AIDS(40)s XLST((Qeeel0)1%2)
DIMENSION BITS(5)sSCOPBI(1)
DIMENSION NOTAB(400)
EQUIVALENCE (A(15600)9SOLCNT)
EQUIVALENCE (A(15842) sCCNT)
EQUIVALENCE (SCOPBsA(15770))
EQUIVALENCE (PARCNT»A(15603))
EQUIVALENCE ( MAXTIM» INDEX(99))
V'S FIVE=9
VtS DRPNT=10000,10400
V+S LRPNT=10800»11200+11600+12000
VIS CONPNT=5600+6000
VS IPPNT=9200,9600
V'S SOLPNT=100+s500+900,1300
V'S PELPNT=8200
V'S GRPNT=12400,12800
INTERNAL FUNCTION
ENTRY TO SUBSPT,
P'T $1HOsT791HL»T1391HRsT18s2HLRsT2492HRLsT3593HIP19S1193HIP2
1511 93HOR1S11+3HDR2S1193HGR151193HGR2S1494HLINE®S
T'H QQQ10» FOR QQ=091»» QQ oG, CCNT-1
QQQ10 PtT FORM9sA(LRPNT+QQ)»A(LRPNT(1)+QQ)sA(LRPNT(2)+QQ)»
1A(LRPNT(3)+QQ) sA(IPPNT+QQ) s A({ IPPNT(1)+QQ) sA(DRPNT+QQ) »
2A(DRPNT(1)+QQ) sA(GRPNT+QQ) s A{GRPNT(1)4QQ)»QQ
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F'N
VS FORM9=$S5S1941695996(K12952)s16%S
E*N
INTERNAL FUNCTION (XSIDE)
ENTRY TO AIDBLDe
ATINFO(XZsSIDEY= - ( J oINDe AIDCNT)
XLST(0s1)=J
XLST(0+2)=XSIDE
XLPNT=0
T*H XBATCHs FOR XI=0s1ys XI oGe XLPNT
CONETY=A(CONPNT(XLST(XI92))+XLST(XIs1))
XAT= (ATPOS. CONETY
XSRCH T1H XSRCHs FOR XJ=0919 A(LRPNT(XLST(XTI92))4XJ) oEe XLST(XIs1)
XCOMP=A(LRPNT(2+XLST(XI92))4+XJ)
W'R JANEGe XCOMP
XTEST=eABSs XCOMP
C'E
XTEST=A(LRPNT (2-XLST(X192))4+XCOMP)
T'H XFND3s FOR TI=XCOMPs19A(LRPNT(3-XLSTIXI32))4+T]) «NIDe
1 XTEST
J=A(LRPNT (1-XLST(XI92))+T1)
WiIR XAT oEe ( +ATPOS, A(CONPNT(1-XLST(XI92))+J))
XCHK T'H XCHKe FUK [J=U91ls TJ eLe ALPNT oeURe J este ALSTITY9l)
WIR TJ oEe O oANDe XI LEs Os T10 OK1
W'R TJ «Ge XLPNT
AIDS{AIDCNT)= J oINDs (AIDCNT41)
WIR XI oNEs Os AIDS{AIDCNT )=~AIDS(AIDCNT)
AIDCNT=AIDCNT+1
0K1 CONTINUE
WI'R JANEGe A(CONPNTIXLST(XIs2))4+J)
XLPNT=XLPNT+1
XLSTIXLPNT 1)y
XLSTUXLPNT 92)=2XLST{(X1I+2)

EtL
E*L
XFND3 EtL
Evp
TtH XFND29 FOR TI=XTESTs19sA(LRPNT{24XLST(X1+2))1+TI) «NIDe
1 XCOoMP

JEAILRPNT(XLST(XI92))+TI)
WI'R XAT oEe (oATPOSe A(CONPNT(XLSTI(XI®2))+J))
XCHK 2 T'H XCHKZ2s FOR TJ=0s1s TJ eGe XLPNT oORe J oEe XLST(TJs1l)
WIR TJ eEe O «ANDe XI oEe Oy TtO OK2
W'R TJ oGe XLPNT
AIDS(AIDCNT)= J <INDs (AIDCNT+1)
WIR XI oNEe Os AIDS(AIDCNT)=-AIDS(AIDCNT)
AIDCNT=AIDCNT+1
0K2 CONTINUE
WIR JANEGe A(CONPNT({1~-XLSTI(XIs2))+J)
XUPNT=XLPNT+1
XLSTIXLPNTs1)=J
XLST(XLPNT92)=1-XLST{X]92)
E*L
E'L
XFND2 E'L
XBATCH CONTINUE
AIDS(ALIDOCNT)= 77717777 77177K
AIDCNT=AIDCNT+1
F'N
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Y1

Y2

Y3

T1

E'N

INTERNAL FUNCTION (ARG)

ENTRY TO BPSPRDe

Y4=18

T'H Y1s» FOR VALUES OF X130s1

BITS(XI)=A(IPPNT(XI)+eADRe ARG)
BITS(XI4+4)=A(GRPNT(XI)++ADReARG)

BITS(XI+2)=A(DRPNT(XI)+.ADRe ARG)

T'H Y29 FOR XJzoDECRe ARGy =XJ++DECRe AIDS(XJ)s AIDS(XJ) oEe
1 777771777177 IK

T'H Y2s FOR VALUES OF XI=0»s1
BITS(XI)=A(IPPNT(XI)+eADRAIDS(XJ))eVeBITSI(XI])
BITS(XI+4)=A(GRPNTI(XI)+eADRGAIDS(XJ})eVeBITS(XI+4)
BITS(XI+2)=A(DRPNTIXI)+¢ADRCAIDS({XJ))aVeBITSIXI+2)

T'H Y3y, FOR VALUES OF X130s1
ACIPPNT(XI)+eADReARG) = (BITS(XI1) eAeSCOPB(XI))eVeA(IPPNT(XI)+

1 «ADRe ARG)
A(GRPNT(X]I)+eADReARG)=(BITS(XI14+4)eAeSCOPBI(XI))eVeA(GRPNT(XI)+
1 e«ADRe ARG)
A(DRPNT(XI)+eADReARG) = ( (BITS(XI)eAeSCOPBIXI))eVeA(DRPNTIXI)+
1 eADROARG) ) eAe ( ¢ NeA(IPPNT(XI)+eADRLARG))

ENTRY TO BPDELT.

T'H Tl FOR XJz= oDECRe ARGH =XJ+eDECRe AIDS(XJ)s AIDS(XJ) oEo
1 7717771717177 77IK

TtH Tls FOR VALUES OF XI=0s1

W'R Y&
ACIPPNT(XI)+eADRGAIDS(XJ))=A(IPPNT(XI)+eADRGAIDSIXJ))aVelAl

1 IPPNT (XI)+eADReARG) ¢AoSCOPB(XI))

E'L
A(GRPNT(XI)+eADRGAIDS(XJ))=A(GRPNT(XI)4+eADRGAIDS(XJ))eVe(SCOP
1 BIXI)eAeA(GRPNTIX1)+eADRGARG))
A(DRPNTIXI)+eADRAIDSIXI))=(A(DRPNTI{X])+eADRSAIDS(XJ) ) eVeSCOP
1 B(XI))eAel{ eNeSCOPBIXI))eVeA(DRPNT(XI)+oADRARG) ) oA
2 (eNeA(IPPNT(XI)+eADR,AIDS(XJ)))

Y4=08B

F'N

E'N

END OF PROGRAM *

$SASSEMBLEsPUNCH OBJECT IFBITOOOIFBITO00

* 3% %
* % %
%%
* % %
* 3% %

IFBIT

SHIFT

suB
AT
WHE
IFB
OTH
ENT
CLA
STA
CAL
ARS
ANA
TRA
END

RCUTINE IFBIT,
YPICAL CALL FROM MAD WOULD BE AS FOLLOWS
NEVER IFBITe(AsN)
ITe RETURNS 18 IF A HAS A BIT IN LOCATION N.
ERWISE 0B IS RETURNED.
RY IFBIT
* 24
SHIFT
aK4K11
%%
* 194
394
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sASSEMBLEvPUNCH OBJECT RESTIMOORESTIMOO
SUBRCUTINE RESTIM,

*i} A TYPICAL MAD CALLING SEQUENCE WOULD BE AS FOLLOWS
*Ee TIME=TIMAX-RESTIMs(CELL)/60,
121 THIS SUBROUTINE WILL RESET TIME TRAP *CELL's AND RETURN THE
122 TIME DURATION THAT REMAINED AS A FULL WORD INTEGERs IN 60TH'S OF
all A SECOND.
ENTRY RESTIM
RESTIM CLA* 194

PAX 0s2

SXD CELL292

SXD CELL3s2

SXA Ash

CLA 194

STA CELLL

CALL ITMLFT GET TIME REMAINING,
CELL1 PAR *%

5T0 SVTIM

CALL SETTIM RESTORE TIME TRAP
CELL2 BLK =0p g%

CALL SETTRP CLEAN UP TRAP CELL
CELL3 BLK =09 ok¥
A AKR1T LA XY

CLA SVTIM

TRA 294
SVTIM NOP % DUMMY STORAGE BOX

END *
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SASSEMBLEs»PUNCH O0BJECT TIMTRPOOTIMTRPQO
%% SUBROUTINE TIMTRP,

R A TYPICAL MAD CALLING SEQUENCE WOULD BE AS FOLLOWS

% EXECUTE TIMTRP,(CELLsTIMEsWHERETO)

21 CELL IS THE LOGICAL TIME CELL NUMBER.

* TIME 1S THE DESIRED TIME DURATION IN 60TH'S OF SECONDS.

% WHERETO IS THE STATEMENT LABEL TO WHICH CONTROL ISTRANSFERRED ON
** % A TRAP,
ENTRY TIMTRP

TIMTRP CLA* 1+4
PAX 092
SXD TIME»?2 INIT TIMER NUMBER
SXD WHTO» 2
CLA 204
STA TIME INIT TIME INTERVAL
CLA 314
STA WHTO INIT TRAP ADDRESS
SXA Ash
CALL SETTIM
TIME BLK Wity g N
CALL SETTRF
WHTO BLK I XXY 2.
A AXT ¥4
TRA 444 RETURN TO MAIN
END *
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$ASSEMBLEsPUNCH OBJECT
ENTRY  SYSTEMsERROR

SYSTEM NOP

ERROR PXA Os4
PAC (VYA
SXA INs4

PRINT FORMAT s INsO
CALL PANEL

8CALL SDUMP 9100009 eee277777
CALL SELRCD
BLK 1992
IN PZE
FORMAT BCI1 *9H*¥ESYSTEM/ERROR CALLED FROM
END
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SCOMPILE MADs PRINT OBJECTs PUNCH OBJECT CORE4000

CLA
TMI
PXA
TRA
CLA
ourt
END

sTZ
ouT
END

AGAIN

AGAIN2

S WN -

R*'N
P'R QQ(100)
D'N ELMID(QQ) sELM(QQ) » LINENG(QQ) s COLLNO(QQ)
EQUIVALENCE (A(15603)sPARCNT)Is(A(15602)+sTELCNT )
{A(15601)sPELCNT)»1A(15851)sNOELMS)
(AC100 ) sLINENO)»(A(S500 )sELM)
{A(900 ) »COLLNO)s(A(1300)sELMID)
{A(15600) sNOSOL)
EQUIVALENCE (PELT»A(B200))s(CONL*A(5600)1)9{CONR»A(6000))
EQUIVALENCE(A(8600)sATS)
DIN ATS(1CO)
D'N PELT(300) sCONL(400)sCONR(400)sgLMLST(100)9STMNT(100)
DEFINE UNARY OPERATOR oMesPRECEDENCE SAME AS oEe.
MtE 2 = oMol
B
LOC+3
20
LOC+2
=]
AC

EQUIVALENCE (NOELMsNOELMS)
CEFINE UNARY OPERATOR +STZes PRECEDENCE SAME AS =
MIE +STZe 1

B

Z

MIE oSTZe 29 S!S oSTZ,1

N'R

B'N TWICE

VIS ONE = 1

VIS TWO = 2

V'S FOUR = &

V'S ELTAPE = SELTAPES

V'S PROLOG = S$SPROLOGS

P'N A(15999)5C(1999)sBROAD(200)
EQUIVALENCE (CsB)

D'N B(7599)

V1S MASKED = 777K

VIS 2ICK = SHOO##### CORE4 -— CHECK NO, -915s5H##uERES
V'S TSTFOR = 0B

PRINT COMMENT S1%##%#% CORE4 HAS ARRIVED, ##u&e$
(I1=09191eGEeNO SOLs ELM(I)=ELM(I)oeVe(ELMID({T)eLSe9)eVe(COLLNO
1(1)eLSe18))

PIT $4(5100K12952916)%89(120919]1+GE«NOSOLSIELM(T)sLINENO(I))
PRINT BCD RESULTS ATS.+.ATS(100)

PITESHOOR®%x# PELT TABLE###%#gxg

PRINT OCTAL RESULTS PELTeeePELT(NOELMSXS5)

TwiCce = 18

eSTZe COUNT

REWIND TAPE FOUR

W'R TSTFORs P'T ZICK» 1

SETEQOF.(C1)

READ BINARY TAPE FOURsWORD

W!R TSTFORs P*'T ZICK» 2
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Cl

cil)

c2

READY

UPHS

MUCH

W!'R WORD «Ee ELTAPE

WIR TSTFORs P*'T ZICKs 3
READ BINARY TAPE FOURSPELCNTsTELCNT9sPARCNT
NOELMS = PELCNT + TELCNT
WtR TSTFORs PRINT BCD RESULTS PELCNTsPARCNT9TELCNT s NOELMS
SKIP4(TWOsOsFOUR)

T'0 READY

ErL

WI'R TSTFORs P*'T ZICKs &4

W!'R TWICE

oSTZes TWICE

T'0 AGAIN2

EtL

TIME = -1

W!'R TSTFORs P'T 2ICK» 5
SETEOF.(C2)

TWICE = 1B
SKIP+(ONE»OsFOUR)

READ BINARY TAPE FOURs WORD
W!'R TSTFORs P'T ZICKs 6

W'R WORD oEe PROLOG

W!'R TSTFORs P'T ZICKs 7
SKIP.({ONEsO*FOUR)

T'O READY |
Eey 1
COUNT = COUNT + 3} |
W'R ~OUNT _t . 10s T'O AGAIN ;

PRINT COMMENT Se*#%%% TAPE FOUR COULD NOT BE POSITIONED CORRE
1CTLY FOR READING STATEMENT COLLECTIONS.$

SEQPGM.

TIME = TIME + 1

WI'R TSTFORs P*'T ZICK»s 8

T'O C(TIME)

W'R TSTFORs P*'T ZICKs 9

«STZ, CNT

eSTZ, STMNT

eSTZ,COLCNT

eSTZ, ELMLST

eSTZ, SCNT

eSTZ,S52

TeH SETABLs FOR ELCNT = 091 9ELCNT oGE«NOELMS
SETEOF« (BAD)

READ BINARY TAPE FOUR»s WORDSe NOATS

WI'R TSTFORs PRINT BCD RESULTS WORDSINOATSsPELT(ELCNT*5)9sELCNT
WI'R WORDS oNEe PELT(ELCNT*5)

SZ =1

E'L

SKIPe(1s19FOUR)

SETEOF « (NXTONE)

READ BINARY TAPE FOURs NOCRDSsNOCOL

W'R TSTFORs PRINT BCD RESULTS NOCRDSs NOCOL
SCNT = SCNT + 1 1
SETEOF . (BAD) \
W!'R NOCRDS «Ge O

START = CCLCNT

COLCNT = COLCNT + NOCRDS * 12

READ BINARY TAPE FOURs BI(START)eeeBI(COLCNT-1)
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W'R TSTFOR»
1P!'T $1H 12C6*39([=START5129]1eGE«COLCNTsB([)geeB(I+11))
ErL
STMNT(SCNT) = COLCNT
W'R TSTFORs P*'T ZICKs 10
T'0 MUCH
NXTONE CNT = CNT + 1
ELMLST(CNT) = SCNT
SETABL
W!'R TSTFORy P*T ZICKe 11
W'R SZ ¢Ge O9 T'O CHECK
DONCHK
W'R TSTFOR
PRINT FORMAT $8(S550110)1%#89( 1=0919T1¢GeNOELMIELMLST(I))s([=001>
11 eGeELMLST(NOELM) o STMNTI(I))
EfL
T'H GENALLs FOR I = NOSOL=-1l9=1s oLe O
{ JKQ=NOSOL~-19=1s (LINENO(JKQ) e E«LINENO(I)eANDELM{JIKQ) oE
1ELM(1))eORe { UKQeLESI))
W'R UKQ eLEe I
J = ELMLST(ELM(I) oAe MASKED) + COLLNO(I)
P'T SHO9IHERE WE GO LOOP-~DE-LOOP.9*$
SSCAN(STMNT(J)sSTMNT(JU=1)9ELMIT)sLINENO(T))
O'E
PRINT COMMENT $0 BANG» BANGs BANG eee YOU'R DEAD. (STATEMENT
1COLLECTION GENERATION DELETED)S
E'L
GENALL
W'R TSTFORs P'T ZICKy 13
PUNCH FORKMAT $TB8Os1H#*#%#$
SEQPGM.
BAD PRINT COMMENT $O#%#%#% UPHSeeeo0o0e$
SZ = 2
W'R ELCNT o4Ee O9 T'O UPHS
T'0 SETABL
CHECK P'T $S1H 12C6%39A(5600) 000 AISTMNT(SCNTY)
T'0O DONCHK
E'M
$SASSEMBLEs PRINT OBJECTs PUNCH OBJECT GETBRDOO0O
ENTRY GETBRD
I’***I"l’.‘**‘l‘*ll{{'*************i**i*’l’***l‘*i*'*l*****l*..‘l*l***"‘*"‘"'**‘l’"“

adadd ROUTINE TO SELECT A BIT BETWEEN 1 AND 36 * NUMBER OF BROAD- fallalodl

E 1) SCOPE BIT WORDS —-=---- TEST AND RETURN A 1B IF ON» A OB IF #u&x
*un OFF COEEER
PR S T TR ST T YT ST TS Y FF IR FT L XTI T LR 2T R 4 4 2 4 L AR A b
GETBRD LDQ#* 194 BIT NUMBER

DVP THREE® DETERMINE WORD BIT IS IN

XCA

PAX sl

XCA

MPY THREE®

ADD =1

sus 1v4 DETERMINE BIT TO BE EXAMINED

STA *+4

CLA 204

STA *+1

CAL® LAXD!

ALS 3 MOVE BIT TO END oF AC

TMI #*#4+3 1S BIT ON eceece
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THREE®6

TRA
CLA
TRA
PXA
TRA
DEC
END

*+3

104
s0
194
36

YES

NO
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$ASSEMBLEsPRINT OBUECTsPUNCH OBJECT PMBCDNOOO

ENTRY SET
ATS MACRO /LFS/TAGsA B
TAG CAL Avh
IRP B
STA B
IRP
ENDM
SET ATS 1(PSTO+19BCDNUMIMOVE-2 sMOVE+5+2Q-2)
ATS 2 yBCDNUM+?2
ATS 3{(ZQ-5sAA+29ZERO)
ATS 4 {BCDNUM=-2+2Q1-292Q1+92Q14+3+2Q-4)
ADD =2
STA ZQl+1
STA 2Q1+2
TRA 194

ENTRY PSTOsMOVE » BCONUM
PSTO LDQ#* 194

L XA Jel
AXT 392
TRA *+2
-3 LoL 6
-2 TX1 *4+419191
-1 STQ OUTPUT »1
TIX #=-39291
TRA *42
BCDNUM L XA Jrl
AXT 342
LDQ QQ
PXA s 0
TRA *42
-6 LOQ 2Q
-5 TX1 %#4+419101
-4 DVP =10
-3 sTQ 2Q
LGR 6
-1 STQ OUTPUT»1
TIX *#-69291
Q1 CLA OUTPUT 9]
LDQ OUTPUT=-2,1
STO OUTPUT=-2+1
STQ QUTPUT »1
SXA Jsl
TRA 194
MOVE CLA* 114
PAX 'y
CLA® 244
PAX vl
SXD *#+391
LXA Jol
-5 TXI #4192
-4 TXH #4592 o R ¥
-3 TXI #+19191
-2 CLA CARDs ¢
-1 sTO QUTPUT»1
TRA *#-5
SXA Jel
TRA 194
Q PZE
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J

CARD
ouTtPUT
QQ

FIND

FIND1

FIND2

FIND3

ZERO

WORD

AA

NEXT

ouT
QUIT

BLANK

PGMCCM
EQU

EQU
EQU
ENTRY
CLA%
STA
CLA®
ALS
STD
CLA
STA
STA
AXT
CLA
STA
AXT
CAL*
SLW
LAS
TXI
TXI
TX?
TXL
SXA
TRA
PXA
ST0
CAL
TXI1
ENTRY
CLA*
PAX
TXI
SXD
CLA*
PAX
AXT
REM
TX1!
TXH
XCL
CAL
LAS
TRA
TRA
XCL
LGL
TIX
TRA
SXA
LDQ
LGL
XCL
XCA
TRA
BCD 1
END

1000
J=1
J=73
J-74
FINDsFIND
594
FIND3
44

18

DONE
34

VEC
SAVE
092

294
ZERO
%%e]
194

2Q

%y
*#4+39191
SAVE=-1s2»

% a2
‘-

1+4

'l

.m_=a
Al X4

2Q .
DONE» 11
WORD

294

o1
*+1919-1
AAsl

194

s]

36192

%#+19101
QUTol o %%

CARD» 1
BLANK
*42

AAsl»]

6
AA=19296
QUIT
*+292

BLANK
2]

194

1sFIND2sFIND3
STARTING SUB VALUE
LAST POSITION TO BE LOOKED AT

ADD OF VEC TO SAVE SuUBS IN

ADD OF VEC TO Bt SEARCHED

WORD SOUGHT

1

"
<
4
m
x
i
(@}
z
m

~as s N e

LENGTH OF VECTOR

SUBSCRIPT OF RIGHT END

SUBSCRIPT OF LEFT END
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$

COMP1

LE MADPRINTOBJECT s PUNCHOBJECT s EXECUTE SSCANCOO
EXTERNAL FUNCTION (BOTTOMsTOPSELsNOLINE)

R'N

E'O SSCAN.

AQ(500)
BQ(299)
cQ(69)

P'R EQ(7599)
PARAMETER MQ(100)

vovOvZ2Z
- = w o
02000

. PARAMETER NQ(199)

CLA
T™MI
PXA
TRA
CLA
ouTt
END

STZ
ouT
END

P'N A(15999)9C(1999)9sBROAD(200)

EQUIVALENCE (CsB)

D'N B(7599)

D!'N PLACE(2)9SAVE(MQ) sSLISTINQ)sATSINQ)

DIMENSION AREA(AQ)sPELT{BQ)*ZPAR(CQ)

DN CARD(71)

EQUIVALENCE (A(B8600)9sATS)»(A(8200)sPELT)I»(A(15700)sFPAR)»
1 (A(15603)sPARCNT)I»(A(15772)9ZPAR) s (FPAR(70)9»BWORDS)»
2 (A(5600)sCONL) s (AL6000)sCONR)9(A(15842)9ELMCNT)

EQUIVALENCE (A(15600)sNOSOL)

EQUIVALENCE (A(15842)+CCNT)

EQUIVALENCE (PLACEsLP)s(PLACE(1)9sRP)s(PLACE(2)9CM)

D*N SAVEC(29)

DEFINE UNARY OPERATOR Mes PRECEDENCE SAME AS «Ee

MODE STRUCTURE 2 = oMe 1

B
LOC+3
)
LOC+2
=]

AC

DEFINE UNARY OPERATOR ,S5TZ.» PRECEDENCE SAME AS =
MODE STRUCTURE +STZ. 1

B

Z

WIR MINTSTs PRINT OCTAL RESULTS BOTTOM»TOPSsEL sNOLINE
WIR MINTSTs PtT $515912C6*39( 1=BOTTOM=129-1291eLeTOP3B(I)eeeB
1(I+11))

(1=09191eGe189eSTZeMINUS(I)9eSTZLPLUSI(T))

COLS = 72 - STATE

eSTZe QQZ

SLIST = 0

ELQ = EL oAe (777777K)

ELI = ELQ ¢Ae (777K)

BEGIN = EL1 *# 5 + 1

BEGIN1 = BEGIN + 1

J = T77777K

SETe(J9QQs»CARDYOUTPUT)

SELM = 8%

T'H COLECTs FOR Q = BOTTOM -124 ~129 Q JLo TOP

¢STZe SAVEC

R LOOP TO STEP THROUGH THE REGION WHERE THE CARD
R IMAGES ARE STOREDs Q BEING THE BEGINNING OF EACH
R SEPARARTE CARD IMAGE

SPREAD«(B(Q)»372C1%#$9CARDeeeCARDE)
WIR MINTSTs P!T $1H 12C6%#39B(Q)eeeB(Q+11)
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R CHECK TO SEE IF IT*S A COMMENT CARD
W'R CARD(COL) oEe COMLET

R IS IT A COMMENT CARD
P'T FUNs CARDee«CARDE

PUNCH FORMAT $72C1%*$sCARDse+CARDE

T'0 COLECT

O'R CARD(COM) oNE. $%

W!'R MINTSTs P*tT ZICKs 001

R IS IT A CONTINUATION CARD
START = STATE

START1 = STATE

C'E

W'R MINTSTs P'T ZICKs 002

START = 77777K

START1 = 0

E'L

R AT THIS POINT»s COMMENT CARDS

R HAVE BEEN PRINTED OUTs CONTINUATION
R CARDS FLAGED

FINDe (MINO2»CARDsMINUSs71sSTARTI)
R LOCATE ALL PLUS AND MINUS ZEROS

FIND1e (PLUSOsCARDSPLUS)

WIR PILUSF .OR. MINIISE. DT €5svs
1PLUS(18)

W'R MINUS E. O

W!R MINUSFs PT ZICKMs 001

MINM = 77777K

MINM = MINUS(1)

NEXTM = 3

E'L

NEXTP = 1

,‘v.I-‘éUS..u‘viIiiUSi 18) SFLUDee s

» -
~wy

SCAT
WI'R PLUS eoLe NEXTP
W'R PLUSFs P'T ZICKPs 001
MINP = 77777K
Cl'g
MINP = PLUS(NEXTP)
NEXTP = NEXTP + 2
E'L
T'O TEST
LABEL
WIR MINUS oLe NEXTM
WIR MINUSFs P'T ZICKM»00?2
R HAVE ALL MINUS ZEROS BEEN PROCESSED
MINM=T77777K
O'E
R IF NOTs GET THE NEXT ONE TO BE PROCESSED
MINM = MINUS(NEXTM)
NEXTM = NEXTM + 2
E'L
TEST
W'R MINP oLe MINM
WtR PLUSFs P'T ZICKPs 002

R ENTER HERE IF NEXT SUBSTITUTION IS TO BE
R FOR A PLUS ZERO

MOVE+(START*MINP-1)

ELM = ELQ

STIP = PLUSINEXTP-1)
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CHECK1

START = STIP

KKL = 0

T'H CHECK1ls FOR VALUES OF LETTER = LPAREN, RPARENy COMMA
W!'R PLUSFs P'T ZICKP, 003

R FIND OCCURENCES OF —(-9 =)=y =—s=-

R BETWEEN PLUS ZEROS

COUNT = 0

COUNT(1) = O

FINDe (LETTERsCARD»COUNT»STIP-1sMINP+1)

W'R COUNT «Ge 1

MOVE« (MINP-1s5TIP)

PRINT COMMENT $O**#¥ [LLEGAL NO. OF CHARACTERS ON FOLLOWING C
1ARD.$

T10 SCAT

O'E

PLACE(KKL) = COUNT(1)

E'L

KKL = KKL + 1

W!'R NOT. RPKs RP = STIP
W'R oNOTe LPK
W'R PLUSFs P!'T ZICKPs 004

LP = MINP

PAR = $%

C'E

PAR = WORDe (MINPsLP)

E'L

R NOW HAVE PARAMETER NAMES IN PAR ---

W'R PAR «Ee $89 PAR = 0

WIR PLUSFsP+T $HB8 PARAMETER NAME = 8C6%$sPAR

W!R CMK

W'R WORDe(CM»RP) oNEs $%s ELM = —ELM

WtR PLUSFe P17 SH9OATTACHMENT IDENTIFIER IS 9C69%%
1WORD G (CMsRP)

R IF THERE IS AN ATTCHMENT IDENTIFERs FLAG
R IT

C'E

CM = RP

E'L

ELM = ELM oVe (SEARCHe(ATS(PELT(BEGIN))sPELT(BEGIN]1)~1sWORDe
1(LPsCM) sNOAT ) oL Sel18)

WIR PLUSFsPITSH9O0 CM = 9169H8 RP = 816sH8 THE ATTACHMENT NA
IME 1S 8C6sH8 THE ELM WORD = 8K12%$sCMsRPsWORDe (LPsCM)sELM
R WE NOW HAVE A PACKED WORD CONTAINING
R /+ OR -/ ATT /7 EID /7 ELM /

W!'R ¢Me ELM

W'R ELM <Ee SELMs T'O OKK1

PLUSF = 18B

SELM = ELM

FINDe(ELMsCONR» SAVECINOSOL»0)

FIND3e(—ELM)

FIND2e (ELMs CONL)

FIND3e(—-ELM)

W'R PLUSFs P'T ZICKPy 005

W'R SAVEC +E. O

P¢T $H9 w#u#% FRROR ——~ ELEMENT NOT FOUNDeeose9*S$
QQ = 988
O'E

W'R PLUSFs P*'T ZICKPs 007
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TSTLIN

oKk

OKK1

oKk 2

QJ SAVEC - 1

J =
K 1
QQ = SEARCHe(SAVEC(K)sJQUsNOLINEOKK) + K
WtR PLUSFs P'T ZICKPs 008

(1=QQ9191 eGeSAVECHSAVEC(1)=SAVEC(T+1))
SAVEC = SAVEC -1

K = QQ

JaJd = JQJ - K

TeO TSTLIN

W'R SAVEC +Ee 1
P'T $Ho ##%%k% ONLY ONE OCCURENCE OF ELEMENT,9*$
SAVEC = 0

R TURN OFF THE MULTI-SUBSTITUTION SWITCH
R AND PROCEED

W'R PLUSFs P'T ZICKP,y 006
QQ = SAVECI(1)

T'0 QQERR

O'R SAVEC +Ee O

W'R PLUSF

P!T SHOO®¥*%#®% FEMENT OCCURES ONLY UN THE FKRESENI SULUIIUN L1
INEe9*S

E'L

Q@ = NOLINE

T'O QQERR

gL

SAVE = 1 + SAVE

WtR PLUSFs P*'T ZICKPs 009

R IF ELEMENT HAD AN IDENTIFER FOR THE ATT.
R SAVE THE POSITIONS FOR LATER SUBSTITUTIONS

W!'R PARK
W'R PLUSFs P!'T ZICKPs» 010
SAVE(SAVE) = J + 3

C'E

SAVE(SAVE) = J
E'L

QQ = SAVEC(1)
TOOK = 1

E'L

O'E

SECOND = 0B

W'R PLUSFs P!'T ZICKPs 011
QQ = FINDEL(ELMsCCNT~19BAD)
E'L

W'R PLUSFs P'S QQ
W'R PLUSFs P1S SAVECeseSAVECISAVECQC)
W'R PARK

R IF THERE WAS A PARAMETERs CHECK FOR BEING
R BROAD SCOPE HERE

Z3Q = SEARCH. (FPARSPARCNTsPARsNOPAR)
W!'R PLUSFy P1S 2QQ

W'R GETBRD.(ZQQ9sBWORDS)

QQ = BROAD(QQ)

W!'R PLUSFy P'S QQ

E'L
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PAR = ZPARI(Z2QQ)
NOPAR PSTO.(PAR)

W'R PLUSFs PI'T ZICKPy 012

O'E
R IF NO PARAMETER NAMEs JUST STORE NUMBER(QQ)
BCDNUM,

E'L

Wt'R PLUSFs P'T ZICKPs 013

T'0 SCAT

O'R MINM +Le MINP

W'R MINUSFs P!'T ZICKM9003
R ENTER HERE IF MINUS ZERO IS THE NEXT SUB.
COUNT = O

MOVE ( STARTsMINM=-1)

START = MINM

NXTM = NEXTM - 1

FINDe (ASTRICCARDSSCoMINUSINATM) =1 9yMINM+1)

R COUNT NOe OF ASTRICS

W'R SC

WIR MINUSFy PtT ZICKM90O&

SSC = COUNT{(COUNT)

C'E

S§SC = MINM

E'L

PAR = WORD,(SSCsMINUSINXTM))

W'R COUNT oEe O

WtR MINUSFs P'T ZICKM»0O0S5
R PAR CONTAINS A FUNCTION NAME

PRINT COMMENT SO##%%* HEY oee YOO HOO eees HERE'S ONEoevsosscsee$
START = MINUS(NXTM)

MOVE o (MINMySTART-1)

T*0 LABEL

O'R COUNT .Ee 2

W'R MINUSFs P'T ZICKMs006

R PAR CONTAINS A STATEMENT LABEL NAME
GQ = SEARCHe(SLIST(1)sSLIST(LLIST)»PARYGEN) * MULT
PSTO. (PREFIX)

T'0 LABEL

GEN

W!'R MINUSFs P'T ZICKMs0O07

SLIST = SLIST + 1

SLIST(SLIST) = PAR

R ADD THE LABEL TO THE LIST

QQ = SLIST * MULT

PSTOe (PREFIX)

T*O0 LABEL

O'E

MOVE o (MINM+19sMINUSINXTM~1))

PRINT COMMENT $O##%% | LEGAL NUMBER OF ASTRICS ON THE FOLLOW]
ING CARD.S$

R AN I1LLEGAL NUMBER OF ASTRICS APPEARED
E'L

C'E

W!R MINTSTs P'T ZICKs 003

MOVE,(STARTs71)

QAT = Q@ - 12

W'R B(QQT+C0NU)QAQMASKQEOMBQORQQQTQLOTOP

W'R MINTSTs P'T ZICKs 004

CRD OUT
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¥ VE

= 1
'T COUTsOUTPUT 44+QUTPUT(J)
=0

PUNCH FORMAT COUTs OUTPUTeeeQUTPUTI(J)
W'R FLAG

WI'R MINTSTs P*T ZICKs 005

TOOK = TOOK + 1

WIR TOOK oLEe SAVEC

W'R MINTSTs P!T ZICK» 006

QQ = SAVEC(TOOK)

2 = J
(I1=19191eGeQ@QZ9J=SAVE(]1)sBCONUM,)
J =2

T'0 CRDOUT

ErL

W'R MINTSTs P!'T ZICKs 007

«STZ, QQZ

SELM = $$

W'R MINTSTs P!'T ZICKs 008
T7777K

L
i 2
ll=R ¥}

™
COLECT

Ay

L4
LA ) 1

(%]
]
e
)
"
A ]

(2]
(&4
)

-~
v |

L

astTC YT ~ . T
N ry Lo |

-4
(4]
]

-

(o)
7
-
Q

-
(&4

W'R MINTSTs P'T
= MULT + 1

N
—
a)
ol
L J
(=]
[
—

P'R ZICK(ZICKI)

I'N FINDEL (SEL sCNT)

W'R TSTSCNs P'T ZICKe 032

SSD = 18

E'O FINDLe

W!R TSTSCNs P!'T ZICKs 033

W'R SSD

W'R TSTSCNs P'T ZICKy 034

FtN SEARCHe (CONLsCNTSELWNELM1)
NELM1 SSD = 0B

W'R TSTSCNs P'T ZICKy 035

W'R TSTSCNs P*'T ZICKs 036
F*N SEARCHe (CONR*CNTsSEL +NOELM2)
NOELM2 ERROR RETURN
E'N
BAD
W'R SECOND
PRINT COMMENT $O#%#%% COULDN'T FIND ELEMENT ON THE LIST,.$
QQ = 987
T*0O QQERR
EvL
SECOND = 18
ELM = -ELM
T*O OKK2
NOAT PRINT COMMENT $90#*%%#% ATTACHMENT COULD NOT BE FOUND IN ATS T
1ABLE.S
PtS PELT(BEGIN)eeoePELT(BEGIN+4) sATS(PELT(BEGIN) )eeeATS(PELT(
1BEGIN1)-1)
MOVEL(Z-19STIP)
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T'0 SCAT

P'R ZICK(ZICK)

VIS FUN =$1H T72C1*%

VIS ASTRIC = $#%

V'S COL = 10

VIS COM = 10

VIS COMLET = $RS

VIS COMMA = %$+8%

V1S CONW = 1,0

V'S cOUT =SeWr{1H Y T2C19'FLAG(/8('Wr(1H (TrCOL?»1H1'COLS*CL)
1 1%%

VIS ERK = SHoO#%*¥% TOO MANY ASTRICS (*) IN SPECIFICATION ON
1CARD 9/712C6%*s

VS MINO = $0s

V'S LPAREN = $(9%

VIS MULT =1

V¢S PLUSO = $0%

VIS PREFIX = $ZZW$S

V'S RPAREN = $)8%

VIS STATE = 11

ViS TSTSCN = 1B

V1S MASK = 7700k

VIS MB = 6000K

FORMAT VARIABLE COLs COLSs W
FORMAT VARIABLE FLAG

BOOLEAN PARKsICMKsRPKsLPK
BOOLEAN GETBRDe.

BOOLEAN FLAG

BOOLEAN SC

B*N SSDsSSSD

B'N TSTSCN

EQUIVALENCE (CARD(71)+CARDE)
EAUIVALENCE (PARKPAR) s (RPsRPK ) (LPsLPK) s (CMyCMK)
EQUIVALENCE (COUNTs5SC)
EQUIVALENCE (SAVE»QQZsFLAG)
EQUIVALENCE (SSD»S5SSD)

D'N MINUS(18)PLUS(18)

D'N OUTPUT(659)

D'N COUNT (4)

EQUIVALENCE (ZsMINP)

B'N SECOND

V'S MINTST = 0B

V'S PLUSF = 0B

VIS MINUSF = 1B

VIS ZICK = $H9 ###a¥ SSCAN —-— GENERAL TRACE STATION 9I5%$

VIS ZICKP = $SH9 ###%%# SSCAN -— PLUS TRACE STATION 9I5%$

VIS ZICKM = SHQ *##%% SSCAN -- MINUS TRACE STATION 915%$

VIS ZICKI = $HO ####% SSCAN -- INTERNAL FUNCTION STATION 915
1%3

V1S TSTSCN = OB

E'N
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$ASSEMBLEsPUNCH OBJECT SEARCHOO
b AR AR A E S SRl g st Al s Rl e it RIS SZT IR TNTL LS ST PRI LY

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

SEARCH

ouT

SEARCH SIMULATOR CORE4 BOYD NOV 64
CALLED BY SSCAN1

ROUTINE TO SEARCH A LIST LOOKING FOR A SPECIFIC ENTRY
RETURNS IN AC LIST SUBSCRIPT WHERE ENTRY IS FOUND
IF THE SAME ENTRY OCCURS MORE THAN ONCE ONLY THE LAST WILL BE FOUN

ARGUMENTS

196 ZERO LOCATION OF LIST
294 LAST ENTRY ON LIST

314 WORD TO BE FOUND

44 EXIT IF ENTRY NOT FOUND

CALLED FROM SSCAN1 TO SCAN FPAR LIST FOR VARIABLE NAMESs SO THAT
THE UNIQUE THREE CHARACTER NAME CAN BE FOUND ON THE ZPAR LIST

LR S A2 222222 RE TSRS IS LIS TSI ZITERR TSR T LN RLAE FERL THPPERF R T T ey

ENTRY SEARCH

CLA 194 ZERO LOCATION

STA CAS

CLA® 24 LAST ENTRY

PAX '

CLA*® 394

CAS #%e]

TRA *#42

TRA ouT WORD FOUND

TIX CASslos1l LOOP TO SEARCH BACKWARDS

AXT Os1

CASH CAS CHECK ZERO LOCATION

TRA#®* 4ok WORD NOT FOUND» ERROR RETURN
TRA *42

TRA#* 44 WORD NOT FOUNDs ERROR RETURN
PXA sl WORD FOUNDs PUT INDES IN AC
TRA 594 NORMAL RETURN

END
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INTRODUCTION

In every system for which simulation is an important method of analy-
sis there are many components or elements whose behavior must be
modeled. In some cases, there may exist sufficient theoretical back-
ground in physics, mathematics, and allied sciences to allow an
analytical model to be derived. But in most cases the real world
physical element will behave somewhat differently from the perform-
ance expected by theoretical considerations alone. Real world
'"'noise' such as gearing friction, surface roughness, and variations
in physical properties conspire to cause the actual components to
deviate from ideal behavior.

In other cases, particularly in new fields of exploration, there may
not yet exist sufficient evidence to complete an analytical modeling.
In fact, it is the true purpose of experimentation and test to build the
basis of facts required for such analysis.

The Regression Program described in this report can be of major
assistance in each of the foregoing situations. This procedure --
developed over a period of several years and applied in many diverse
areas of physical and sociological systems -- enables the careful re-
searcher, engineer, or scientist to explore an apparently unrelated set
of data for relationships that can be of significant help in deriving both
an analytical model of the phenomenon and, later, an insight into the
nature of the process itself.

The Regression Program builds such a model with the assistance of
the experimenter and tests this model against the set of observations
supplied. In the process a heuristic model of the phenomenon is con-
structed and used to explore the problem further beyond the initial
help supplied by the experimenter. Because most realistic systems
problems permit so many possible terms and variables, the heuristic
procedure reduces an almost impossible, if not economically prohibi-
tive , exhaustive search through all possibilities to a much smaller
problem in adaptive processes.

The following three sections are designed to (1) provide an understand-
ing of this procedure and (2) give detailed instructions on the method of
using this computer program and preparing the data for this analysis.
Those readers desiring to use the program in specific problems may
use the third section as a manual. It should be pointed out that very
little information is absolutely mandatory. The '"standard" values
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supplied by the program in the absence of specific instructions from
the user have been selected after many, many uses of the program.
These values will allow anew userto get some results almost immed-
iately. But with experience in particular problems the user may wish
to supply other values to get improved performance.

In addition, new features allow the user to insert special arbitrary
functions to be used in the regression analysis. Prior to this develop-
ment the user who had some insight leading him to wish, say, an
exponential or sinusoidol function to be employed did so with consider-

able difficulty.

These and other innovations are detailed in the following sections.




SECTION I

GENERATION OF A PREDICTING EQUATION

Consider a simple example; suppose that an experiment has been made
consisting of a set of observations of six variables. Regarding one of
the six as a dependent variable and the remaining five as predictor or
independent variables, the analysis determines the "'minimal'" set of
variables which may be used in a relation of the form

Y = bgy+b, X +b2X2+.....+prp (1)

where, in this case, p = 5.

The first step is to find that variable X; which best predicts Y. This is
done by correlating each of the X, to Y and selecting that X; which

e o " . L ek s
has the greatest "correlation coefficient* in absolute value, If more

*The correlation coefficient is defined as the product-moment coefficient
-of correlation: Let

G W, %)@ W, X,)

3w

X, X, = 2W,X,X, -

where t = number of observations
n = number of independent variables
i = i,i+1, i+42, ..« ,n+l
i = 1,2, <« , n+l.
Then let
e, = /XX, i=1,2,+-2,n+1

and the correlation coefficient r is then

X X))
r, = T
@;)(a;)
with the properties
r]i = rll i’j_—'l’ 2’ '°"n+1
r,; = 1.000
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than one X, shares the largest value, take the X, with the lowest sub-
script i. That is, take the first such X; encountered. Suppose that
in this instance that best i is 4. The first predicting equation is then

Y = b,+ b,X,. 2)

The b, and b, satisfy the least-squares criterion,

Succeeding steps are of slightly different form. First, the X; are sorted
into two subsets X;,; and X;. . The set Xi,' consists of all those
variables that are in the predicting equation at the time of sorting. The
set X;, 2 consists of all those variables that are not yet in the predicting
equation. T -

For each of the members of X; | the analysis computes an "importance
factor' ** which is a measure of the relative contribution of the variable
to the predicted equation. The smallest of these importance factors is

** The "importance factor' is found by using the variance contribution
for each variable. Initially, the correlation matrix r;; defined
earlier is equal to the regression matrix a, ;

ai] = ri]; i, j=1,2, «++ , n+l,

Then the variance contribution for the i-th variable is:

and where the subscript y is understood to be the dependent variable
subscript (n +1).

NOTE: If Vi > 0, then X; is not yet in the regression equation and
the V; > 0 may be regarded as the relative contribution by
the respective X; in explaining the as yet unexplained
variance in the dependent variable Y.

If V, < 0, then X, is currently in the regression equation.
The |V,| for all V; < 0 may be regarded as the relative

contribution by the respective X, to the regression prediction
of Y,

As each term is added or deleted from the regression equation,

the regression matrix a,. is modified to contain the corre-
sponding effect. !
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isolated. If the variable associated with this factor is less important
than the user requires for the variable to be retained in the equation,
then that variable is removed from the equation before continuing.

The scale used to determine whether a variable meets the "importance"
criterion is simply the probability or chance that the user is willing to
take that a variable may be left in the predicting equation that should
have been removed. The F-test measures the extent to which a variable
will contribute toward explaining the dependent variable behavior, and
tests this contribution against a purely chance correlation by comparing
the variance with and without the term. The hypothesis tested is that
the variance is equal in both cases and that any difference is due only
to chance. Thus, the term will be used only when the difference in
variance cannot be explained by chance alone. Thus, if one selects a
probability of committing an insertion error (that is, inserting a term
into the predicting equation that really does not belong in the equation)
and finds the number of degrees of freedom (roughly the number of

weighted observations), the value of F indicated by the surface is such
+l\ﬁ+ 1-‘: +I\n trf)]"c r\# l':‘ Aicnlarvrnd her +I-\n "l\nof-" tAnnma Avannda tha yralssAa AN

VAN praAN Y N Ay VA A AL VHEAL LML LAAVW Y MWANANS \JAA

the surface, then the risk is less than the probability chosen. As might
be expected, the value of F on the "threshold' surface goes to zero as
the probability goes to 1 (certainty of committing an error). In that
case, any non-negative value of F equals or exceeds the "threshold"
and the result would be to insert every term whether correlated or not.
Conversely, if one goes toward zero probability (certainty of not com-
mitting an error) the threshold value grows, approaching infinity in the
case of zero probability. Thus no value of F can exceed this threshold
and so no terms can be inserted. For any reasonable probability, the
effect of the number of data can be assessed. As the number of data
grows large, the "threshold' value approaches a constant dependent
only on the probability. As the number of data approach zero, the risk
of error is held constant by requiring larger and larger F values with
infinity as the value corresponding to '"no data.' With such a test, the
Stepwise Regression Program can control the generation of a predicting
equation so that each term possesses a maximum risk of appearing in-
correctly. Of course, many, perhaps most, terms actually appearing
in the final equation exceed the threshold by substantial amounts and thus
represent greatly reduced risks. The test insures that every term is
at least as good as the risk specified.

If the user takes a probability of error for removing variables of 0. 05

then the odds are 1 in 20 that a term may be left in the predicting
equation incorrectly. Obviously, if the user wants to make this error
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very rarely, he may set the probability of that error very low, say 0.01
or 0.001. This situation requires one additional remark. When one
asks that the chance of committing an error be made small, the chance
of committing the converse error must become large. In this case, one
increases the risk of removing variables that really belong in the equation
by decreasing the risk of leaving variables that do not belong in the
equation. If the chance of leaving a variable incorrectly were set by the
user at 1 in 10,000, it is also possible that insufficient data may have
been accumulated to allow the retention of any variables in the equation,
and the analysis can do no more than predict the average value of the
dependent variable Y by the appropriate b,. The remedy is clear: if
one wishes to set high standards, the price is additional experimentation
to produce additional evidence to support the case.

If and when all the importance factors exceed the minimum value required
for retention of the set X, | , the analysis then examines the set X, > .
For each element of this set a "potential importance factor' (as defined
earlier), is determined and the largest of these isolated. These factors
measure the relative contribution which each variable not presently in

the predicting equation might make to the equation if it were put in. The
largest of these is associated with the "best' variable at this stage. Once
again a comparison is made to insure that the risk of inserting a variable
incorrectly is in agreement with the significance of the '"best" variable
before the insertion is allowed to occur. Again, the user specifies the
risk he is willing to take of a variable being incorrectly inserted into the
predicting equation, understanding 0.05 to mean 1 chance in 20 of the
error occurring and recognizing that reducing the chances of incorrectly
inserting variables increases the chances of omitting correct variables
from lack of evidence.

Suppose that, in the example considered, X, has been retained, and that
of X,, X,, X3, X4, the variable X, best explains the behavior of Y not
explained by X4. If there is sufficient evidence to support the insertion
of X, then a new predicting equation is formed by least squares:

(n

Y = B +b.X +DbaXs. 3)

The superscripts on b, and b4 indicate that these coefficients have
undergone one modification in the process and are new values. At this
point the variables are again sorted and checked for importance and the
procedure repeated. The analysis ceases when either all the X variables
have been inserted into the predicting equation or none of the X variables
that remain as possible candidates for the equation is sufficiently impor-
tant to allow insertion.




Continuing the example, suppose that on the third step X5 is introduced,
yielding:

Y = b2+ VX, + 89X, + bs Xs. (4)

Further suppose that X, and X5 behave together in such a way that the
results is like having X, in the equation twice. In such a case, the
importance of X4 might be considerably reduced. Suppose that this is
the case and that the importance of X4 falls below the limit set by the
user. Then X4 is removed and the equation becomes:

Y = bY+ 02X, + X, (5)

Y = b(:) + b(?)X| + b2X2 + b(5X5. (6)

Now suppose that neither X3 nor X4 are sufficiently significant to allow
their insertion. The final prediction equation produced is (6). The
analysis makes available a number of statistics at eacn step wnicn may
be interpreted as a measure of goodness of fit or prediction as well

as the b values and the importance level for the term considered at
that step.

The Statistical Model

Suppose that the physical system giving rise to the preceding example
was such that it could be hypothesized that the system could be char-
acterized or described by the mathematical model:

where the B, (1=0, 1, 2, ... , 5)are unknown and possibly some of
them may be zero. E is a random error variable term which accounts
for the inability to obtain strictly reproducible data when observing the
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physical system. Setting aside the consideration of E for the moment,
the problem is that of obtaining the best estimates of the B;. It may be
observed immediately that this is the problem just considered, resulting
in Equation (6), and that the B; are estimated by b;, respectively. The
best estimates of B3 and B, are zero.

Turning attention once again to E in Equation (7), it is clear that Equa-
tion (6) is not quite complete. The randomness of E makes the prediction
of E impossible. What is possible is the determination of the likelihood
of E being inside a range of values. In other words, because of E the
measurements obtained are not exactly repeatable even if all the X's
could be set at exactly their former values. Therefore, the estimates
are possibly, but not necessarily, in error due to the influence of E.

A more nearly complete treatment of Equation (7) would

(1) estimate the B, as before;
(2) estimate the possible errors in the B, ; and
(3) estimate the variability of E.

The Stepwise Regression Program automatically estimates each of the
three items desired. The estimate of the B, has already been discussed.
The possible errors in the B; are indicated by quantities Sy called the
"Standard Error of the Coefficient' for each i. These values are such
that if one forms the interval

B, - S £B <B, + Sy (8)

then the "true" value of B may be expected to be included by this interval
in about 68% of all cases. If one extends the interval to form

B, - 2Sg £ B £ B, + 284, 9)

then this interval should include the true value in about 95% of all cases.

The variability of E is measured by a statistic called ""The Standard
Error of Estimate'. This is roughly the standard deviation of the E.
Adding additional terms to the predicting equation usually results in
reducing the standard error of estimate. The amount of reduction is

a measure of the contribution made by that variable toward the explana-
tion of Y. When the analysis is completed, this statistic measures the
behavior of Y not explained by the predicting equation and reflects the
remaining observational errors and, of course, possible errors in the
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hypothetical model. The precision of the predicting equation is reflected
by the magnitude of the Standard Error of Estimate (Sy) such that if one
uses the predicting Equation (6) to estimate Y and then forms a band
about the curve predicted by (6) of plus and minus Sy (i.e., the band is
2Sy in width and centered on the curve from (6)), then the "true' value
of Y may be expected to be included by this band in about 68% of all
cases. Again, doubling the band width to + 2Sy raises the expectation

to about 95% of all cases. In other words, when enough experimental
observations of a physical system are made accurately on good instru-
ments so as to minimize observational errors, and when the hypothetical
model correctly describes the physical system, then Sy will be small
and the predicting equation may be used to estimate Y with a measure
of the precision of this estimate interpreted as indicated.*

The analysis produces two other valuable statistics at each step of the
estimation process. The "Coefficient of Determination' ** is inter-
preted as the proportion of the total variation in Y that is -explained by
the predicting equation. The possible values lie in the range from +1.00
the ""Multiple Correlation Coefficient', which is the positive square root
of the Coeificient of Determination, will find it dispiayed aiso.

*It should be mentioned in passing that the interpretation of Sy and Sg;
should be as stated here and that it is not correct to say that about
68% of all observed values will lie within the intervals indicated for
+ S and so on.

**The Coefficient of Determination (R?) is found by subtracting the re-

-gression matrix element ayy, (Which measures the dependent variable
variance) from unity. That is, R" =1. - ay, .
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SECTION 1I

ARTIFICIAL INTELLIGENCE APPLIED TO THE
STEPWISE REGRESSION METHOD

Section I of this discussion treated the use of the Stepwise Regression
Method as it applied to those cases in which the entire set of variables
and functions of variables can be represented by a single collection of
small enough size to allow complete retention within the memory of
the machine. While some expansion might be realized by adroit pro-
gramming, a little study of the nature of the problem indicates that an
expansion in capacity of several orders of magnitude together with a
new concept of programming will be required to handle problems of
the types commonly encountered in research.

To understand the nature of the problem encountered, consider the
following example. Suppose that, as in the example of Section I, an
experiment has been made consisting of a set of observations of six
variables. Once again we regard one of the variables as a dependent
variable and the remainder as predictor or independent variables.
Assuming for the moment that only linear behavior is to be expected
from any variable (a drastic simplification), it is apparent that the
formal relation

Y = b, +b X, +... +b, X, (1)

is not completely descriptive of even this simplified case. This is
because of the possible existence of interactions between variables.
Extending the example proposed to include interaction requires the
inclusion of sets of terms of the forms

1) x;,
) X; X,
(3) xi X)Xk,

4) X; X; X, X|
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and, in this case, the single term X, X, X3 X4 X5 as possible candidates
for the predicting equation. The number of such terms is found in the
following way.

Let there be K groups of n; distinct objects (i =1, 2, ... , k) and let
there be selected j objects

A
n M=
__:5

at a time to form combinations. The number of such combinations is
readily obtained for the case n; =1 for all i (the present example
case). The number is (for n; = 1)

and the case of K =5 produces the table.

TABLEOF N; FOR n; =1 and K=5

J N; EN]
1 5 5
2 10 15
3 10 25
4 5 30
5 1 31

The table shows that even the simple example chosen has expanded the
required storage capacity from a 6 + 1 square matrix of 49 locations to
a 32 + 1 square matrix of 1089 locations. Furthermore, the usual
problem does not permit the assumption of n, = 1. The more general
case may be determined if

(1) n, is constant for all i;
(2) selection occurs always between groups and not within groups.
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Then
N, = [K!/(K-j)!j!] nl . (13)

Condition (1) is not unreasonable and condition (2) simply requires that
n; be large enough to include whatever terms might be desired to be
generated within the smaller group. That is, if one considers X2 and
X3 and wishes also to consider X5 = X2 * X3 then condition (2) requires
that X° be made a member of the n; (and not generated from X and X3).

Suppose that in the example, 10 function choices are suggested for each
of the five variables (the use of 20 or more is not uncommon in problems
concerning a single independent variable). Neglecting interactions the
problem requires 52 * 52 locations. Considering interactions and using
(13), one obtains the table:

TABLE OF N; FOR n; =10 AND K=5

j N, N,
1 50 50
2 1000 1050
3 10000 11050
4 50000 61050
5 100000 161050

Obviously this is outside the range of even projected computers since the
matrix now requires (161052)% locations.

Conventionally, work has progressed in this field by the expedient of
setting the coefficients of all but a very few of these terms identically
equal to zero. The formal relation (1) is such a reduction. This method,
while enabling some attack to be made on otherwise nearly hopeless
problems, suffers greatly for several reasons. First of all, the choice
of omitted terms is a process of discarding thousands of terms to retain
one. Secondly, the usual practice of relying on apparent fit to select
terms before the regression process begins may result in the omission
of exactly the terms needed. *

*Experience with the regression program on single independent variable
problems indicates that the terms added successively to the predicting
equation bear little relation after the first step to their partial cor-
relation coefficients with respect to the dependent variable. This is
because the added terms are always charged with explaining the as
yet unexplained variation in the dependent variable. Consequently, if
the first term entered explains the dependent variable behavior quite
well, the next term may be of quite different character in order to
explain what is left by the first term.
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A procedure is needed to conduct a search through thousands of possi-
ble terms engaging only a few dozen at a time to produce the predicting
equation. To be as effective as possible, it would be very desirable to
use each experience with the problem, whether successful or not, to
learn more about the nature of the terms that are generally useful and
thereby accelerate the search. Such techniques as ""iearning' and the
"acquiring of experience' are generally associated with nonmechanis-
tic organisms. Since it is proposed that these techniques be simulated
by the computer, this is the application of artificial intelligence to the
problem,

The program has been written so that the machine is not presented with
the condensed subset, as usually happens, but instead is given access
to all possible terms and interactions within the bounds of the number
of variables considered and the number of function choices per varia-
ble allowed. As usual in problems of this type, no straightforward
procedure can be given to proceed to the solution that does not also
appear economically prohibitive. It is not a matter of instructing the
maciiine low o sulve e provieu, bul lstead vl Wwstructing e waci-
ine how to "'learn' to solve the problem. Specifically, the machine
must "learn' how to select terms so that the set of terms chosen con-
tain those terms needed to produce predicting equations of high preci-
sion. Much remains to be done in this new and vital area. The present
effort contains only the most rudimentary learning but is written in
such a way that more sophisticated learning models can be inserted
fairly easily. Experience with the simple learning mechanism has
been extremely encouraging.

Turning to the example of 5 variables and 10 functions per variable,
the following discussion describes the nature of the learning scheme
used by the program. Suppose that no knowledge of the nature of the
more likely terms nor of the relative importance of the various term
classifiers are known a priori. A "term classifier" is one of the set
of (1) interaction order identifier, (2) variable identifier, or (3) func-
tion identifier, and is used to classify terms as to the degree of in-
teraction, variables involved, and functions of variables involved in
the term. If such knowledge is presumed known before commencing
the solution, means are provided to suggest either the initial set of
terms to try or the initial distribution of weight among the term class-
ifiers or both or neither. In the present case, neither are assumed to
be supplied so the discussion may be understood for any other case
where more information is given initially.
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Since term classifiers are not assumed to be supplied, the program
assumes no previous experience with the problem and accordingly
sets the relative likelihood of all terms equal. This is accomplished
by considering each of the classifiers as an array the elements of
which are the lengths of the components of a vector. Each component
is initially set to a unit length.

Next the initial set of terms must be generated by the program. Each
of the 161050 possible terms in this example are equally likely at this
state. The program uses a pseudo-random number generator to se-
lect (1) an interaction classifier, (2) variables to satisfy the interaction
selected, and (3) a function for each variable chosen for the interaction.
As each term is selected, a check is made to be sure that it is not a
duplicate of an earlier term chosen for the current pass. When the
number of terms (less than 60) requested by the user for each pass
have been chosen and entered in a term matrix, the program calls
upon an editor program to examine the data and the term matrix and
thereby generate the set of edited data required by the regression anal-
ysis program. The editing process consists of operating on the raw
data by referring to the term matrix for the definitions of the terms
and to subroutines to carry out the generation of the terms. Each raw
observation is converted into the edited data and a magnetic tape re-
cording of the result is made. When all the data have been edited, the
program turns to the Stepwise Regression Program to carry out the
analysis exactly as before with respect to the set of terms chosen by
the program. Upon completion of the Regression Program for this
selection of terms, a check of the generated predicting equation is
made to see if:

(1) the Coefficient of Determination is as large as the user
specified,

(2) the Standard Error of Estimate is as small as the user
specified,

(3) the number of passes executed have not exceeded the limit
by the user.

If further work is allowed as the result of these checks, the program
proceeds to examine the results of the pass just completed and in so
doing acquires "experience' concerning the types of terms most suit-
able for future use.
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This "experience' is acquired by the student program as follows.
Each term is checked against the list of terms included in the pre-
dicting equation. If a term has been successfully used in the relation,
the student (1) retains the term to be used again, and (2) increases
the probability of trying similar terms by incrementing the lengths of
the vector components of the classifier arrays that chose the terms.
If the term was not successful, the student decrements the lengths of
the vector components that selected the term. By modifying the vec-
tors by amount proportional to their current size, no term will ever
be reduced to zero probability but may have its probability made arbi-
trarily small but positive. In this way the arbitrary setting of huge
blocks of coefficients to zero is avoided and any term may at any time
be used successfully and thereby become a member of the predicting
equation until supplanted by a still be tter term,

After the student program completes the study of the previous run,

the "experience' gained is utilized to select a new set of trial terms

for the next pass. This is to say, the previously successful terms

are retained f1oin the fOTMET pass and i€ eIl Mmatiix 15 Iilled dut
with terms chosen by using the modified classifier arrays and the ran-
dom selection process. Since the classifier arrays have been modified,
the selection of new terms no longer occurs with equal probability for
all interactions, variables, and functions. Thus the search is less ran-
dom and becomes more nearly stepwise as success and failure direct
the modification of the classifier arrays. So long as it is possible to
retain terms used successfully on the previous pass and still select
some additional term or terms, the program retains the previously
successful terms. In this way, the new pass will always be at least as
"successful" as the last pass. If, however, a new pass is called for
and there is no room for additional terms, the program has encountered
a "traffic jam'" since a new pass would not be requested if the old selec-
tion had been good enough. In this situation, a fresh start is needed but
old "experience' may still provide valuable assistance in the selection
of term., The student program discards the old selection of terms
(printout of the discarded set is automatic so that human study can be
made of it) and selects a complete new set while retaining the "experi-
ence' imbedded in the classifier arrays. In this case the machine is
completely able to handle the "traffic jam' without outside help.

Another pitfall which might be encountered by the program concerns
the case in which the solution has progressed to a locally maximally
successful predicting equation. In this case, any change appears to
make the predicting equation less useful and yet the present predicting
equation is not good enough. An interesting property of the Stepwise
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Regression method for choosing the most desirable terms results in
the ability of the program to work itself out of such a situation. In
fact, several instances have been observed in which the program
accepted somewhat poorer overall fits for one or two trials in order
to retain particularly good terms and on a succeeding trial found the
fitted predicting equation to be several times better than the best pre-
vious equation.

In any case the process repeats itself, studying, grading, selecting,
editing, fitting, until the conditions on the goodness of fit are met or
until the desired number of passes have been used whichever comes
first. While one cannot be certain that the very best predicting equa-
tion possible has been found after any predetermined number of passes
(a characteristic of iterative process generally,) the procedure insures
that the best solution to date is preserved and that all trials contribute
to the improvement of the selection process.

The learning scheme employed by the student program embodies

many of the principles discussed by Friedburg, Dunham, and North

in their articles on '"learning Machines' in the I, B, M, Journal. The
student program extends these ideas and incorporates the advantages

of both random search and stepwise search. Initial passes search
rather randomly looking for promising leads. As evidence accumulates,
the mode of search becomes increasingly stepwise as the number of
"good' terms retained grow. Thus the search narrows itself into
promising areas and progress is made toward solution until either a
solution is found or the allowable number of passes is exceeded or until
a "traffic jam'" forces the random search to begin again. Random
searching of the early stages is most promising since a poor start

does not inhibit progress. Later stages have experienced some success
and therefore the modifications are less drastic to allow the previous
leads to be followed as far as they may prove to be profitable.

During the solution of any particular problem, it may happen that, when
the data are operated upon by the editor program to produce the edited
data, the size of the numbers generated may overflow or underflow the
size of the computer word. In floating point arithmetic this may occur
whenever the editor produces a non-zero number with absolute value
outside the range 10~ '® to 10*'8 because of a later production of the
sums of the squares and cross products of the terms by the Stepwise
Regression Program. In these circumstances, the student program
cannot experience ''learning'' for those terms of correct size since
they have not yet been tried for the actual curve fitting, but the student
program must "learn' about the selection of terms acceptable
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to the computer. Occasionally, it has been observed that the terms
suggested by the curve fitting process and the terms acceptable in
size to the computer may not agree. The present learning mechan-
ism is capable of correcting itself in this case without requiring hu-
man intervention,

Some final remarks may be of assistance in understanding the analysis.
First of all, a given set of data may result in more than one predicting
equation of a specified goodness of fit. This corresponds to the exist-
ence of several mathematical models of the system. Classically, this
situation leads to the development of experiments capable of distin-
guishing between the models and the retention of those models which
best describe the greatest variety of consistent circumstances accur-
ately. By randomly restarting the problem this possibility may be
investigated. If the program produces different predicting equations
upon random restarting, more evidence is needed. Failure to produce
different equations, however, does not guarantee freedom from such
difficulty but decreases the probability of this difficulty. Secondly, if
previous experience with a problem is available, prudence usually dic-
tates that the initial pass make full use of it. The program provides
ready mcans for saving previous results and for restarting with any or
all of the previous classifier arrays and term selections intact. This
same philosophy may be extended to initial runs in which the user's
training and experience or previous encounters with similar problems
may serve {o generate an initial seiection and/or weighting. The pen-
alty for a poor guess is an increased number of passes, but a good
guess results in considerable saving.

The Stepwise Regression Program with Simple Learning has been used
successfully on many test problems and actual physical component mod-
eling problems. In addition, interest in this technique has been gener-
ated in many diverse areas of the physical and social sciences. The
ability to know precisely the worth of each and every term in a predict-
ing equation, as well as the worth of the equation as a whole, as it is
supported by actual evidence, should enable extensions of knowledge in
many fields.
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SECTION III

COMMUNICATION OF INFORMATION TO THE
REGRESSION PROGRAM

Information governing output (printed and punched), type of analysis to
be executed, amount of initial experience, and descriptions of the ob-
servations and variables, is conveyed to the program through several
control cards. Parameter values are punched on these cards accord-
ing to the write-up that follows. These control cards are placed
directly after the $ DATA specification card (blue). Information on
how to read the control card write-up follows.

With every run there must be four control cards in this order:

Title Card

. Second Control Card
Third Control Card

. Learning Control Card

Depending on the contents of the problem control cards, one, several,
or all of the following groups of cards may be required:

5. Ordered Term Insertion Cards
6. Data Deck

6A. Format Specification Card
6B. Observed Data Deck
6C. Blank Data Set

7. Accumulated Learning Deck
8. Initial Pass Terms Deck

ITEM #6 MUST BE PRESENT IN EVERY RUN, Others are optional,
put if included, must be placed in the exact order listed.

Mode
This is the mode of the parameter as used in the program. If integer,

its value must be integer, and must be punched on the control cards
without a decimal point.
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If fixed point, its value may be any number within the RANGE as
stated, and should be punched on the control cards with the decimal
point in its proper place (i. e. XXX, XX)

If floating point, its value must be punched on the control cards with
the floating point format (i. e. X.XXEXX)

If Binary Coded Decimal, any legal alpha-numeric character allowed by
the MAD translater may be used.

Columns

The numbers referred to by columns are the actual column numbers
on the control cards that contain value of the applicable parameter.,

Standard Values

Certain of the parameters required on the following control cards may
be left blank and the program will insert its own standard values. These
valucs arce listed as STH "Talue in tha ccntrcl card wyite un, If no STH

VALUULUD Qi Vv 2A00V0UWU QD WM AR T LA asr vaar ~
Value is listed, and the card column pertaining to the parameter is ief

=1 w1 VY vaAT vita i U - Ki2iT <~

blank, the University of Michigan input routine will interpret it as a
negative zero. This is different from zero. Hence if parameter (17)
on control card 3 is left blank, the -0 will be interpreted the same as
a -1 by the program. In most other instances, if an integer zero is
desired, the field may be left blank.

Parameter Name

This is the name assigned to the parameter in the symbolic listing.
These are of interest to those who have occasion to make an actual
change in the program statements,

First Control Care: Title Card

MODE: Binary Coded Decimal
RANGE: Any legal alpha-numeric characters
COLUMNS: 2-72

The title card allows the user to present any title that may be desired
to be printed at the beginning of a new problem. Only one card may be
used and thetitle may appear anywhere within columns 2-72, Column 1
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is reserved for a carriage control character. Consult the executive
system write-up for the selection of carriage controls. Ordinarily
the user will punch a numeric one in column 1 so that the problem
print out will begin on a new page.

If a blank card is used, the printer will simply single space the paper.

Second Control Card

1) Estimate Coefficient of Determination

MODE: Floating Point
RANGE: 0. -1,

STD. VALUE: .96

COLUMNS: 1-10

PAR. NAME: CODTRM

This parameter is the users estimate of the expected goodness of fit
between the predicting equation surface and the data. Perfect agree-
ment is represented by a value of 1, 0; no agreement by 0. 0.

2) Standard Error of Dependent Variable

MODE: Floating Point
COLUMNS: 11-20

PAR. NAME: SIGMAY

This parameter is the users estimate of the standard error of the
dependent variable represented in this data. The value reflects the
probable errors present in the data in units of the same kind as the
data. The smaller the value of SIGMAY, the more difficult is the
task of finding an acceptable function.

3) Probability of Insertion Error

MODE: Floating Point
RANGE: 0. -1.0
STD. VALUE: .05
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COLUMNS: 21 - 30

PAR., NAME: PRBIN

This value is the probability allowed by the user that the least signifi-
cant term inserted into the predicting equation is erroneous. A value
of . 05 represents a risk of 1 chance in 20.

- 4) Probability of Deletion Error

MODE: Floating Point

RANGE: 0. -10

STD. VALUE: .05

nis value is the probability allowed by the user that a term removed
h

T r
i1 ave been

from the predicting equation for lack of support should
allowed to remain in the equation.
The probability of deletion error must not eveeed tho nrcbpbilits of
insertion error, If it does, the program may reject every term
offered.
5) Tolerance for Division and Round Off Error

MODE: Floating Point

STD. VALUES: .0001

COLUMNS: 41 - 50

PAR. NAME: TOL

This value is a bound such that if the magnitude of any division is less
than this value, no division will occur. This value is also used to
limit round off error in the matrix manipulations.

6) Number of Independent (Predictor) Variables

MODE: Integer
RANGE: 1-59
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COLUMNS: 51 - 55

PAR. NAME: NOIND

This value plus one is the total number of variables in the problem.

T Number of Passes Allowed for this Problem

MODE: Integer

STD. VALUE: 3 (or 1 if the entire problem can be treated in
one pass)

COLUMNS: 56 - 60

PAR, NAME: NOTRYS

This value is the allowed number of complete passes made on the
problem. In general, several passes will be required. However, if
the problem is simple enough ( in terms of the number of possible
terms that may be generated) it may be completed in 1 pass.

8) Number of Functions to be Considered for Each Independent
Variable

MODE: Integer

STD, VALUE: 10

COLUMNS: 61 - 65

PAR. NAME: NOFNCT

The choice of functions to be used by the program is determined by
the subroutine PFNCT,

Standard operation (no specially designated functions) provides for
access to integer powers, integer roots, and their reciprocals. The
extent of the set so generated depends upon the number of functions
allowed. The order of functions is:

FUNCTION No. 1 —-ecccemn X(@.P.1
, X (1) .P.-1
. J— X (1) .P.2
R X @ .P.-2
P ——— X@.P. 1/2
S, X (1) .P. -1/2
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and so on repeating the pattern of functions 3, 4, 5, and 6 above for
each increasing integer.

If special functions are suggested by the user, the number of special
functions must be subtracted from the total number of functions to ob-
tain the number of standard functions that will be considered, for that
particular run.

Parameter Value Standard Functions
10 thru X (I) . P, -1/3
22 thruX (I) .P, -1/6
38 thru X (I) . P. -1/10

9) Number of Terms to be Tried at Each Solution Pass
MODE: Integer
RANGE: i-059

STD. VALUE: 40 Iu“I‘ the size of the set of all terms, if possi-
\ ] &
ble)

COLUMNS: 66 - 70

PAR. NAME: NOTRMS

In general, the set of possible terms (i. e. products of functions of the
independent variables) is very large. Thus it is not generally possible
to try all possible terms at one time. The value of NOTRMS gives the
size of the subset of terms to be investigated on each pass.

If it should be possible, because of the simplicity of a given problem to
try all of the possible terms at one time, this value will be selected for
NOTRMS. Otherwise, the most desirable value is one which permits

the generation of enough terms to provide the adaptive simple learning
feature of the program with some record of success and failure on which
to base the choice of future terms,

Third Control Card

The first Ten Parameters Are Output Control

A numeric 1 suppresses the particular calculations and printing speci-
fied by the parameter. A zero or blank will represent no suppression,
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Since in most cases, this represents a very sizeable output, the user
is cautioned to select only those items of real interest. All ten para-
meters are integer.

1)

2)

3)
4)

5)
6)
7)

8)

9)

10)

OUTPUT
Raw data

Raw sums of squares and cross
products

Average (mean) values

Residual sums of squares and
cross products

Standard deviations
Partial correlation coefficients

Intermediate steps in regression
process

Predictions using the inter-
mediate step

Predictions using the final equa-
tion

Values of terms for each set of
observations

COLUMN NO,

1
2

10

PAR. NAME

INFRWDA

IFRAW

IFAVE

IFRESD

IFSIG
IFCOEN

IFSTEP

IFPRDI

LEPRED

IFPRNT

If all of the above are surpressed, the output will consist of:

1)

2)
3)

A listing of the special functions included, if any, and their func-

tion number in PFNCT,

Definitions of terms used for each pass.

Final equation found for each pass, with pertinent statistics.
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a) The F-level of the last term treated

b) The standard error of the independent variable
c¢) The coefficient of determination

d) The multiple correlation coefficient

e) The constant term, if any

f) The coefficients and their standard errors for all terms
finally retained in the equation

4) The diagonal elements of the regression matrix. Use to deter-
mine whether the analysis terminated because of tolerance (TOL)
problems or because of F-level of remaining terms not yet in
regression equation.

For most applications, the automatically produced output is sufficient;

however, the accumulated learning deck and the output external func-
tions are generally desirable, The user is again cautioned against
requesting all of the printout due to its size

11)  Output External Function Option

MODE: Integer
RANGE: 0-3
COLUMN: 11
PAR. NAME: IFOUT

The program punches and prints an external function as output that
contains the predicting equation obtained after the last regression step.
A numeric zero will give the subroutine in the MAD language, a num-
eric one, in the FORTRAN language, a numeric two, in both lanquages;
and a numeric three will suppress the printing and punching of this
output.

12) Number of Times Regression is to be Done With Random Selection
of Terms

MODE:

TYPICAL VALUES: 1-4
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COLUMN: 12

PAR. NUME: NORAND

Under normal operation, the regression analysis chooses, from the
set of terms not yet in the predicting equation, the locally best term

(i. e. with the highest F-level) tests it and, if successful, enters it into
the equation.

However, there is the possibility of two or more terms, each of whose
F-level is not quite as high as the best term, but whose combined effect
better describes the data than does the single ''locally best' term.,
Hence setting this parameter to a positive integer n will cause the re-
gression to repeat itself n times randomly choosing terms with high F-
levels on a integrated basis, and saving the best trial result.

The two parameters that might serve to indicate which trial was better
are the coefficient of determination and the standard error of the de-
pendent variable. The standard error of the dependent variable is too
greatly influenced by large deviations of relatively few data points and
makes a poor "goodness of fit'" test. Generally, standard error will
be better (i. e. lower) if the coefficient of determination gets better

(i. e. higher). Therefore, the measure of which trial result is better is
selected on the basis of the change in the coefficient of determination.
The '"best" result is that one with the largest coefficient of determina-
tion,

13) Learning Deck Printed and Punched Output Option

MODE: Integer
RANGE: 0,1
COLUMN: 13

PAR, NAME: IFPCH

A numeric one suppresses the printing and punching of the final status
of the selector arrays and the terms, both of which comprise the exper-
ience to be fed into future runs of similar data.
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14) Learning Arrays After Each Pass
MODE: Integer
COLUMNS: 14

PAR. NAME: IFLRN

An integer one suppresses the printing; blank or zero allows printing.
The learning arrays will be printed after the last pass depending upon
the value of IFPCH and will occur independently of this IFLRN,
15) Number of Interactions

MODE: Integer

STD, VALUE: 3
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16) Number of Terms Whose Order of Insertion is Specified by the

User

MODE: Integer

RANGE: 0- numbers of terms tried at each solution
pass

COLUMNS: 19 - 23

PAR. NAME: NOINIT

A non-zero value forces complete control of the order of insertion of
terms, by the user.

In general, this can be done safely and properly only when the user also
controls the definitions of the terms to be generated. The effect is to
cause the insertion of terms, in the order specified, whether signifi-
cant or not until the complete set (as specified) has been inserted.

B-29



At this point, normal regression analysis is allowed to evaluate the
situation and remove any terms found to be below the specified signi-
ficant level.

The control allows the creation of a multiple term relation (perhaps
suggested by theory) in which the individual terms are not as signifi-
icant as the combination,

17) Number of Terms Initially Defined by User

MODE: Integer

RANGE: 0 - number of terms tried at each solution
pass

COLUMNS: 24 - 28

PAR. NAME: NOINT

Defined terms under this control will be used subject to the statistical
analysis of the program unless overridden by control parameter (16).
If less than the total terms tried at each solution pass are defined by
the user, the program will attempt to generate enough new terms to
satisfy that limit.

18) Parameter Controlling the Type of Regression Analysis Executed
by the Program

MODE: Integer
RANGE: -1, 0, +1
STD. VALUE: -1
COLUMNS 29 - 33

PAR. NAME: IFCNST

(A) If greater than zero, the data is treated with respect to the
coordinate axes and the constant term is always surpressed to zero.

(B) If equal to zero, the data is treated with respect to a set of

axes translated to the means of the variables. The constant term is
not surpressed.
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(C) If less than zero, the data is treated as in part (A) but the con-
stant term is not surpressed. The constant term is treated just like
every other term, except that the constant is always inserted as the
first term in the relation and held until the next term is tried.

After this point, all constraints are removed.

Type A - Most useful when other information dictates
a zero constant,

Type B - Most useful when dealing with data that tends
to group itself about the means (biological and
sociological problems).

Type C - Most useful in dealing with physical data.

19) Weighted Data Parameter

MODE: Integer
RANGE: 0, 1
COLUMNS: 34

PAR. NAME: IFWT

If data is all of unit weight, set this parameter equal to zero or leave
column blank; if data is weighted individually, set the parameter equal
to one.

If the parameter is one, each set of data must carry its weight,

20) Extra Format Specification Parameter

MODE: Integer

RANGE: 1-9 (never punch a zero)
STD. VALUE: 1

COLUMNS: 35 - 38
PAR. NAME: NUMCDS
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If more than 1 and up to 9 format cards are needed to specify the
format for the data deck, place the total number of format cards used
in these columns. A zero punched here is an error; however, a one
will be assumed by the program if these columns are left blank.
21) Problem Number

MODE: Integer

RANGE: MODULO 32768

STD. VALUE: 1

COLUMNS: 39 - 43

PAR, NAME: NOPROB

22) Output Function Name
MODE: Binary Coded Decimal

RANGE: 6 alpha-numeric characters the first of which
must be alphabetic

STD. VALUE: Y Value

COLUMNS: 44 - 49

PAR. NAME: FNAME

This parameter is the name assigned to the output external function.
The rules for allowable function names are those of the MAD transla-
tor (or FORTRAN or both) depending on the value of IFOUT (parameter
11).

23) Previous Experience Parameter

MODE: Integer
RANGE: 0, 1
COLUMNS: 50, 51

PAR. NAME: IFTRWT
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If the parameter is equal to one, the program assumes the accumulated
learning deck is present. If the accumulated learning deck is present,
the user must make certain that any special functions suggested on that
previous run that punched the learning deck, are again included in that
same order,

24) Number Of Special Functions
MODE: Integer

RANGE: 0 - number of functions to be considered for
each independent variable

COLUMNS: 52, 53

PAR, NAME: NOSPFN

When set to zero, standard PFNCT operation giving integer powers and
roots and their reciprocals, 1s assumed, It the user wishes to suggest
other special functions such as (in MAD notation) SIN., ATAN., ELOG.
or any other function for which there is an evaluation routine available.
This parameter is set to the total number of special functions suggested.

Special Functions

The user, upon observing past runs or from physical theory or intui-
tion, might wish to make other functions besides integer powers, roots,
and reciprocals available to the program.

This can be done in the following manner:

1. Set the control parameter NOSPFN (control Card #3) equal
to the number of special functions suggested.

2. Include a special function card before the data format card
(s), listing the functions by their proper name as they would
appear in a MAD calling statement, calling on the subroutine
that evaluates them (i. e. include the suffixing dots (periods)
required by the MAD translator). Listthese names consecu-
tively in fields of seven columns starting in column one and
not extending beyond column 70. Columns 71 - 80 may be
used for identification. For example, if the user wishes to
make the sine and arc tangent function available to the pro-
gram, as well as a function he has supplied called FUNCT, ,
this card would have SIN, in column 1 - 7, ATAN, in col-
umns 8 - 14, and FUNCT, in columns 15 - 21,
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3. Include a subroutine to evaluate any functions suggested
which are not in the system library.

For example, consider the function FUNCT. which the
user wishes to define as (cos (X, ))* (loge (X)) and supply
to the program. His evaluation routine might be of the
following form,
$ COMPILE MAD
EXTERNAL FUNCTION (X1)
ENTRY TO FUNCT.
FUNCTION RETURN (COS. (X1))*(ELOG. (X1))
END OF FUNCTION
These subroutines must be placed before the binary deck
(before the $BINARY specification card)
4, Include a subroutine exactly as follows:
$ COMPILE MAD
EXTERNAL FUNCTION
ENTRY TO DATA.
EXECUTE LIST, (V)
VECTOR VALUES V =00, —, —
FUNCTION RETURN
END OF FUNCTION
The sole purpose of this subroutine is to get the special function
evaluation subroutines loaded into core, The function names

must appear in the VECTOR VALUES statement in the same order
and form that they appeared on the data card in (2).
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For example:
VECTOR VALUES V = SIN., COS., ELOG,
Fourth Control Card: Learning Control

The user may, at this stage in the development of artificial intelli-
gence programs, control some of the characteristics of the learning
mechanism, Use of the external function structure for the program
allows fairly easy modification of the various parts of the program.
With the "standard learning mechanism' as it is now used, data is
accumulated concerning three kinds of selections.

1) Order of Interaction
2) Variables Entering Interaction
3) Functions of the Variables

A torm is gencrated hv celecting interaction order. next the variable
to be concerned in the interaction and finally the functions of the vari-
ables selected. The term is the cross product of the functions of the
variables selected. The program must "learn'" which interactions are
most useful in explaining the data, which variables are most useful,
and which functions of those variables are most useful. The program
"learns" by trying to use terms selected by the program to explain the
data. If the mechanism has selected a term which is supported by the
data and retained by the regression analysis, the mechanism that se-
lected that term is modified so as to be more likely to select a term
of a similar character. On the other hand, if a term is not supported
by the data and is, thus, of no apparent utility in the equation it is
cast out and the mechanism is adjusted to be less likely to select
terms of similar character. Since the probability of selection of any
component of any allowed term should be bounded positive, the pro-
gram uses a "half-life' constant to modify the probabilities. In this
way, the relative probability of any term may be made arbitrarily
small but remains positive.

1) Number of Constants
MODE: Integer
RANGE: 3 -12

STD. VALUE: 3

COLUMNS: 1-5

PAR. NAME: NOGRDS
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The standard mechanism uses three constants. If the mechanism is
modified to require more constants, succeeding cards (up to 2) are of
format (E 21.8, 3E16.8). The format of the first card is (15, 4E16. 8).
2) Half Life Of Interaction Selector

MODE: Floating Point

RANGE: See * below

STD, VALUE: 3.0E00

COLUMNS: 6 - 21

PAR. NAME: Grades (1)

If the standard value of 3. 0EQO is used, three consecutive successes
will double the present probability (or conversely, three consecutive
failures results in a halving of the present probability).

3) Half Life Of Variable Selector

MODE: Floating Point

RANGE: See * below

STD. VALUE: 3.0E00

COLUMNS: 22 - 37

PAR, NAME: Grades (2)

4) Half Life Of Function Selector

MODE: Floating Point

RANGE: See * below

STD. VALUE: 1. 5E00

COLUMNS: 38 - 55

PAR. NAME:  GRADES (3)

* Here 1.5E000 is used since any function may be used relatively
infrequently and it is somewhat desirable to take more powerful
action on each encounter.
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A great deal of work remains to be done in exploring 'learning' mech-
anisms. It should be observed that as the constants are made larger,
the mechanism "learns' more slowly. In fact, for very large values of
the constants the mechanism is essentially deactivated. Very small
values of the constants, on the other hand, may cause wildly erratic
behavior of the mechanism since each encounter so strongly distorts
the relative probabilities.

Ordered Term Insertion Card(s)

If the parameter (16) of theThird Control Card is non-zero, the user
must supply a set of cards to define the order in which terms are to be
inserted. This allows an arbitrary equation to be generated without
regard to the statistical analysis after which the statistical analysis
may be used to discard those terms that are not sufficiently important
to meet the deletion error criterion. If a theoretical relation is avail-
able for which a study is being made to determine how the relation may
be improved thic feature may be useful. Otherwise, one must assume
the risk that some of the theoretical terms will be displaced in the
search. The user must be aware that the use of these term order
cards is a severe constraint on the analysis and treat the resulis accord-

The format is 1415, Each five columns contains a integer whose value
is the number of a term to be inserted. The first number is the first
term to be inserted, the second number is the second term and so on,
For example, if parameter (16) on the Third Control Card were three
and column five on the Ordered Term Insertion Care were six, column
ten were three and column fifteen were one, the effect would be to
insert term six, then term three and then term one after which the
Stepwise Regression Program would examine the equation to be sure
that these terms meet the deletion error criterion. If any of these
terms fail the test they will be discarded. When all of the terms in
the equation meet the deletion error test, the remaining terms not yet
in the equation will be tested for insertion. From this point on the
standard analysis is followed:

Data Deck Preparation

1. Format Specification Card

Since the data may come from various sources, the data deck
allows the data format to be specified at execution time. This is done
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by using a standard FORTRAN format statement beginning with the
word FORMAT (beginning in column seven and ending in column thir-
teen, followed by any allowable format specification that can be placed
on one card and terminating with a ")" right parenthesis in or before
column 72. For example, the following format statements would be
acceptable;

Column
7
FORMAT (5F10.2, E16. 8)
or
FORMAT (4E16.7, F10.1/4E15. 8)

This card must immediately precede the data deck, and is known as
the Format Specification Card.

2. Data Cards

Following this card are the data cards. Arbitrary formats are
allowed as described above. The data must be listed for each obser-
vation in the following order however. (All values are floating point
numbers).

1) Observation Number. There must be a positive observation
number for every observation. Run number one must appear
once and only once.

2) Independent Variables. These values are listed in order
following the observation number., The values must corres-
pond to one observation group.

3) Dependent Variable. The variable whose value is to be pre-
dicted must follow the predictor or independent variables.

4) Weight of this Observation group. The weight of the group
may be specified or can be assumed to be unity depending
on the parameter (11) of Problem Control Card.

3. End of Data Card

The actual data is then followed by a complete blank data set which
acts as a termination for the data. If any Observation Number is blank
or less than or equal to zero, the data input is terminated at that point.
Therefore, the user must take care in preparing the data deck so that
the entire set of data will be read into machine storage.
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The program automatically counts the weighted data sets to establish
the degrees of freedom for the analysis. In this way, new data can be
added to the data deck and/or old data can be deleted very easily.

The Accumulated Learning Deck

Whenever a multiple independent variable problem occurs in which a
large number of functions are allowed for each independent variable
and interactions of all orders are admitted, the result is the generation
of a very large set of possible terms that may appear in a predicting
equation. Since the most desirable equation consists of a "minimal"
set of these terms comprising those terms most significant in explain-
ing the dependent variable behavior, it becomes apparent that the
analysis must usually perform a selection process while dealing with

a segment of the entire set of terms at each encounter.

If it is possible to verify the validity of terms independently from their
methaod of initial selection then it becomes feasible to allow the machine
to select the terms using some heuristic method. The terms so se-

VR T, + 1" 1"
NANMAS An r\vvcn t}\e best nnns

lecied will not always be the correct ones or ov 2 one
although the method of selection should certainly tend to operate in
this way. The important point to observe is that the validity of the
term is tested by the regression analysis independently of the selec-
tion and the regression analysis is, therefore, not affected in any way
by the heuristic method of selection. Because of this, the heuristic
term selection method is free to select terms using any convenient
scale for choosing the terms, If the terms so selected are shown to
have validity by the regression analysis then the heuristic method
that selected the valid term is modified so as to be more likely to
select similar terms. A converse action occurs whenever the term is

shown to be invalid.

At the completion of each solution pass the current status of the selec-
tor mechanism is represented by a set of values which give:

1) The relative probability of each Interaction Order.
2) The relative probability of each Independent Variable.
3) The relative probability of each function of each variable.

Whenever no accumulated learning deck is available, parameter (12)
of the problem control parameter card is set equal to zero., The re-
sult is that the program will then assign equal unit relative probability
to all interactions, variables and functions of variables.

If previous encounters with similar problems have occurred, however,
the program has already had '"experience' with a similar problem and

B-39




can be allowed to take advantage of these encounters by providing the
accumulated learning deck that was automatically produced at the con-
clusion of the former problem together with the new problem data. If
the user desires to transmit this information to the program, para-
meter (12) of the problem control parameter card is set equal to one
and the accumulated learning deck is placed after the data deck.

The user can also suggest his own experience to the program by pre-
paring an accumulated learning deck. The format is 5E14.7. The
relative probabilities are inserted in the following order:

1) Relative Probabilities for Interactions from first order to
the maximum order for the problem.

2) The sum of the preceeding probabilities (1).

3) Relative Probabilities for Independent Variables, from the .
first to the last in the same order as they appear in the
data deck.

4) The sum of the preceeding probabilities (3).

5) Relative probabilities for each function of the first variable
followed by the sum of these probabilities.

6) Relative probabilities as in (5) for the second, third, etc.
variables.

The preceeding items are punched successively in the available fields
as specified by the format. No blank fields are permitted between
groups since every field in interpreted consecutively.

The accumulated learning produced by the machine program has each
relative probability normalized so that the mean relative probability
is unity. In this way, a problem may be easily expanded to more
variables, functions, etc. and still retain previous "experience'" by
making all new entries of unit value.

Because of the independent regression analysis of the terms chosen
from the accumulated learning it must be emphasized that this
mechanism cannot force the adoption of incorrect terms. Rather,
such an incorrect set of "experience'" would be modified progressively
by the program,. If the "experience' supplied is valid for the current
problem the result is to speed the generation of the desired equation
but invalid "experience' can only temporarily delay this generation,
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In general, if good experience is available from previous similar
problems or from the user's background the user is strongly advised
to make use of it.

Initial Pass Terms Deck

The user may suggest any initial terms that may be desired for the
first pass. If the suggested terms stem from theoretical considera-
tions and the theory is in agreement with the data, such a suggestion
will speed the generation of the predicting equation by insuring an
early treatment of likely terms. Any number of terms may be given
initially up to the total number of terms allowed for each pass. The
number of terms to be so defined by the user is given by the parameter
(17) on control card number three.

At the end of each problem and immediately following the production of
the accumulated learning deck, the program produces a set of terms
to hegin the next encounter with the problem. If the problem is con-
tinued later, these terms may be supplied by simply including these
cards foliowing ihe accumulated learning deck and sciting parameter
(17) control card three.

If the user wishes to suggest terms the procedure is the following:
(The card format is 14F5. 0)

1) Produce a card (or cards, if sufficient variables are pre-
sent) as described below for each term desired.

2) Treat each consecutive field in the above format specifica-
tion as a one to one correspondence with the independent
variables in the problem.

2A) Insert the appropriate exponent corresponding to the
particular function that is desired.

2B) Leave blank (or zero) every variable field not associ-
ated with the term.

3) Insert the interaction order in the field immediately follow-
ing the last variable field.
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For example:

Suppose the user is dealing with two independent variables and
the "standard' definition of function and desires to form the
term: X(1).P.3 X(2).P. - 1/2

The term is specified by punching a three (3.0) in column five,
a negative one-half (-0. 5) in column ten, and a two (2.0) in
column fifteen. The two in column fifteen declares the term to
be a second order interaction and thus produces the desired
multiplication of the two components of the term considered
above.
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COMPILE FORTRANSPRINT OBJECT9PUNCH OBJECT PGENQOOO CORE?

CORE 7 -- PGEN
(1) GENERATES THE FINAL EQUATION.
(2) CALLED FROM CORE 3 AND CORE 4,
PROCESS -- PRINTS AND PUNCHES THE SPECIFICATION CARDSs DIMENSIONs AND
IF APPLICABLEs THE INTEGER DECLARATION.
CTERM —- PRINTS AND PUNCHES THE CONSTANT FOR EACH TERM.
GENTRM —= PRINTS AND PUNCHES THE COMPONENTS OF EACH TERM (FOR FORTRAN
PRCGRAMS) »
GTERM —- PRINTS AND PUNCHES THE COMPONENTS OF EACH TERM ( FOR MAD
PRCGRAMS) «
SUMEQN --
(1) PRINTS AND PUNCHES STATEMENTS WHICH WILL SUM THE EQUATION.
(2) PRINTS AND PUNCHES THE TERMINATING STATEMENES OF THE PROGRAM,
CORE 1 ~-- THE STARTER PROGRAM
{1) STARTS NEW I ROBLEMS.
(2) PUNCHES THE LEARNING ARRAYS AND TERMS ARRAY IF REQUESTEDe.

alaXeNaNalaNaXaNaXaNakeXaNalaNaNaNaNaNa X

SUBROUTINE CORE7

Rsaamar a TP ACE L s ANTENMT L -
kvnnun Nv'v;-unnuuva\vvn'vcﬁﬂyv:-CUT—EDAS?MnDAqr‘

1NOINKP.EERAS-NBEGIN9DDMMYY,ITAPE9oDMoNORAND’FNAMEo

1INOPROB» TOL s PRBINYPRBOUT s NOIND I NOVAR sy NCFNCTNOTRMSNOZ - MODATANOINT
a.uOINIT,trcﬂST.!EWT.rODTDM.SxCMAY,NQTRYb.IFTRWTO!FQAWDIFAVE’IFREDD
39 IFSIGsIFCOENY IFSTEPsIFPRDIIFPRED s IFPRNTsGRADESsNOSTRT+NSTDNTsNOE
4DIT sNORGRSs ITAPE3sNCRCD3I I TAPEL INORCDGsLRAMY INVARSNOSTEP sNOPASSH IN
SDEXsXsZsNOINSNOEXITo
6ARRAYSsDEFR*SIGMAsSIGMCONINITsNsSIGY sRSQsRsVMAXsVMIN s VAR s NOMINSNO
7 MAXsXsNOENTSFLEVEL sCNSTsFLEVLSTERMSsDMY s FUNC s NOSPFN

DIMENSION ERASE(7)9ERAS(3)sEERAS(2)sDDMMYY(T)sTERMS(60+60)
1GRADES(12) sNORCD3(5) sNORCD4(5) sLRAMI3) s INVAR(60)sX(120)s INDEX(60) s
2 DATA(g0)sZ(60)sFUNCIBK0)»DMY (1000 o
6ARRAY5(61961)2AVE(60)sSIGMA(60)sCOEN(EO) »SIGMCO(0)sFLEVL(60)
EQUIVALENCE(DATA »2)

EQUIVALENCE(STDEVsCOENX)s{X{61)9AVE(]1))

IF (NBEGIN) 71257115712

711 WRITE QUTPUT TAPE 693333
3333 FORMAT(60HONO TERMS HAVE BEEN ENTERED INTO THE REGRESSION EQUATION

- )

GO TO 22
712 IF (NORAND) 713+713s714
713 IF(NOIN) 219219715
715 NIN = NOIN

Go TOo 717
114 IF(NOINKP) 21921992
92 NIN = NOINKP

717 CONTINUE
IF(CNST)19291
1 NIN =NIN+1
2 IF(IFOUT-2)4005400921
4CO IF(IFOUT-1)40194029401
401 IFFOUT=0
GO TO 300
402 IFFOUT =1
300 CALL PROCES(FNAMEsNOINDsNINSIFFOUT)
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10

331

332

333
250

350

11
20

406

21

22

23

I=1

IFI(CNST)39493

CALL CTERM{19sCNST)
I=1+1

DO 20 I1=IsNIN

I3 = 11 -1 + 1

CALL CTERM(I1sCOEN(I3))
IF(TERMS(13+60)18920+8
J1=TERMS(13+60)

J2=0

DO 11 J=1sJ1

J2=J2+1
IF(TERMS(139J2))991049
A3=TERMS(13+J2)

J3=A3
J3NFNS=J3-NOFNCT+NOSPFN
IF{J3NFNS)33293329331
FUNCT=FUNC(J3NFNS)

IN1=1
GO TO 333
FUNCT = A3
IN1=0

IF(IFFOUT 35093504250
CALL GENTRM(I1sJ2+FUNCTsIN1)
GO TO 11
CALL GTERMI{I1sJ2sFUNCTsIN1)
CONTINUE
CONTINUE
CALL SUMEQN(FNAMESNINSIFFOUT)H
IF(IFOUT=-21219606421
IFFOUT=1
1IFOUT=13
GO TO 300
CONTINUE
CONTINUE
NOEXIT=2
CALL CORE1(NIN)
RETURN
END
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$
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

OO NN N

22

20
30

COMPILE FORTRANSPRINT OBJECTsPUNCH OBJECT START100 CORE1l

CORE 1 ~- THE STARTER PROGRAM
(1) STARTS NEW PROBLEMS.
(2) PUNCHES THE LEARNING ARRAYS AND TERMS ARRAY IF REQUESTED.
PARAM —-- READS IN THE LAST THREE CONTROL CARDS AND ESTABLISHES
STANDARD VALUES FOR COMMON VARIABLES.

DATARD -- READS IN THE NAMES OF THE EXTERNALLY SUPPLIED FUNCTIONS,.
DATAIN -- READS IN THE FORMAT FOR THE DATA AND THF DATA.
RDTRWT -- READS IN THE TERM WEIGHTS IF SUPPLIED BY THE USER,

CMTRWT -- COMPUTES THE TERM WEIGHTS IF NOT SUPPLIED BY USER.

TRMCHK -- CHECKS THE TERMS IN THE EQUATION TO INSURE INDEPENDENCE.
PKTRM —-- PICKS NEW TERMSs I+Ee IT RANDOMLY PICKS INTERACTION ORDERS»
VARIABLESs FUNCTIONSs AND WHEN APPLICABLEs THE EXTERNAL

FUNCTIONS TO FILL IN THE TERMS ARRAY.
CORE4 -- THE EDITOR PROGRAM,
(1) EVALUATES THE EQUATION AND CHECKS FOR COMPATIBILITY WITH THE

MAZAIY MRS LINDN CY 7?2
FUMN b ae AAR AR Y %4 A SN e ]

(2) EVALUATES THE EQUATION FOR ALL DATA SETS,

SUBRCUTINE CORE1 (NNI)

COMMCN 119J19NOCNT sERASEsNOINTRS IFPCHs IFSMPLIERAS s FNAME »
1NCPROBs TOLsPRBINPRBOUT s NOTND s NOVAR s NOENCT s NOTRMS<NOZ « NODATASNOINT
2'NOINITSIFCNST» IFWTsCODTRMs SIGMAY s NOTRYS»IFTRWTs IFRAWs IFAVEsIFRESD
39 IFSIGIFCOENY IFSTEP»IFPRDIsIFPRED s IFPRNT9»GRADES+NOSTRTsNSTDONT#NOE
4DIT9sNORGRS» ITAPE3sNORCD3sITAPE4sNORCD4 sLRAM» INVARSNOSTEP s NOPASSs IN
SDEX9sXsZsNOINSNOEXITy
BARRAY3 s ARRAY23sARRAY 1 sDMYXXX s TERMS s DUMMY s FUNC s NOSPFN

DIMENSION ERASE(9)sFERAS(15)sDUMMY (1000) »FUNC(60)

IGRADES (12) +NORCD3(5)sNORCD4(5) sLRAM(3) s INVAR(60)9sX(120)9s INDEX(60)
2DATA(60)sZ(60)s TERMS(60960) s
4ARRAY1(60) s ARRAY2(6092)sARRAY3(60560)9yDMYXXX(1136)

EQUIVALENCE (DATA»Z)

EQUIVALENCE(STDEVCOEN»X)s(X{61)9AVE(1))

REWIND 3
IF (LRAM) 212021
21 IF(NOEXIT-1122920422
WRITE OQUTPUT TAPE 62103 sNOPROB
103 FORMAT(12HOPROBLEM NOeI5925H eee¢ NORMAL TERMINATION ///7)
IF(IFPCH) 2004200920
0 CONTINUE
0 CALL TAPE1(ITAPE3sNORCD3(1))
READ TAPE ITAPE3sARRAY1sARRAY29ARRAY3
PUNCH 101+ (ARRAY1(I)sI=1sNOIND)sARRAY1(60) s (ARRAY2(I91)sI=1sNOIND)
t5ARRAY2(6091)9s L (LARRAY3(19J)9J=19sNOFNCT)sARRAY3(1360)91=19NOIND)
101 FORMAT(5E14.7)
DO 641 I=19NNI
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PUNCH 1019(TERMS(15J)9J=19sNOIND)sTERMS(1960)
641 CONTINUE

20 NOEXIT=0
NODATA=0
LRAM=1
DO 301=1+60
DO 30 JU=1960
30 TERMS(IsJ)=0e
C THE FIRST CONTROL CARDecsocee
C READ AND PRINT HEADING
READ INPUT TAPE 74102
102 FORMAT (72H
- )
WRITE OUTPUT TAPE 69102
DOIN = PARAM(O)
IFINOSPFN)1149114,112
112 NPFN=NOSPFN-1
DOIN = DATARD(NPFNSFUNC) + DOIN
WRITE OUTPUT TAPE 69620+NOSPFNe{ (I 9FUNC(1)9)s1=1+NOSPFN)
620 FORMAT (10H6THERE ARE»13»s38H EXTERNALLY SUPPLIED SPECIAL FUNCTIONS/
174013H FUNCTION NOer2I394H IS sA695X)/)
114 CALL DATAIN
IF(IFTRWT 19291
1 CALL RDTRWT (ARRAY]1sARRAY2+ARRAY3sITAPE39NORCD3(1)9sNOINDINOFNCT)
GO TO 3
2 CALL CMTRWT
3 NOCNT=3
IFUIFCNST )4 T 7
7 IF(NOINT)555910
10 J=1
11 K=NOINT+JU-1
DO 611=JsK
READ INPUT TAPE 79101+ (TERMS(I191)+sI=1sNOIND)STERMS(11+60)
C READS IN THE TERMS IF INITALLY SUPPLIED BY THE USER,
6 CALL TRMCHK{N1sNOCNT+sTERMS sNOINDsSNOSTRT)
5 J1=NOCNT+1
NOPASS=1
IF(J1-NOTRMS)12+12913
12 ISTL = 1
DO 8 I1=J1sNOTRMS
9 CALL PKTRMITERMS s L RAMsARRAY19sARRAY29ARRAY3 sNOINDsNOFNCT)
CALL TRMCHK (N1 sNOCNTsTERMSsNOINDHWOSTRT)
ISTL=1STL+1
IF (1STL-1000) 31931932
32 NOTRMS=11-1
WRITE OUTPUT TAPE 691109 NOTRMS
110 FORMAT (41HOSELECTOR MECHANISM REDUCED NOe TERMS TO ,15)
GO TO 13
31 GO TO (9s8)sN1
8 CONTINUE
13 IF (DOIN) 20914920
14 CALL CORE4
RETURN
4 CALL TRMCHK(N]1sNOCNT sTERMSsNQINDINOSTRT)
J=2
IF(NOINT)S595911
END

B-46




$ COMPILE FCRTRANs PRINT OBJECTs PUNCH OBJECT VARSRTOO

- C VARSRT COMBINED WITH VINSRT. ALLOWS Se.0Oe OR

C TERM INSERTIONs AS DESIRED.
SUBROLTINE VARSRT
COMMON NOsNSWsNVPs 19 [19ERASEs»ICOUNT»ERAS Y
1NOPROE » TOL s PRBIN sPRBOUT s NOINDsNOVAR s NOFNCT s NOTRMSsNOZ s NODATASNOINT
2 NOINITsIFCNSTIFWTsCODTRMsSIGMAYsNOTRYSsIFTRWT s IFRAWs IFAVE s IFRESD
39IFSIGsIFCOENY IFSTEP s IFPRDI s IFPRED s IFPRNTsGRADESsNOSTRTo+NSTDNT oNOE
4DITsNCRGRSs ITAPE3+NORCD3 I TAPE4 yNORCD4sLRAM INVARINOSTEP sNOPASSIN
SDEX9XsZsNOINSNOEXITy
6ARRAYS5 sDEFRsSIGMAs SIGMCOININIToNsSTIGY sRSQsResVMAXsVMIN s VAR s NOMINsNO
TMAX9K sNOENT s FLEVEL sCNSToFLEVL
DIMENSION ERASE(Q)’ERAS(ZI)’FLVMAX(61)’IVEC(60)'
2DATA(6C)92(60)
IGRADES(lz)’NORCDB(S)9NORCD4(5)9LRAM(3)9INVAR(60)9X(120)OINDEX(60)0
6ARRAYS5 (61961 )9AVE(60)9SIGMA(K0) sCOEN(E0) sSIGMCO(B0)sFLEVL(60)

EQUIVALENCE(DATAZ)
EQUIVALENCE(STDEVaCOEN:X):(X(61)»AVE(I))
IFRANC=1
IFININIT)19291
1 NSW=2
NUP=(NOINIT-NINIT)+1]
3 VMAX=U,
VMIN=C.
NOIN=0
FLVMAX(613=C,
ITERA =1

FLVIN=FLVL (PRBIN*DEFR)
301 DO 4 I=1sNUP

GG TGO (5561 sNS¥

511 =1
GO TO 7
6 I1=INVAR(I)
7 IF(ARRAYS5(I11911)-TOL)839+9

8 IF(ARRAYS5(11s11)1+TOL)10s41541
41 ARRAY5(11511)=0.
GO T0 4

10 WRITE QUTPUT TAPE 69100911971 9ARRAYS5(11s11)
100 FORMAT (18H ERROR #¥*% ARRAYS5(I12s1HsI293H) =E17.9515Hs TOO NEGATIVE
-.)
R=Oo
N=1
200 RETURN
2 NSW=1
NUP=NCTRMS
GO TO 3
9 VAR=(ARRAY5(11sNOZ)*ARRAY5(NOZs11))/ARRAYS5(11s11)
IFCINDEX(11))11s12911
11 NOIN=NOIN+1
COEN(NOIN)=ARRAYS5(11sNOZ)*¥SIGMA(NOZ)/SIGMA(TI1)
SIGMCO(NOIN)=(SIGY/SIGMA(I1))#SQRT (ARRAYS5(1I1s11))
GO TO (13+14)9NSW
13 IF(VMIN) 15916916
15 IF(VAR-VMIN) 14914516
16 VMIN=VAR
NOMIN=11
14 FLEVL(NOIN)=VAR¥DEFR/ARRAY5(NOZsNOZ)
GO TO 4
12 VAR=ABSF(VAR)
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GO TO (120918) sNSW
120 IF(ICOUNT)17917+870
17 IF (VAR-VMAX)494918
18 VMAX=VAR
NOMAX=11
GO T0 4
870 FLVMAX(ITERA)=VAR*DEFR/(ARRAYS(NOZyNOZ)-VAR)
IF (FLVMAX({ITERA)-FLVIN)4+850+850
850 IVEC(ITERA)=I1
FLVMAX{681)=FLVMAX(61)+FLVMAX({ITERA)
ITERA = ITERA +1
4 CONTINUE
N=3
IF (ICOUNT)2005200,+801
801 ZERO=Ce
IF(FLVMAX(61)) 86998699868
869 NO =1
FLEVEL=0,
GO TO 200
868 CONTINUE
NO=0
FSPOT=FLVMAX{61)*RANDOM(ZERO)
HOLD=0,
DO 810 ITERA = 1960
HOLD =HOLD+FLVMAX(ITERA)
IF(HOLD-FSPOT)810+811+811
810 CONTINUE
811 I1=IVEC(ITERA)
VMAX =(ARRAY5( 11 sNOZ)*#ARRAYS5(NOZ+11))/ARRAYS5(I1911)
NOMAX=11
FLEVEL =FLVMAX(ITERA)
EFIN=FLVIN
G50 TO 200
END
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$ COMPILE FORTRAN» PRINT OBJUECTs PUNCH OBJECT MATRANOO

c:

100

102

MATRIX TRANSFORMATION ROUTINE.

SUBROUTINE MATRAN

COMMON NO»s I9J9ERASE S
I1NOPROB* TOL sPRBIN*PRBOUT sNOIND sNOVAR s NOFNCT s NOTRMSsNOZ s NODATASNOINT
2'NOINIToIFCNST s IFWT sCODTRMeSIGMAY sNOTRYS»IFTRWT s IFRAWSIFAVE IFRESD
33 IFSIGYIFCCENSIFSTEP»IFPRDISIFPRED»IFPRNTsGRADESINOSTRTINSTDNT sNOE
4DITsNORGRSs ITAPE39sNORCD3 91 TAPE4sNORCD4 s LRAM» INVARSNOSTEP sNOPASSs IN
SDEX9X9sZsNOINSNOEXITo
6ARRAYS sDEFR sSIGMA»SIGMCOSNINITINSSIGYsRSQesRsVMAXs VMIN9 VARINOMINSNO
TMAX 9K s NOENT o FLEVEL sCNSTsFLEVL

DIMENSION ERASE(28)
1GRADES (1z)oN0Rc03(5)-NORCDA(s)’LRAM(z)oINVAR(eo),x1120)-INDEX160)o
2DATA(6J)92(60)
6ARRAY5(61'61)’AVE(60)oSIGMA(60)’COEN(60)¢SIGMC0(6O)9FLEVL(6O)
EQUIVALENCE (DATA»Z)

EQUIVALENCE(STDEVICOENsX) s (X{61)9AVE(1))

IF(K)19192

WRITE QUTPUT TAPE 691009K

FORMAT (22H ERROR #%#% JLLEGAL K =14)

CALL CORE1

DO 3 I=1sNOZ

IF (K = 1) 493594

DO 5 J=1sNOZ

IF (J « K) 1895918

ARRAYS5{19J) = ARRAYS(IsJ)}=ARRAYS(I:K)®#ARRAYS(K+J)/ARRAYS (K oK)
CONTINUE

CONTINUE

DO 7 1=14NOZ

IF{I-K)iBsTe8

ARRAYS(TsK) = —ARRAYS(I+K)/ARRAYS(KsK)
ARRAYS5(KsI1=ARRAYS5 (K1) /ARRAYS{KK)

CONTINUE

ARRAYS5(KsK)=1e/ARRAYS5(K»K)

WRITE OUTPUT TAPE69102

CALL PRINT2(ARRAYS59NOZ)

FORMAT(1HO942(1H ) sHI1TRANSFORMED MATRIX1//)

RETURN

END
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C
C

10

11
12

13
14
15
16

17
18

20
21

COMPILE FORTRANs PRINT OBJECTs PUNCH OBJECT GRADEROO

GRADER ROUTINE USING HALF-LIFE VALUES.

N=1» IF TERM UNSUCCESSFULs N=2 IF TERM SUCCESSFULs

SUBROUTINE GRADER(A19A29A3sTRMINOTRMINOVSFINSNsGRDS» NOPROBINOGRDS)
COMMON B1sNO

DIMENSION A1(60)942(6032)9A3(60960)sTRM(60960)9sGRDS(12)sFACTORI(6)
1+81(180)

IF (NCGRDS) 1292

NOGRDS = - NOGRDS

DO 3 I1=1+3

FACTOR(2%#]~1) = e5#%(14/GRDS(1]}))
FACTOR(2%1) = 14/FACTOR(2%1~1)

IF(TRM(NO»60))99594
TRM{NO60)=~TRM (NO +60)
I11=TRM{NO»60)
A1(I1)=A1(11)*FACTOR(N)
11=0
D0 6 11=1sNOV
X=TRM(NO»s11)
IF (X-FIN) 11911910
12 = X
GO T0 7
CONTINUE
IF(X) 1296913
IF THE EXPONENT IS POSITIVE ADD1s OTHERWISE ADD 2. IF THE
X=ABSF(X)
NEG=2
GO TO 14
NEG=1
IF(X=-1e) 16915917
EXPONENT IS AN INTEGERs SUBe 29 OTHERWISE ADD O.
12=NEG
GO TO 7
INTEGR = 0
X=le/X
GO TO 18
INTEGR = =2
12=X
K=X+45
IF(K=12) 5921920
12=K
12 = 4%(12-1) + NEG + INTEGR
NUMBER ASSOCIATED WITH THE EXPONENT IS GIVEN BY
4* (EXPONENT - 1) + EXTRA NUMBERS IF POSITIVE OR NEG AND IF
AN INTEGER OR A FRACTION.
A2(T1191)=A2(I191)*%FACTOR(N+2)
A3(11912)=A3(119]12)%FACTOR(N+4)
CONTINUE
RETURN
WRITE QUTPUT TAPE 691009sNOPROBs»( Is TRM(INOSI) 9I=1960)
FORMAT (42HOERROR ### GRADER ENCOUNTERS ILLEGAL TERMe/12H PROBLEM
-NOesI15/74(8H TERM(I293H) =E1547))
CALL CORE1
END
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$COMPILE MAD sPRINT OBJUECTs PUNCH ORJECT DUMMY000
: EXTERNAL FUNCTION

ENTRY TO DATA.

PRINT COMMENT $6#***ERROR YOU SUGGESTED USAGE OF SPECIAL FUNC

1TIONS AND FORGOT THE DUMMY SULBROUTINES

EXECUTE CORE1le

FUNCTION RETURN

END OF FUNCTION *

COMPILE FCRTRANSPRINT OBJECTsPUNCH OBJECT EDITRO0O0 CORE4

$
C
C
C CORE4 -- THE EDITOR PROGRAM,

C (1) CHECKS EACH TERM FOR COMPATIBILITY WITH THE MACHINE WORD SIZEe
C MACHINE WORD SIZE.

C (2) EVALUATES EACH TERM FOR ALL DATA SETSe.

C (3) CALLED FROM CORE 1 AND CORE3.

C TAPE1l -- TAPE1(1sJ) SPACES TAPE I BY J RECORDS.

C ZFNCT —- CONTROLS THE EVALUATION OF EACH TERM s USING ONE DATA SET

C PER EVALUATION OF THE EQUATION ( THE DATA SETS BEING CONTROLED
C BY THE EDITOR PROGRAM) .

C CORE6 -- CONTROLS THE USE OF REGRESSION AND WINDUP.

C CORE7 =-- (PEGEN) GENERATES THE FINAL EQUATION,

C CORE3 -— THE STUDENT.

C (1) CONTROLS THE LEARNING PROCEDURES.

C (2) REFILS THE TERMS ARRAY,

C (3) CALLED FROM CORE4 AND WINDUPe

C

C

SUBROUTINE COREs4
COMMON NOs ERASEs IFPCH» EERASY
1NOPROB s TOL s PRBINSPRBOUTsNOIND sNOVAR s NOFNCT s NOTRMSsNOZ s NODATAsNOINT
2'NOINIT s IFCNSTs IFWT sCODTRMs SIGMAY sNOTRYSsIFTRWT s IFRAWS IFAVESIFRESD
39 IFSIGYIFCOENY IFSTEPIFPRDI» [FPREDy IFPRNTsGRADESsNOSTRTsNSTDNT oNOE
4DITIsNORGRSs ITAPE3sNORCD3 s ITAPE4sNORCD4 s LRAMs INVARSNOSTEP s NOPASSsIN
SDEXsXsZsNOINSNOEXIT
S DMYXXXsTERMSSCRDTA
DIMENSION ERASE(12)s EERAS{(17)»
1GRADES(12) sNORCD3(5)sNORCD4(5)sLRAM(3) s INVAR(60)sX(120)s INDEX(60)
2DATALEO0)sZ2(60)s TERMS (60360
S5DMYXXX(3916)9CRDTA(1000)
EQUIVALENCE(DATA»Z)

EQUIVALENCE(STDEVsCOENsX)s{(X{61)9AVE(1))

WRITE OUTPUT TAPE 69101 +NOPROBsNOPASSsNOIND ¢NOTRMS
IFERR1=0
CALL TAPE1(ITAPE3sNORCD3(2))
ISW=C
1cC=C
DO 3 I=19sNODATA
C LOOP EVALUATES THE FUNCTION FOR ALL DATA SETS,
MAX=1CC+NOVAR+?2
IF (MAX-1000) 90199019902
9C1 ICC=ICC+1
RUN=CRDTA(ICC)
DO 903 J=1sNOVAR
ICC=1CC+1
9013 X({J)=CRDTA(ICC)
ICC=1CC+1
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902

1

12

24
25

26

30

102 FORMAT (9HOPASS NOe.I5955H BEGUN

4
00

3

20

31

WHT=CRDTA(ICC)
GO TC 904

IF(ISW) 90599069905
REWIND ITAPE4
ISW=1

READ TAPE ITAPE4sRUN» (X(J)sJ=19sNOVAR) s WHT

IF THERE ARE MORE THAN 1000 +ATA POINTS (=z(NOVAR*2)#NODATA)
THE REMAINILG POINTS ARE ON TAPE 4.

CONTINUE

CALL ZFNCT(IsXsNOINDsWHT sZ s TERMSsNOTRMSINOFNCTsNOZsIFERR

~sNOSTRT s IFPRNT sNOPASS»RUN)
IF (IFERR)49394
WRITE QUTPUT TAPE 69100sRUN

FORMAT (23HOERROR ##%# DATA SET NOeF5e0)

IFERR1=1

WRITE TAPE ITAPE3IRUNs(Z{1)sI=19sNOZ)sWHT

IF(IFERR1)24920924
REWINC ITAPE3
REWINC ITAPE4

IF (IFCNST)5969%6

IF (NOPASS-1)798+7
NOINIT=1

GO TO0 9
IFINOINIT)797+10
DO 11 I=1sNOINIT
J1=NOINIT+2~-1I
J2=J1-1
INVAR(J1)=INVAR(J2)
NOINIT=NOINIT+1
INVAR(1)=1

CALL CORE®6
IF(NOPASS-1)13512+13
NOINIT=0

Go TOo 12

LOOP PUSHES THE GOOD TERMS DOWN INTO THE FIRST N POSITIONS.

DO 25 I=19sNOIN
INDEX(I)=1
I=NOIN+1

DO 26 I=1sNOTRMS
INDEX(1)=0

NOIN = -NOIN
NOPASS = NOPASS+1
REWINC ITAPE3
REWIND ITAPE4
IF(NOTRYS—-NOPASS)30+31931
LRAM = 1.

NOIN = -NOIN

IF (IFPCH) 29291
CALL PRINT4(1)
CALL CORE7?

WRITE OUTPUT TAPE(+102sNOPASSsNOPROB

NOEXIT =2
CALL CORE3
RETURN

~R PROBLEM NOe15/777)

(AFTER ERROR DETECTED BY EDITOR) FO

101 FORMAT(1S5H1EDITOR PROGRAM///12H PROBLEM NO.15/18H SOLUTION PASS NO
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-e15/31H NOe. OF INDEPENDENT VARIABLES =15/21H NO. OF TRIAL TERMS =1
-577)
END




$ASSEMBLEsPUNCH OBJECT STDRDOOO
ENTRY STDRD

REM
REM
REM SUBROUTINE TO INSERT STANDARD VALUES FOR
REM NOFNCT sNOTRYSONOINTRsIFCNST s NUMCDSsNOTRMS s TOL +PRBIN
REM PRBOUT s CODTRMsNOPROB s FNAME
REM
REM
STDRD SXA HOLD1 4
SXA HOLD2y2
AXT 1292
LOOP CLA* 194
TPL *4+3
ARS 18
TZE BLANK
NECR TX1 *+19490-1
TIX LOOPs 2,1
HOLD1 AXT E T XY
HOL D2 AXT Ry 2
CLA*® 1294
suB BLNK
TNZ *4+3
CLA LIST
STO* 1294
TRA 1294
BLANK CLA LIST+1y2
STO* 144
TRA DECR
PZF 910
PZE 993
PZE ’93
MZE 091
PZE ssl
PZE 2940
DEC ¢0001940514059497
PZE 91
LIST 8CI 1s YVALUE
BLNK BC1! 1
END

B-54




$ COMPILE FORTRANSPUNCH OBJECTsPRINT OBJECT MATINOOOO
COMMON DMMY s NOsNOGRDSsEFOUTsEF INsRUNSWHT s IFERRsNVP1 s NUMCDS s ICOUNT »
1IFLRNs IFOUT sNOINTR IFPCHYNOPASKsNOINKPsBLANK19BLANK2sBLANK3sBLANK S

2'BLANKS»BLANK6 9BLANK7sBLANKBs BLANK9sBLNK10sBLNK11»ITAPE9s IFRWDA SN
30RAND s FNAME s DMMMY s L RAM

DIMENSION DMMY (180) sDMMMY(55)
ITAPES=9
CALL IOHSIZ(1l)
CALL FTRAP
LRAM=0
REWIND ITAPE9
CALL CORE1
END
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$ COMPILE FORTRANsPUNCH OBJECTsPRINT OBJECT

5
1
2
3

4

FUNCTION ALTRMS (NOINTRsNOVARSNOFUN)
IF (NOINTR-NOVAR) 23291
NOINTR = NOVAR
IF (NOINTR) 49394
NOINTR =NOVAR
GO TO 5
F=NOFUN
FI=FCT(NOVAR)
IFIFI-1.FE20)7.8.8
ALTRMS=999999.
GO TO 9
ALTRMS=0,
DO 6 J=1sNOINTR
1=NOVAR-J
ALTRMS=ALTRMS+(FI®F#*%J)/(FCT(1)XFCT(J))
RETURN
END
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s COMPILE FORTRAN» PRINT OBJUECTs PUNCH OBJECT

C.

100
101

102

SPECIAL ARRAY PRINTER ROUTINE NOe 2.

SUBROUTINE PRINT2(AsN)

DIMENSION A(61961)

NM1=N-1

WRITE OQUTPUT TAPE 651009((1sJsA(IsJ)sJ=1sNM1)sI=]1sNM1)
FORMAT (3(8H TERM(12910H) VS TERM(I293H) =F157))
WRITE JUTPUT TAPE 69101s(IsA(IsN)sI=]9sNM1)

FORMAT(3(8H  TERM(I2+15H) VS Y =F1547))
WRITE OUTPUT TAPE 691029A(NsN)

FORMAT(6(1H )19HY 'R) Y =£1567)
RETURN

END
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$ COMPILE FORTRANs PRINT OBJECTs PUNCH OBJECT

C

100

101

SPECIAL ARRAY PRINTER ROUTINE NOe 3
SUBROUTINE PRINLT3(AsN)
DIMENSION A(61)

NM1 =N-1

WRITE QUTPUT TAPFE 631009 (T9sA(1)sI=19NM1)
FORMAT(4(10H TERM(T12+3H) = E15,7))
WRITE OUTPUT TAPF 691019A(N)
FORMAT(10(1H ) s5HY = E1547)

RETURN

END
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5 COMPILE FCRTRANs PRINT OBJECTs PUNCH OBJECT PI1CKEOOO
C PICKE PICKS THE EXPONENTS OR SPECTAL FUNCTION NUMBER o
SUBROUTINE PICKE(IsAsNsT)
COMMCN B1sNOsB2sNOFNCTsB3sLRAMsDUMsNOSPFN
DIMENSION T(60’60)’A(60o60)’81(180)082(36)'83(48).DUM(8702)
4 All+60)=0
DO 1 J=1>sN
1 A{I96C)=A{T1960)+A(TsJ)
RN = A(I960)*%RANDOM(LRAM)
T1=00
DO 2 J=1sN
T1=T1+A(1sU)
IF(RN=-T1)39392
2 CONTINUE
GO TO 4
3 IF (J-NOFNCT+NOSPFN) 2039203414
2013 IF (XMODF(J92))33944933
C ODD J FOR INTEGER POWERS AND ROOTSe
C EVEN J FOR RECIP. INTEGER POWERS AND ROOTS.
33 K=J/2+1
K2=1
GO TO 5
44 KN=J7 E
K2=2
5 K1=K/72+1
IF(XMODFIK2))6:7;

LR

C ODD Ky EXZEPT K=1» INTEGER ROOTS
C K = 19 LINEAR TERM OR RECIPROCAL.
C EVEN Ks INTEGER POWERS.

r'4 Teflw
6 IFIK-1185758

7 TINOs1)=K1
GO TO (12+10)9K2
le RETURN
10 T(NOs1)==T(NOs»1)
GO TO 12
8 T(NOs1)=14/FLOATF (K1)
GO TO (12+10)9K2
14 T(NOs1)=J
GO TO 12
END
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$ASSEMBLEsPUNCH OBUECT PROCESO0
REM MAD AND FORTRAN PROCESSING FUNCTION GENERATOR

PRINT1 CALL «PRINT

PUNCH1 CALL «PUNCH
ENTRY  PROCES

PROCES SXA XRC o4

SXA XRBs2

SXA XRA»1

CLA 4oy

STA CHECK

CLA* 4l

ARS 18

STO S

CLA =1

suB S

STO N

CLA* 394

ARS 18

STO NIN

CLA* 294

ARS 18

STO NOX

CLA 194

STA FNAME

STA FNAMES

CALL «PRINT

STR SYMTAL» sFRMT2

STR

CALL «PUNCH

STR SYMTABs sFRMT1

STR

CALL «PRINT

STR SYMTABs »FRMT3

STR

LXA TWOs?2

CLA PRINT1
RPT STA OUTPT]

STA CUTPTZ2

STA CUTPT3

STZ NOCARD

CLA TwWO

STO VARNO

LXD NUM1s1
OUTPT] TSX ##,4

STR SYMTAB»s s FRMT4
CHECK ZET *%
FNAMES STR *¥

CLA NOX

SUB ONE

TZE RPRN

ADD TWO

sSTO NOX
LP1 STR COMMA

STR X

STR VARNO

CLA VARNO

ADD ONE

STO VARNO

SUB NOX

B-60




TEST1
TEST?
RPRN

OUTPT3

FNAME

NXTCD

OUTPT2

SYMTAB
ONE
TwO
NUM1
NIN
TEMP
NOX

N

S
VARNO
NOCARD
COMMA
X
RPAREN
FRMT1

FRMT?2
FRMT3
FRMT4
FRMTS

FRMT6
FRMTS8

TNX
TNZ
STR
STR
CLA*®
TNZ
TSX
STR
STR
STR
TNX
CLA
TRA
STO
CLA
ADD
STO
STR
LXA
TSX
STR
STR
CLA
TRA
PRIN

PUNC

AXT
AXT
AXT

rna
Ay o)

BC1I
PZE
BCI
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
PZE
BCD
8CD
BCD
BCI
8CI
BCI
BCI
BCI
BCI
BCI
BCI
BCI
BCD
BCD
END

NXTCDs1l>o1
LP1
RPAREN

CHECK
%45
kg4

FRMT6
* %

RTRNs 291
PUNCH1
RPT

TEMP
NOCARD
CNE
NOCARD

NUM1,1
LA XY

SYMTAB»s sFRMTS
NOCARD

T e

T FRMTBsNIN9O
H FRMTE8sNINSD
*% 94
%y 2
*¥%9]
594
1N
Ns2
1S
Se2
4
1040
29040
15904910

Cs»0,0
09050

0¢050

Ce040

1,

1X

1)

s *Ne¢(13H® COMPILE MAD/)1S*(17H® COMPILE FORTRAN/)14H$ PUNCH
*9OBJECT/14HS PRINT OBJECT*

S INY(4HIMAD) 'St (H31FORTRANS )HS EXTERNAL FUNCTION STATEMENTS F

»OR PREDICTING EQUATION PRODUCED BY LAST REGRESSION STEPS//*

»'N'(14H $ COMPILE MAD/)*S*(18H $ COMPILE FORTRAN/)15H $ PUNC
*9H OBJUECT/15H $ PRINT OBJUECT*

95119 'N*(HSEXTERNAL FUNCTIONS) 'St (HSFUNCTION $C69)3H(X110(C1ys

»Clel2)%

?S59 1Nt (S59)[19150(555)15(C19C1912)%

7S1199HENTRY TO C691He/S11s9HINTEGER 1%

5S11912HDIMENSION T(I2s1H)*
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$ COMPILE FCRTRANs PRINT OBJECTs PUNCH OBJECT TSTLVLOO

C

100
101

10

F LEVEL TEST ROUTINE

SUBROUTINE TSTLVL

COMMON NOIN1sEFOQUT sEFINSERASE
1NOPROB s TOLsPRBIN sPRBOUT s NOIND s NOVAR s NOFNCT s NOTRMS 9sNOZ s NODATASNOINT
2'NOINITSIFCNSTsIFWT sCODTRMs SIGMAY sNOTRYSsIFTRWT 9 IFRAWs IFAVESIFRESD
39 IFSIGYIFCOENSIFSTEPsIFPRDI» IFPRED s IFPRNTsGRADESsNOSTRTsNSTDNT9NOE
4DITsNCRGRSy ITAPE3sNORCD3sITAPEG4 sNORCD4sLRAMS INVARINOSTEP s NOPASSs IN
S5DEX9sXsZsNOINSNOEXITo
&ARRAYS sDFFRISIGMA»STGMCOINTIMITINISIGY SRSQeR o+ VMAX aVMIN VAR CNOMINGNO
TMAX s K s NOENT s FLEVEL oCNSTsFLEVL

DIMENSION ERASE(27)
1GRADES(12)sNORCD3{5) sNORCD4(5) sLRAM(I3) s INVAR(60)sX(120)s INDEX(60)
2DATA(60)+2(60) ’
6ARRAY5(61961)2AVE(60)9SIGMA(60)9sCOEN{60)9SIGMCO(60)9sFLEVL(60)
EQUIVALENCE (DATAsZ)

EQUIVALENCE(STDEVSCOENX) s (X(61)9AVE(1))

Ni=1

GO TO (19293) N

FLEVEL=VMIN*DEFR/ARRAYS(NOZsNOZ)

EFOUT=FLVL(PRBOUTsDEFR)

IF(EFOUT+FLEVEL)2v294

K=NOMIN

NOENT=0

INDEX (NOMIN)=0

GO TO 5

VX = ARRAYS(NOZsNOZ) - VMAX

IF (VX) 100975101
IF (TOL + VX) 99797
FLEVEL = VMAX * DEFR / VX
GO TO (697)9N1
EFIN=FLVL(PRBINsDEFR)
IF(EFIN-FLEVEL)798+9
K=NOMAX
NOENT=K
INDEX (NOMAX) =1
N=4
CONTINUE
RETURN
IF(EFIN) 9997
N=1
GO TO 10
N1=2
GO TO 2
END
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$ COMPILE FCRTRANs PRINT OBJECTs PUNCH OBJECT RDTRWTOO
' SUBROUTINE RDTRWT(ARRAY19ARRAY29ARRAY3 s ITAPEINORCD INOVARSNOFNCT)
C READ TERM WEIGHT ROUTINE

DIMENSION ARRAY1(g80)sARRAY2(6092)s ARRAY3(60+60)

READ INPUT TAPE 791005 (ARRAY1(I)sI1=1sNOVAR )} sARRAY1(60)s (ARRAY2( 1)
~1)91=19NOVAR)*ARRAY2(60s1)s (({ARRAY3(I3J)9J=19NOFNCT)2sARRAY3(T960)
-1=19NOVAR)

100 FORMAT (5FE14e7)

CALL TAPE1(ITAPE sNORCD)

WRITE TAPE ITAPEsARRAY1sARRAY2sARRAY3

RETURN

END
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$ COMPILE FORTRANs PRINT OBJECTs PUNCH OBJECT PKTRMOO0O

C

TERM SELECTOR ROUTINE
SUBROUTINE PKTRM(TERMSsLRAMy ARRAY1 s ARRAY29ARRAY3sNOVARSNOFNCT)
COMMON B1sNO
DIMENSION TERMS(60+60)9ARRAY1(60)9s ARRAY2(6092)3sARRAY3(50+60)
1sLRAM(3)9B81(180)
DO 1 1=1+60
TERMS(NOs1)=0.
TERMS{NO+60)=PICKV(ARRAY1sNOVAR)
CALL PICKS(TFRMS9ARRAY2+ARRAY2sNOVARSNOFNCT)
RETURN
END
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$ COMPILE FORTRANs PRINT OBJUECTs PUNCH OBJECT
'C

Pt

N W

TERM CHECKER

SUBROUTINE TRMCHK(N]1sNOCNT s TERMSsNOVARSNOSTRT)

COMMON B1sNO
DIMENSION TERMS(60+60)+B81(180)
IF(NOCNT)19152
Ni=2
NOCNT=NOCNT+1
RETURN
DO 4 I=1sNOCNT
IF (TERMS(NOs60)~TERMSI(T960))49694
DO 7 11=1,NOVAR
IF (TERMS(NOsI1)-TERMS(TsI1))497s4
CONTINUE
N1=1
GO TO 3
CONTINUE
GO 70 1
END
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$ COMPILE FCRTRANs PRINT OBJECTs PUNCH OBJECT

FUNCTION PICKV (AN}
COMMON B1sNOSERASESNOINTReERASILRAM
DIMENSION A(60)9sB1(180)sERASE(11)9ERAS(73)
A(6O)=Oo
DO 1 I=1sNOINTR
Al60)=A(60)+A(T)
RN = A(60)*RANDOMI(LRAM)
T1=0.
DO 2 I=1eNOINTR
T1=T1+A(])
IF (RN-T1)39392
CONTINUE
GO TO 10
PI1CKV=1]
RETURN
END
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$ COMPILE FORTRAN»s PRINT OBJECTs PUNCH OBJECT
’ SUBROUTINE PICKS(TsA2sA3 9NV eNF)

12

11
13

COMMON B1sNO»B2sLRAM

DIMENSION T(60+60)9A2(6092)5A3(60+60)9B1(180)sB2(85)

Ki=1

NOPCKS =T(NOs6()
IFINV-NOPCKS) 19192
T(NO»60)=NV

K=2

DO 7 I1=1eNV

GO TO 8

CONTINUE

GO TO ¢

A2(6091)=0,

DO 3 I=1sNV
A2(6091)=A2(191)+A2(6091)
A2(1+2)=A2(1s1)
A2(6092)=A2(60+1)

K=1

DO 4 I=1sNOPCKS

RN = A2(6092)*RANDOM(LRAM)
T1=0.

DO 5 Il1=1sNV
T1=T1+4A2(1192)
IF(RN-T1)69695
CONTINUE

GO TO (2911)K1

K1=2
A2(60902)=A2(60+2)-A2(1192)
A2(11921)=0.

CALL PICKE(I1sA3sNF,T)
GO TO (497) 9K
CONTINUE

RETURN

DO 13 I=1+59
T(NO'I):O.

GO TO 2

END
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$
C
C
C
C
C
C
C
C
C
C
C

NOND O NNONON

16

204

208
205

104

103
207

110

COMP ILE FORTRANs PRINT OBJECTs PUNCH OBJECT PFNCTOO0O

PFNCT ==

(1) EVALUATES EACH COMPONENT AND PRINTS THE EQUATION.
(2) CALLED FROM ZFNCT.

STQUO -- /0 ROUTINE WHICH SAVES THE CURRENT CONTENTS OF THE I1/0

BUFFERS FROM THE PREVIOUS 1/0 CALL.

SPEFUN =-- FUNCTION WHICH CONNECTS WITH THE EXTERNALLY DEFINED

FUNCTIONS FOR THE FUNCTION EVALUATION.

FUNCTION PFNCT(XoIoAsNsJVARINOFNCT IFER )
COMMON DMYXXX9sFUNC'NOSPFN

DIMENSION X(120)9sFUNC(60)sDMYXXX{8909)
IFER=O

J3zA+e5

GO TO (192)9JVAR

JAVAR = 1 IF X REPRESENTS AN INDEPENDENT VARIABLEs = 2 IF X
REPRESENTS A DEPENDENT VARIABLE,

J7=2J3-NOFNCT+NOSPFN

IF J7 1S GREATER THAN ZEROs J7 CORRESPONDS TO AN EXTERNAL
FUNCTION NUMBER.,

IF (J7) 139139204
GO TO (2034+12) N
IF (A=140) 39493
CALL STQUO
WRITE OUTPUT TAPE 6910191
FORMAT(S1s 2HX(sI291H))
GO T0 12
CALL STQUO
WRITE OQUTPUT TAPE 6» 100s919A
FORMAT(S]1 92HX(s1296H) oPs 9519F10,5)
PFNCT=X(1) #% A
RETURN
PFNCT = X(])
GO TO (16s11) 9N
CALL STQUO
WRITE OUTPUT TAPE 691039¢J3s1
GO TO 11
PFNCT=SPEFUN(JTeXe 1)
1F(J7)207+2089208
GO TO (205911) oN
CALL STQUO
WRITE QUTPUT TAPEG6 2104 +FUNC(JUT) ]
FORMAT(S]1 9A693H(X(s1292H)))
GO TO 11
FORMAT (6HOTERM(1296H) = X(12922H)s DEPENDENT VARIABLE,)
JT=~J7
WRITE OUTPUT TAPE&9110sFUNC(JT) oI
FORMAT(1H sA6941HCANNOT HANDLE THIS COMPUTED VALUE FOR X(9I391H))
IFER=]
Go TO 11
END

B-68




.

$SASSEMBLEs PUNCH OBJECTsPRINT OBJECT

ENTRY
ENTRY
SPEFUN SXA
SXA
SXA
CALL
LIST  CLA
STA
LXA
CLA®
ARS
suUB
PAX
CLA*
ARS
suB
STO
CLA
SuB
STA
LOC Cunm
STA

-,

TSK
R PAR
PAR
RTM™ LXA
XKkB AXT
XRA AXT
TRA
ERLOC CLA*
SSM
STO*
TRA
ZERO
END

SPEFUN
LIST
HOLDs4
XRB»s2
XRA»1
DATA
124
LocC
HOLD»s 4
194

18

=1

’2

394

18

=]
FARHAD
294
FARHAD
PAR

nx;2
*41

*R &

* %
ERLOC
HOLDs 4
*¥ 92
*¥ e
4o 44
LOC

LOC
RTM
FARHAD sHOLD
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COMPILE FORTRANs PRINT OBJECTs PUNCH OBJECT PRINT400

$
c
C
C PRINT4 --

C (1) PRINTS OUT THE SELECTOR ARRAYS,
C (2) CALLED FROM CORE3 AND CORE7.

C

C

SUBROUTINE PRINT4

COMMON NC;ERASES

1NOPROB s TOL s PRBIN sPRBOUT s NOINDsNOVLR s NOFNCT s NOTRMS s NOZ s NODATASNOINT
2INOINITSIFCNST 2 IFWT sCODTRMs SIGMAY sNOTRYSH»IFTRWTs IFRAWS IFAVES IFRESD
39 IFSIGYIFCOENSs IFSTEPsIFPRDIsIFPRED s IFPRNTsGRADESyNOSTRT9sNSTDNT #NOE
4DITaNCRGRS» ITAPE3sNORCD3 s ITAPE4 SNORCD4sLRAMs INVARINOSTEP s NOPASSsIN
SDEX e X9 ZsNOININOEXITo
BARRAY39ARRAY2sARRAY]

DIMENSION ERASE(30)
1GRADES(12) sNORCD3(5) sNORCD4(5) sLRAM(3) s INVAR(60)sX(120)s INDEX(60)
2DATA(60)+2(60) ’
4ARRAY1(60)9ARRAY2(6052)9sARRAY3(60560)

EQUIVALENCE (DATAsZ)

EQUIVALENCE(STDEVCOENX)s (X{61)9AVE(]1))

WRITE QUTPUT TAPE 69 99
99 FORMAT(35H1PRESENT STATUS OF SELECTOR ARRAYS,)
WRITE OUTPUT TAPE 6»104
104 FORMAT(18HOINTERACTION ARRAY/1HOs4 (29HINTERACTION NO. WEIGHT
-
WRITE OUTPUT TAPE 69100s(TsARRAY1(TI)sI=19NOIND )
100 FORMAT(4(I89E21e7))
WRITE OUTPUT TAPE 691019ARRAY1(60)
101 FORMAT(17HOSUM OF WEIGHTS =E17.7//)
WRITE OQUTPUT TAPE 69105
105 FORMAT(15HOVARIABLE ARRAY/1HOs4(29H VARIABLE NO. WEIGHT ))
WRITE OUTPUT TAPE 691009 {TsARRAY2(1s1)sI=1sNOIND)
WRITE OUTPUT TAPE 691019ARRAY2(60s1)
WRITE OUTPUT TAPF 64106
106 FORMAT(15HOFUNCTION ARRAY)
DO 1 I=1sNOIND
WRITE OUTPUT TAPE 65103s1
103 FORMAT(13HOVARIABLE NO«I3/1HO94(29H FUNCTION NO. WEIGHT ))
WRITE OUTPUT TAPE 691005 (JsARRAY3(IsJ) eJ=1eNOFNCT)
1 WRITE OUTPUT TAPE 6391019ARRAY3(1+60)
RETURN
END
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$ COMPILE FCRTRANs PRINT OBJECTs PUNCH OBJECT ZFNCTO0O00
C ZFNCT SUBROUTINE FOR REGRESSION PL.US LEARNER.
SUBROQUTINE ZFNCT (1 sXsNOINDSWHT»Zs TRMATXsNOTRMSeNOFNCT sNOZ 9 IFERR
—sNOSTRTsIFPRNT sNOPASSsRUN)
DIMENSION X(120)9Z2(60)9sTRMATX(60+60)
IFERR=0
NOVAR=NOIND+1
ASSIGN 32 TO N
IF(1) 20052009201
200 GO TO N»(32)
201 CALL SETB(N)
IF(I-=1)192s1
1 N=2
GO T0 3
2 N=1
3 GO TO (495) N
4 WRITE OUTPUT TAPE 63100sNOPASS
100 FORMAT (36H TRIAL TERM DEFINITIONS FOR PASS NO,Is)
5 DO 6 I=1sNOTRMS
Z(l)zlo
IF(TRMATX(1960))69899
8 GO TO (10+46) N
10 WRITE QUTPUT TAPE 69102y 1
102 FORMAT (6HOTERM(I2923H) = 1,09 CONSTANT TERM,)
GO TO 6
9 I1=ABSF(TRMATXiI960i}
GO TC (11912) N
11 WRITE QUTPUT TAPE 6910391911
103 FORMAT (gHOTERM(I2925H) = INTERACTION OF ORDER I2943Hs WHERE THE C
-OMPONENTS ARE DEFINED 70 BE =--j
12 12=1
JVAR=1
DO 13 J=1s11
18 IF(I2-NOIND)14214s7
14 IF (TRMATX(I912))16915916
15 12=12+1
GO TO 18
16 A3=TRMATX(1+12)
GO TO (19+20) N
19 WRITE QUTPUT TAPE 691045
104 FORMAT (1H 99X »s10HCOMPONENT(I293H) =N)
20 ZOY)=Z(T)RPFNCT(Xs129A39sNs JVAR'NOFNCT»IFER )
IF (IFER)32930 +32
30 CONTINUE

13 I12=12+1
333 IF(Z(1))3356 933
33 IF(ABSFIZ(I))-1E18)31934934
31 IF(14E~-18-ABSF(Z(1)))6 934+34
32 WRITE OUTPUT TAPE 6+108915J
108 FORMAT (51HOFLOATING POINT TRAP OCCURED WHILE PROCESSING TERM(sI2»
-~ 17H) ~= COMPONENT(91292H)e)
34 IFERR=1

TRMATX(1560)=~ABSF(TRMATX(160))
WRITE OUTPUT TLPE 69107s192(1)
6 CONTINUE
JVAR=2
A3 = NOZ
Z(NOZ)=PFNCT(XsNOVARsA3 sNsJVARINOFNCTs»IFER)
40 IF (IFPRNT)21522921
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22 WRITE JUTPUT TAPE 69105sRUNsWHT»{1+sZ2(1)9I=1sNOTRMS)
105 FORMAT (29HOTERMS CcOMPUTED FROM 0BS, NO+F54099H WEIGHT =F1045/4(8H
-~ TERM(I2s3H) =E15e7) )
WRITE OUTPUT TAPE 63106+2(N0O2)
106 FORMAT (9(1H )9s4HY =E15e7221H (DEPENDENT VARIABLE))
21 CALL RSET81(0Q)
RETURN
7 WRITE QUTPUT TAPEE2120919(JesTRMATX(T19J)9J=1+960)
120 FORMAT (15HUERROR #*##% TERMI4/4(10H ELEMENT(I293H) =E1547))
CALL RSFTR(O)
CALL CORE1l
107 FORMAT (24HOSCALING ERROR #%## TERM(I293H) =E1567)
END
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'
C
C

22
22
32

COMPILE FCRTRAN»s PRINT OBJECTs PUNCH OBJECT SUMSQ000
SUBROUTINE TO LOAD MATRIX AND COMPUTE THE RAW SUMS OF SQUARES
AND CROSS PRODUCTS.
SUBROUTINE SUMSQ
COMMON NOsSNVM1 I 9JosRUNIWHT s IFERRSNVP19ERASE »
1NOPROB TOL sPRBINSPRBOUTsNOINDsNOVAR s NOFNCT s NOTRMS sNOZ y NODATASNOINT
2INOINITIIFCNSToiFrWT sCODTRMISIGMAY sNOTRYSsIFTRWT o IFRAWS TFAVESIFRESD
39IFSIGIFCOENSI IFSTEPsIFPRDI» IFPREL s IFPRNT9sGRADESsNOSTRTsNSTDNT oNOE
4DITsNORGRSs ITAPE3sNORCD3 2 ITAPE4sNORCD4 s LRAMs INVARSNOSTEP s NOPASSyIN
EDEX9sX9ZsNOINSNOEXITY
6ARRAYS $DEFRISIGMAYSTIGMCOININITIN'SIGYsRSQsRsVMAX s VMINs VAR sNOMINMNsNO
TMAXs K sNOENT 9 FLEVEL sCNSTFLEVL
DIMENSION ERASE(23)
1GRADES(12) sNORCD3(5) sNORCD4(5)sLRAM(3) s INVAR(60)9sX(120)s INDEX(60)>
2DATA(60)+21(60) ’
6ARRAYS (51961 )12AVE(60)sSIGMA(60) s»COEN(60)sSIGMCO(0)sFLEVLI(K0)
EQUIVALENCE (DATAs2)
EQUIVALENCE(STDEVCOEN»X) s (X(612)9sAVE(1))
CALL TAPE1(ITAPE34NORCD3(2))
NVP1=NOZ+1
DO 10 I=1sNVP1
DO 10 JU=1sNVP1
10 ARRAYS5(1sJ)=0,
ASSIGN 32 TO N
IF (1) 22292225223
2 GO TO N»s(32)
3 CALL FSPILL(N)
CONTINUE
DO 11 N=1sNODATA
READ TAPE ITAPE3sRUNs(DATA{I)sI=19NOZ ) sWHT
DO 12 I=1,N0OZ
ARRAY5 (I sNVP1)=DATA(T ) *WHT+ARRAYS( I sNVP1)
DO 12 J=1,NOZ
12 ARRAYS5(1+J)=DATA(II#DATA{J)*WHTH+ARRAYS( 1))
11 ARRAYS(NVP]1sNVP1)=ARRAYS5(NVP1sNVP1)+WHT
DEFR=ARRAYS5 (NVP1NVP1)
IF(DEFR)Y1s192
2 IFERR=1
WRITE OUTPUT TALPE 69100sDEFR
100 FORMAT(30H WEIGHTED DEGREES OF FREEDOM =F12e2/77)
IF(IFRAW)4 9394
3 WRITE OUTPUT TAPE 69101 -
101 FORMAT(53(1H )9s14HSUM OF TERMS//)
NVM1=NOTRMS
WRITE OUTPUT TAPE 691023 (T9sARRAY5(TeNVP1)sI=19NVM1)
102 FORMAT(4(10H TERM(I293H) =E15+7))
WRITE OUTPUT TAPE 6591039ARRAYS{(NOL sNVP1)
103 FORMAT{10(1H ) s5HY =E1567)
WRITE OUTPUT TAPE 69104
104 FORMAT(1HO938(1H ) s42HRAW SUM OF SQUARES AND CROSS PROpDUCTS//
-)
CALL PRINT2(ARRAY5sNOZ)
4 REWIND ITAPES3
GO TO (596)9IFERR
5 RETURN
CALL CORE1
1 WRITE QUTPUT TAPE 69108+DEFR
108 FORMAT(17H ERROR ##% DEFR =E179)
IFERR=?
GO T0O 3
END
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$ COMPILE FCRTRANs PRINT OBJECTs PUNCH OBJECT PRCRCNOO

C

100

9

11
102

10
8

12

103

PARTIAL CORRELATION COEFFICIENTS

SUBROUTINE PRCRCN

COMMON NOsNVM19sI9JsIP19ERASE
1NOPROB s TOL s PRBINSPRBOUTsNOINDNOVLR s NOFNCT s NOTRMSsNOZ s NODATAsNOINT
2¢NOINITsIFCNSToIFWT s CODTRMYSIGMAY s NOTRYSsIFTRWT s IFRAWs TFAVESIFRESD
39 IFSIGIFCOENS IFSTEPIFPRDIIFPRED s IFPRNTsGRADESINOSTRTsNSTDNT sNOE
4DIToNCRGRSs ITAPE3sNORCD3 91 TAPE4sNORCD4 s LRAMs INVARINOSTEP sNOPASSs IN
SDEX9XsZsNOININOEXITy
6ARRAYE ’DEFR,SIGMA'SIGMCO’NIN!T’N’SIGY’RSQ’P"VMAX;‘JM:“iVﬁRiNCMINiNC
TMAX s K s NOENT s FLEVEL sCNSTsFLEVL

DIMENSION ERASE(26)
1GRADES(12) sNORCD3(5) sNORCD4{5) s LRAM(3) s INVAR(60)9X(120) 9 INDEX(60)
2DATA(63)92(6C)sSTDEVIEO0)
6ARRAYS5(61961)9AVE(60)9sSIGMAL{60)9COEN(60)9sSIGMCO(60)sFLEVLI(60)
EQUIVALENCE (DATAs2)

EQUIVALENCE(STDEVSCOENSX)s(X(61)9AVE(L1))

DEFR=DEFR-1e

DO 6 I=1sNOZ

IF (ARRAYS5(I91))1s293

IF (ARRAYS5(Is1)1+TOL)492595

WRITE OUTPUT TAPE 63100911

FORMAT (18H ERRCR %%#% ARRAYS5([291Hs12915H) TOO NEGATIVE.//)

CALL PRINT2(ARRAY5sNOZ)

CALL CORE1l

IFSIG=0

IFCOEN=0

WRITE OUTPUT TAPE 6910191 1sARRAYS (91

FORMAT (8H ARRAYS5(I2s1HsI12+3H) =E17.9)

SIGMA(1)=1.

GO TO 6

SIGMA(I)=SQRT (ARRAYs(Isl}))

ARRAYS5(Is1)=1.

IF(IFSIG) 79897

NVM1=NOTRMS

DO 91=19sNVMI

IP1=1+1

DO 9 J=1P1sNOZ

ARRAYS{1sJ)=ARRAYS (1+J)/(SIGMA(T)*#SIGMA(J))
ARRAYS(Js1)=ARRAYS5(1+J)

IF(IFCOEN)10911510

WRITE OQUTPUT TAPE 69102

FORMAT (1HO»42(1H )934HPARTIAL CORRELATION COEFFICIENTS//)

CALL PRINT2(ARRAYS sNOZ)

RETURN

SQDF=SQRT (DEFR)

DO 12 1=1,NOZ

STDEV(1)=SIGMA(1)/SQDF

WRITE QJUTPUT TAPE 69103

FORMAT (1HOs49(1H ) 920HSTANDARD DEVIATIONS//)

CALL PRINT3(STDEVsNOZ)

GO TOo 7

END

-

$ COMPILE FCRTRANs PRINT OBJECTs PUNCH OBJECT RSDSUMOO

C

RESIDUAL SUMS OF SQUARES AND CROSS PRODUCTS,

SUBROUTINE RSDSUM

COMMON NOsNVM1s19JsNVP1s IFERRsERASE

1NOPROB s TOLsPRBINYPRBOUT s NOINDsNOVAR s NOFNCT s NOTRMSsNOZ s NODATA9NOINT
2NOINITS IFCNST» IFWT9sCODTRMsSIGMAY s NOTRYSs IFTRWT 9 IFRAWs IFAVES IFRESD

B-74




39 IFSIGyIFCOENs IFSTEPsIFPRDI 9 IFPRED s IFPRNT s GRADESsNOSTRTsNSTDNT sNOE

2
101
10

-
!

102

6
12
105

11
13
14

4DITsNCRGRS s ITAPE3sNORCD3s ITAPE4L sNORCD4 s LRAMSs INVARINOSTEP s NOPASSs IN
5DEXsX9sZsNOININOEXITo
6ARRAYS5SDEFRISIGMAs SIGMCOSNINITsNsSIGYsRSQsRsVMAX s VMIN VARINOMINWNO
TMAXsKsNOENT sFLEVEL sCNSTsFLEVL

DIMENSION ERASE(25)
lGRADES(IZ)’NORCD3(5)vNORCDa(S)’LRAM(B)vINVAR(60)yX(IZO)cINDFXteo).
2DATA(60)+Z2(60)
6ARRAY5(61961)vAVE(60)'SIGMA(6O)’COEN(60)onGMCO(eo)vFLEVL(so)
EQUIVALENCE (DATAsZ)

EQUIVALENCE (STDEVCOENX) o (X(61)sAVEI(1))

NVP1=NOZ+1

IFERR=1

DO 10 [=1eNOZ

AVE(1)=ARRAYS({IsNVP1)/ARRAYS5(NVP1sNVP1)

DO 9 JU=19NOZ

ARRAYS(19J)=ARRAYS5 (19 J)-AVE(T)*ARRAYS(JsNVP])

IF (ARRAYS(I91))192910

IF (ARRAYS(IsI)+TOL)49595

IFERR=2

WRITE QUTPUT TAPE 69100913 I9sARRAYS(I1)

FORMAT (8H ARRAYS5(I1291Hs12s14H) IS NEGATIVESE19.9)

T atir_ N
AFATYLT YV

IFRESC=0

_—- T 2N
VU 1tV 1V

WRITE JUTPUT TAPE 641011
FORMAT (10HO TERM(I2s14H) IS CONSTANT.)
CONTINUE

IF(IFAVE) 65796
WRITE OUTPUT TAPE £+102
FORMAT (1HO»46(1H )»25HAVERAGE VALUE OF TERMS//)
CALL PRINT3(AVEsNOZ)
IF (IFRESD)11912°11
WRITE OUTPUT TAPE 65105
FORMAT (1HO»35(1H )»49HRESIDUAL SUMS OF SQUARES AND CROSS PR
-0pUCTS//) '
CALL PRINT 2(ARRAY5sNOZ)
GO TO (13s14)sIFERR
RETURN
CALL CORE1
END
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$ COMPILE FORTRANs PRINT OBJECTs PUNCH OBJECT RGRTRMOO
SUBROUTINE RGRTRM
C ROUTINE TO TERMINATE REGRESSION PROGRAM
COMMON NOsNVM1 sNSWeERASE »
1NOPROB s TOL s PRBINPRBOUT s NO INDsNOVAR s NOFNCT s NOTRMSsNOZ » NODATA s NOINT
2sNOINIT s IFCNSTsIFWT 9CODTRMsSIGMAY sNOTRYSsIFTRWT s IFRAWs IFAVEsIFRESD
39 IFSIGYIFCOENY IFSTEPSIFPRDIs IFPRED s IFPRNT sGRADES sNOSTRTsNSTDNT sNOE
4DITsNORGRS2» I TAPE39sNORCD3s ITAPE4sNORCD4 s LRAMs INVARINOSTEP ¢« NOPASS IN
5DEX9sXesZsNOININOEXITy
6ARRAYS 9DEFR9SIGMAISIGMCUOININITINISIGY sRSQsRsVMAX s VMIN9s VAR s NOMINsNO
TMAX K sNOENT s FLEVEL sCNSTsFLEVL
DIMENSION ERASE(28)
1GRADE=(12)9NORCD3(5)oNORCDMS)'LRAM(a)’INVAR(eo)oxnzo).INDEx((,O)o
2DATA(60)9Z160)
6ARRAY5(61'61)’AVE(60)’SIGMA(60)oCOEN(6O)oSIGMCO‘éO)tFLEVLléo)
EQUIVALENCE (DATA»2)
EQUIVALENCE(STDEVsCOENsX) s (X(61)9AVE(1))
NSW=1
NVM1=NOTRMS
IF(IFSTEP)19291
1 CALL PRINT1(NSWL)
2 WRITE QUTPUT TAPE 69100+NOSTEP
100 FORMAT (29HOREGRESSION TERMINATED AFTER 12s7H STEPS.)
WRITE OUTPUT TAPE 691019 (I sARRAYS{TsI)sI=19NVM1)
101 FORMAT (1HO»50(1H )»18HDIAGONAL ELEMENTS//48(1H )s8HVARe NOe»10(1
-H ) 9SHVALUE/ /(51X »129E2449) )
IF(IFPRED)39493
4 IF(IFPRDI)S59395
5 CALL PREDCT(0)
3 RETURN
END
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. SCOMPILE FORTRAN sPRINT OBJECTsPUNCH OBJECT NRANDOOO

NRAND ——- RANDOM TRIAL CONTROLER (CALLED FROM WINDUP)
(1) TESTS RESULTS OF EACH RANDOM TRIAL DURING THE RANDOM SELECTION
PRCCESS AND SAVES THE BEST TRIAL.
{2) TESTS ICOUNT AGAINST NORAND TO DETERMINE WHETHER SPECIFIED
NUM3ER OF RANDOM PASSES HAVE BEEN USED.
SAVER -— WRITES THE BEST RESULT OF THE RANDOM TRIALS ON TAPE 9 TO BE
RESTORED WHEN SPECIFIED NUMBER OF RANDOM TRIALS HAVE BEEN USED.

2¥a¥aXaNaNaXaXaNaXaXa)

SUBROUTINE NRANDI(N)

COMMON NOYERASEICOUNTsERAS» ITAPEQ»DMY sNORAND s FNAME »
1INOPRORYTOL s PRBIN*PRBOUTsNOINDINOVARSNOFNCT s NOTRMSsNOZ s NODATAPNOINT
2INOINITsIFCNSTsIFWT sCODTRMsSIGMAY sNOTRYS»IFTRWT s IFRAWIIFAVESIFRESD
39IFSIGIFCOENY IFSTEPsIFPRDISIFPRED IFPRNT9sGRADESsNOSTRToNSTDNT sNOE
4DIToNORGRSY ITAPE3sNORCD3sITAPE4INORCDGsLRAMS INVARSNOSTEP s NOPASSsIN
5DEX9X9ZsNOININOEXIT
6ARRAYS SDEFR*SIGMAsSIGMCOININITINsSIGYsRSQoReVMAXsVMINSVARISNOMINSNO
7 MAXsKsNOENTSsFLEVEsCNSTsFLEVLITERMS sDDMY s SAVRSQsSAVSIGe SVSGMO
8SVCOEN» ISVTRM

DIMENSION DDMY{1061)

DIMENSION SVSGMO(60)sSVCOEN(60)9 ISVTRM{60)
1GRADES(12) sNORCD3(5) sNORCD4(5)sLRAM(2) 9 INVAR(60) 9X(120)s INDEX{ 60
2DATA(B0192(60)
6ARRAY5(51961)9AVE(E60)9SIGMA(K0)»COEN(60)»SIGMCO(60)sFLEVLI(60)
7sTERMS (60.460)

EQUIVALENCE{(DATAYZ)

EQUIVALENCE(STDEVSCOENsX )2 (X(61)sAVE(1))

NINIT=0
N=1
IF(ICOUNT=-1)396727
67 WRITE OUTPUT TAPE 691001 sNOPASS» NORAND
1001 FORMAT(1HOHIPASS NOes 1°I59H]1 WILL BE EXECUTED 19I59sH1 TIMESs USIN
2G RANDOM SELECTION1)
NOTRSV = 0
4 CALL SAVER(1)
[ REWIND ITAPES
WRITE OQUTPUT TAPE 69103sNOPASSy ICOUNT
103 FORMAT(13H6 PASS NUMBER»1595S5919HRANDOM TRIAL NUMBER1S5)
READ TAPE ITAPE9s (DEFRs((ARRAYS(IT191T2)921T1=19NOZ)»1T72=15N0OZ))
12 RETURN
3 ICOUNT=0
N=6
GO TO 12
7 WRITE OUTPUT TAPE691009SAVSIG»SAVRSQ
10 FORMAT( 38HOBEST PREVIOUS FITTED CURVE PROPERTIESs //23H STANDARD
~ERROR OF Y = 9E17e7/ 32H COEFFICIENT OF DETERMINATION = sE15e7)
TEST = ABSF(RSQ-SAVRSQ)-1.FE-04
IF(TEST) 22692279227
226 IF(SAVSIG-SIGY) 29291
227 IF(SAVRSQ-RSQ) 19292

2 CONTINUE
IF(NOTRSV) 79978979
78 WRITE OUTPUT TAPE 69122
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122 FORMAT (55H6CURRENT TRIAL REJECTED IN FAVOR OF THE STANDARD TRIALe)

GO TO 80
79 WRITE OUTPUT TAPE 69102sNOTRSV
1¢2 FORMAT (53H6CURRENT TRIAL REJECTED IN FAVOR OF RANDOM TRIAL NO. I3
~91He)
80 IF (NORAND — ICOUNT) 99696
9 ICOUNT =0
N=6

CALL SAVER(-1)
GO TO 12

1 IF (NOTRSV) 90491590

91 WRITE OUTPUT TAPE 6s 2000

200C  FORMAT(55H6STANDARD TRIAL REJECTED IN FAVOR OF THE CURRENT TRIALe)
GO TO 105

90 WRITE OUTPUT TAPE 65101sNOTRSV

101  FORMAT(18H6RANDOM TRIAL NOe I3s39H REJECTED IN FAVOR OF THE CURREN
-T TRIAL)

1058 NOTRSV = ICOUNT-]
IF (NCRAND ~ ICOUNT) 394944
END
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.5 ASSEMBLEs PUNCH OBJECT CTERMOOO
REM CONSTANT TERM GENERATOR

ENTRY CTERM

CTERM SXA RTRN4
CLA* 194
ARS 18
STO 1
CLA 294
STA CNXT1
STA CNXT2
CALL oPRINT
10P FRMT1
10P 1
CNXT1 10P * %
ENDIC
CALL «PUNCH
10P FRMT1
10P I
CNXT2 10P **
ENDIC
RTRN AXT YA
TRA 394
FRMT1 BCD 4S1192HT(I293H) =E17.8%
H p7¢e
END

B-79




$ ASSEMBLE>S

PRINT1
PUNCH1
SUMEQGN

FORT

GO

RFT

FORM1
CHECK

FNAME]1

FNAME2
FNAME?3

RTRN
XRB

FRMT1

FRMT11

NIN

PUNCH OBJECT SUMEQNOO
REM MAD AND FORTRAN EQUATION SUMMATION AND RETURN GENERATOR
ENTRY SUMEQN

CALL oPRINT

CALL oPUNCH

SXA RTRNs &
SXA GOs4

SXA XRB»s2
CLA 394

STA CHECK
CLA¥* 304

TNZ FORT

AXT FRMT1 94
SXA FORM1 »4
TRA 60

AXT FRMT1194
SXA FORM1 4
AXT *® 94
CLA 194

STA FNAME 1
STA FNAME 2
STA FNAME3
AXT 192

CLA® 204

ARS 18

STO NIN

CLA PRINT1

STA #*+]

TSX #%44

STR 22

CLA e

TZ€ *42

STR 1 2

STR NIN

CLA* CHECK
TZE #43

STR *

STR 1 2]

STR

TXL RTRNs 250
CLA PUNCH1
TX1 RPTs29-1
AXT 'Y XA

AXT *Hy2

TRA 4e 4

BCD S1199HT(O0) = 0,/5S11931HTHROUGH SUMs FOR T = 1911 +Ge 12/57»
BCD 22HSUM T(O0) = T(O) + T(I1)/S11920HFUNCTION RETURN T(0)/S11915

BCD 2HEND OF FUNCTION®#*

BCI %95119C695H = 0,/S11910HDO 1 | =1+12/S491H19569C693H = Cb»
BCI #37H + T(1)/51196HRETURN/S11s3HEND*

PZE

END
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$
C
C
C
C
C
C
C

ANa)

COMPILE FORTRANs PRINT OBJECTs PUNCH OBJECT NRMLOOOO

NRML -- TOTALS THE ARRAYS AND COMPUTES THE NEW WEIGHTS FOR THE
VARIABLES» INTERACTION ORDERSs AND FUNCTIONS OF EACH VARIABLE.
CALLED FROM CORE3.

SUBROUTINE NRML

COMMON NOJSERASES
1NOPROB*TOL yPRBINPRBOUT s NOINDINOVLR s NOFNCT s NOTRMSsNOZ s NODATASNOINT
2'NOINITsIFCNSToIFWT sCODTRMsSIGMAYsNOTRYSsIFTRWT s IFRAWSIFAVESIFRESD
39 IFSIGsIFCOENY IFSTEPSIFPRDI IFPREDs IFPRNTsGRADESINOSTRTsNSTDNT sNOE
4DITINCRGRSs ITAPE3sNORCD3 s ITAPE4INORCD4 s LRAMI INVARSNOSTEP s NOPASSHIN
SDEX9X9ZsNOINSNOEXIT
BARRAYZ »ARRAY2sARRAY1

DIMENSION ERASE(30)

1GRADES (12) sNORCD3(5) sNORCD4(5)sLRAM{3) 9 INVAR(60)9sX{(120) s INDEX(60)»
2DATA(6)92(60) ’
4ARRAY1(60)9sARRAY2(6092)9ARRAY3(601960)

EQUIVALENCE (DATA»Z)

FQUTIVAI FNCF(STDFVSCOENsX) s (X(61)9AVE(]))

N=1
2 ARRAY1(60) = O,
ARRAYZ2(60+1) = Qs
DO 1 1 = 1sNOIND
ARRAY1(60) = ARRAY1(60)+ARRAY1( 1}
ARRAY2(60s1) = ARRAY2(60s1)+ARRAY2(1I51)
ARRAY3(1+60)=0,
DO 1 J=1sNOFNCT
1 ARRAY3(1+60) = ARRAY3(1+60) + ARRAY3(I+J)
GO TO (3s+4) 9N
RETURN
3 F1 = NOIND
F2 = NOFNCT
D1 = F1/ARRAY1(60)
D2 = F1/ARRAY2(60)
DO 5 I=1sNOIND
ARRAY1(I) = ARRAY1(I)%*D]1
ARRAY2(1s1) = ARRAY2(Is1)%D?
D3 = F2/ARRAY3(1960)
DO 5 J = 1sNOFNCT
§ ARRAY3(IsJ) = ARRAY3(I»J)1%D3
N=2
GO TO 2
END
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$ COMPILE FORTRANs PRINT OBJECTs PUNCH OBJECT

C

2

3
1

TAPE HANDLING SUBROUTINE.
SUBROUTINE TAPE1(19J)
REWIND I

IF(J=1)19192

JM1l=J~1

DO 3 K=1sJM1

READ TAPE 1

RETURN

[l VX oY
1SS 1%
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$SASSEMBLESPLNCH OBJECT» PRINT OBJECTSEXECUTEsFULL DUMP
REM MAD AND FORTRAN GENERAL TERM GENERATOR

REM WITH SPECIAL FUNCTION PRINTER

PRINT1
PUNCH1
XRB
GTERM

GENTRM

EXPT2

FI1X3

EXPT1

ENTRY GTERM
ENTRY GENTRM

CALL oPRINT
CALL «PUNCH
TXH 29040

STZ F

CLA =

STO M

TRA *4+4
CLA =

STO F

STZ M

CLA® 4ok
ARS 18

STO U

CLA =1

suB U

STO X

SXA RTRN»s» 4
SAA [AZ92Z
SXA IX191
LXA XRBs?2

SXD XRBs?2

CLA® 14
ARS 18

STO 1

CLA=® 234
ARS 18

STO J

CLA NRM

STO WRD

CLA NRM+1

STO WRD+1

CLA 34

STA EXPNT1

STA EXPNT 2
STA EXPT1

ZET U

TRA FLOATI1+2
CLA® 3+4
FSB CNE

TNZ EXPT2
CAL TXL

TRA STO

FAD CNE

UFA A

LRS 27

PXD 0s0

LLS 27

STO FIX

ORA A

FAD A

FSB *#*

TNZ FLOAT1
CLA FIX3
STA EXPNT1

M=1 sMAD

F=19FORTRAN

U=1ls SPECIAL FUNCTION

X=19 EXPONENT
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FLOAT1

SKIPAB
END1

STo

RPT

EXPNT2

SW1

EXPNT1
FINI

TXL
RTRN
X1
I1X2

ONE

A
FRMT1
WRD

ENDING

FIX2
FLOAT2
WORD1
WORD2
PAREX
ABS

CLA
TRA
NZT
TRA
CLA
TRA
2ET
TRA
CLA
STO
CLA
STO
CLA
STO
CAL
STP
CLA
STA
TSX
STR
STR
STR
NZT
TRA
STR
STR
STR
ZET
TRA
TXL
2ET
STR
NZT
STR
NZT
STR
STR
LXD
TNX
SXD
CLA
XL
AXT
AXT
AXT
TRA
DEC
ocT
B8CD
8CD
BCI1
BCD
BCD
BCD
BCD
BCI
BC1I
BCI
BCD

FIX2
END1
U
*4+3
ENDING+1
END1
F
SKIPAB
ABS
WRD
ABS+1
WRD+1
FLOAT?2
ENDING
XRB
SW1
PRINT1
*+1
L2 XX/
SYMTABs sFRMT1
1
I
U
#43
%%
PAREX

u

FINI

FINI

F
WORD2

F

WORD1

U
%

XRB»2
RTRNs 291
XRB»2
PUNCH1

RPT
*% 94
*% 9]
*% g2
594
le
+233000000000
5S1192HT(I1296H) = T(I2+4H) *
2
*y IXV(IHXTI29CO) 21Ut (Coo M (1He)9C2912)
1
l1eolH)*
1913
19F1046
*y opo (
*y w®
19(X
2 6He ABSe

B-84




NRM

SYMTAB

$ ASSEMBLES

RGRSSN

8A
SWi1
10A

[ — —
-~ » [ond
> > >

N
o
>

LAST
XRC

MATRAN
RGRTMN

BCD 2
ZERO
BCI
PZE
BCI
PZE
8C1
PZE
BCI
PZE
PZE
END

1H
FoUsXosTosJosFIXeM

1oF
Fel
1»U
Usl
19X
Xs1l
1M
Msl
8

PUNCH OBJECT

REM REGRESSION SUBROUTINE MAINBODY

ENTRY RGRSSN

SXD XRC»
CLA 194
STA SwW1
CALL DGF
LXD *%44
TRA 10A+
TRA 17A
TRA 14A
TRA 11A
TRA 23A
CALL VAR
TRA SW1
CALL VAR
TRA SW1
CALL MAT
TRA 8A
LXD

CLA*

TNZ

CALL

LXD XRCs
TRA 194
pPZE

REM

REM

REM

REM

REM

END

4

RDM

Se4

SRY
CHK

2 an

RAN

XRC4

24
1964

RGRTRM

4

TRANSFORMS THE REGRESSION MATRIX.

(1)
(29

PRINTS OUT THE LAST REGRESSION STEP.
CONTROLS PRINTING OF PREDICTIONS OF EQUATION.

B-85

RGRSSNOO



$ COMPILE FCRTRANs PRINT OBJUECTs PUNCH OBJECT PREDCTOO
C PREDICTION ROUTINE.
SUBROUTINE PREDCT
COMMON NOJERASE>»
1NOPROB* TOL*PRBIN *PRBOUT s NO IND sNOVAR s NOFNCT s NOTRMS 9NOZ s NODATAsNOINT
29NOINIT IFCNST o IFWT»CODTRMsSIGMAY sNOTRYS s IFTRWT s IFRAWs IFAVE s IFRESD
39 IFSIGYIFCOENs IFSTEP s IFPRDIs IFPRED s IFPRNT s GRADES sNOSTRT9NSTDNT 2NOE
4DITsNCRGRS» ITAPE3sNORCD39s I TAPE4sNORCD4sLRAMy INVARSNOSTEP s NOPASSsIN
SDEX9XsZsNOINSNOEXITo

LADDAVR .hCCD (l(‘MA QY(‘MF{'\:M

Al
"

T 0 ¢
7MAX;K»NOENT’FLEVELaCNST FLEVL
DIMENSION ERASE(30)
1GRADES(12)9NORCD3(5)’NORCDA(S)vLRAM(3)'INVAR(6O)’X(120)9INDEX(60)’
2DATA(69)92(60)
6ARRAY5(61'61)’AVE(60)0SIGMA(60)’COEN(60)cSlGMCO(60)'FLEVL(60)
EQUIVALENCE (DATA»Z)
EQUIVALENCE(STDEVICOENX) s (X{61)9AVE(1))
IF(NOIN)20520»1
1 CALL TAPEI(ITAPE3sNORCD3(2))
WRITE OUTPUT TAPE 69100
100 FORMAT (1HO0»39(1H ) s40OHPREDICTED RESULTS VERSUS DATA POINTS//9
-H OBSe NO,921(1H )911HPREDICTIONS»34(1H )94HDATA»19(1H ) +s10HDEVIAT
~IONS/12(1H ) s9HY =~ SIGMAs14(1H ) 21HY216(1H )s9HY + SIGMA913(1H )1+6
~HPOINTSs12(1H }s10HIDATA - Y)e5(1H ) s THPERCENT)
BIGPCT=0,
NMXPCT=0
BIGDEV = 0.
NMAX = 0
DO 10 N1=1sNODATA
READ TAPE ITAPE3sRUNs(DATA(1)s1=1sNOZ) s WHT
Y=CNST
11=0
DO 11 I2=1sNOTRMS
IF(INDEX(12))255111+25

T:N.SroY:REQ: 0 \/M
TFPINP O LU FINTIE T i

25 I1=11+1
Y=Y+CCEN(I1)*DATA(12)

11 CONTINUE
YPSIG=Y+SIGY

YMSIG=Y-SIGY
DEV=DATA(NOZ)-Y
PCT=(DEV/DATAINOZ) ) *#100,
ABDEV = ABSF(DEV)
ABPCT=ABSF(PCT)
IF(ABDEV-BIGDEV ) 49492
2 BIGDEV = ABDEV
NMAX = N1
RUNMX=RUN
4 IF(ABPCT-BIGPCT)10+1093
3 BIGPCT=ABPCT
NMXPCT=N1
RUNMXP =RUN
10 WRITE OUTPUT TAPE 691019RUNsYMSIGs»YsYPSIGsDATA(NOZ) sDEVPCT
101 FORMAT(FT7,0¢E17e85E19e¢89E21e89F19,89F21e89F10e3)
102 FORMAT(29HOMAXIMUM ABSOLUTE DEVIATION =E15e7»14Hs (SEE OBSe NOeF440
~910Hs LINE NOeI391H)Y)
103 FORMAT (37HOMAXIMUM ABSOLUTE PERCENT DEVIATION =F10e3s14Hs (SEE OBSe.
— NOeF4e0910Hs LINE NOeI391H))
REWIND ITAPE3
WRITE OUTPUT TAPE 6+102+BIGDEVsRUNMX s NMAX
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WRITE OUTPUT TAPE 651039BIGPCT s RUNMXP sNMXPCT
20 RETURN

END *
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$ COMPILE FCRTRANs PRINT OBJECTs PUNCH OBJECT PRINT100
C SPECIAL PRINTER ROUTINE NO.1
SUBROUTINE PRINTI(NSW)
COMMON NOSERASE s
1INOPROB » TOL s PRBINsPRBOUT s NOINDsNOVAR s NOFNCT s NOTRMS s NOZ s NODATAsNOINT
2'NOINITIFCNST s IFWTsCODTRMs SIGMAY sNOTRYS s IFTRWT» IFRAWs IFAVEs IFRESD
39 IFSIGYIFCOENS IFSTEPsIFPRDI» IFPREDs IFPRNTsGRADESsNOSTRTsNSTDNT o NOE
4DITsNORGRS s ITAPE39sNORCD3 s ITAPE4INORCD4sLRAM s INVARINOSTEP s NOPASSHIN
SDEX9XsZsNOINSNCEXITo
BARRAYS »DEFR»SIOMAY STGMCOININITINSSIGTIRSQUIRIVMAX s VMINS VAR NOMINsNO
TMAX 9K s NOENT o FLEVEL s CNSToFLEVL
DIMENSION ERASE(30)
1GRADES (12) sNORCD3(5) sNORCD4(5) sLRAM(3)» INVAR(60)sX{120) s INDEX(60)
2DATA(60)+2(60) ,
6ARRAYS (61961 )9 AVE(60)»SIGMA(60) sCOEN(60) +SIGMCO(E0) s FLEVL(60)
EQUIVALENCE (DATA»Z)
EQUIVALENCE(STDEVsCOENX) s (X(61)9AVE(1))
1 IF(NOENT)39352
3 WRITE OUTPUT TAPE 69100sNOSTEPsK
100 FORMAT (9HOSTEP NO.15/ 15H TERM REMOVEDI4)
GO TO &
2 WRITE OUTPUT TAPE 691019+NOSTEP»K
101 FORMAT (9HOSTEP NOeI5/ 15H TERM ENTEREDI4)
4 WRITE QUTPUT TAPE 69102sFLEVELSSIGYsRSQsRsCNST
102 FORMAT (12H F LEVEL =E32.,9/24H STANDARD ERROR OF Y = E2049/27H
- COEFF OF DETERMINATION =E17.9/26H MULTIPLE CORLTN COEFF =E1l8e
~9//18H CONSTANT TERM = E26e9/5S798HTERM NOBX]11HCOEFFICIENT8X17HS
-TD ERR OF COEFF B8X8HF LEVEL )
J =0
DO 11 I = 1s NOTRMS
IF (INDEX(13) 22911922

22 J=J +1
WRITE OUTPUT TAPE 691043 19COEN(J)»SIGMCO(J) sFLEVL(J)
11 CONTINUE
104 FORMAT (4 XSHTERM=13sE24¢99E22499E19,9)
7 RETURN
END
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_SCOMPILE MADsYPRINT OBJECTsPUNCH OBJECTSEXECUTE 1/0DUMP DATARDOOO

EXTERNAL FUNCTION (NPsVEC)

EtO DATARD,

NtS INTEGER

D'N V(T1)

NOSPFN = NP RS, 18 -1
READ R¢T $72C1#89VeeeVI(T1)
J =20
T'H LLy FOR I = 0Os 19 leGe71
WIR V(I) oNE. $%
VIiy) = V1)
J=s J+1
Lt EfL
(I=Jsls I oGe T1s V(I) = $%)

Ji1 = 0
T'H Ms FOR K
T*H Ns FOR L
WIR V(L) oEe $%
W'RLeNEe J1s Tt0O ERR
W'R K «Ee NOSPFNs F'N 1,
T*O READ
N E'L
GATHER.(VEC(K)’s6c1*$’V(Jl)..OV(L-1))
WtR VIL+1) oFe $989 L =L + 1
J1 = L + 1
F'IN O

Osle K «Ge NOSPFN
J1ls 19 VIL) of o $.%

4

IN SPECIAL FUN

m
X
X
x<i
X!
—t
2
-
N
C
2
2
m
2
pur
(7]
[o))
»
L 3
*»
m
X
=
)
[ ]
[
L]
e
r~
~
m
[
»
r
-
C
X
K 4
>
-
-—
(@]
2

1CTION SPECIFICATIONS
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$SCOMPILFE FORTRANSPRINT OBJECTsPUNCH OBJECT CMTRWT 000
C TERM WEIGHT COMPUTER
SUBROUTINE CMTRWT
COMMON NOs ERASE»
1NOPROB» TOL*PRBINPRBOUT s NOINDINOVAR s NOFNCT s NOTRMSsNOZ s NODATASNOINT
2'NOINITsIFCNSTIFWT sCODTRM9SIGMAY sNOTRYSsIFTRWT s IFRAWs IFAVES IFRESD
39 IFSIGYIFCOENSIFSTEP*IFPRDI» IFPRED s IFPRNTsGRADESsNOSTRToNSTDNT sNOE
4DIToINCRGRSs ITAPE39sNORCD3s ITAPE4sNORCD4sLRAMs INVARINOSTEP sNOPASS s IN
SDEXsXoZsNOININOEXITos
SARRAY3,ARRAYZsARRAYL
DIMENSION ERASE(130),
1GRADES(12)sNORCD3(5) sNORCD4(5)sLRAM(3) s INVAR(60)sX(120) s INDEX(60) s
2DATA(60)s2(60) ’
4ARRAY1(60)9ARRAY2(6092)9sARRAY3(60960)
EQUIVALENCE (DATA»2)
EQUIVALENCE(STDEVsCOENsX)»(X({61)9AVE(1})
CALL TAPE1(ITAPE3+NORCD3(1))
DO 1 I=1sNOIND
6 ARRAY1(I)=1le
ARRAY2(1Is1)=1.,
DO 2 J=1sNOFNCT
2 ARRAY3(IsJ)=1e
1 ARRAY3(1+60)=NOFNCT
ARRAY1(60)=NOIND
ARRAY2(6041)=NOIND
WRITE TAPE ITAPE39ARRAY1sARRAY2»ARRAY3
RETURN
END
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|

S COMPILE FORTRANs PRINT OBJECT»s PUNCH OBJECT DGFRDMQOO

C

- —
O~ = o
NV OV P O

AN

101

DEGREE OF FREEDOM SUBROUTINE.
SUBROUTINE DGFRDM

COMMON NOsERASE
1NOPROB» TOL »PRBIN*PRBOUT sNOINDsNOVARsNOFNCT s NOTRMSsNOZ s NODATASNOINT
2'NOINITsIFCNST s IFWTsCODTRMsSTGMAY sNOTRYS»IFTRWTs IFRAWs IFAVEs IFRESD
39 IFSIGsIFCOENs IFSTEPsIFPRDIs IFPREDs IFPRNTsGRADESsNOSTRTsNSTDNT oNOE
4DITsNORGRSs ITAPE3sNORCD3 s ITAPE4 sNORCD4sLRAMSINVARSNOSTEP sNOPASS s IN
S5DEX9sX9ZsNOINSNOEXITS
6ARRAY59DEFRISIGMA s SIGMCOININIToINISIGYsRSQ9RsVMAX s VMIN s VAR s NCMINsNO
TMAXsKsNOENT s FLEVEL 9CNSTeFLEVL

DIMENSION ERASE(30),
1GRADES(12) sNORCD3(5) sNORCD4(5) sLRAM{3) s INVAR(60)sX(120)s INDEX(60) s
2DATA(60)+2(60) ’
6ARRAY5(61961)9AVE(60)9SIGMA(60) sCOEN(60) sSIGMCO(6C)sFLEVL(60)
EQUIVALENCE (DATAsZ)

EQUIVALENCE(STDEVsCOENsX) s {X(61)9AVE(1))

IF(ARRAYS (NOZsNOZ))109192

WRITE OUTPUT TAPE 69100sARRAYS(NOZsNOZ)
FORMAT (24H ERROR *%# ARRAYS5(YsY) =F15.7)
N=1

RETURN

IF(ABSF(ARRAYS{NOZsNOZ)) -~ TOL)12%1291
WRITE QUTPUT TAPE 691029sARRAYSINOZsNOZ)
FORMAT (154 ARRAYS(YsY) = F15,7)
ARRAYS5(INOZ sNOZ}= ABSF(ARRAYS5I{NOZsNOZ))
NOSTEP=NOSTEP+)

SIGY = SIGMA(NOZ)*#SQRT (ARRAYS5(NOZsNOZ)/DEFR)
RSQ=14+~ARRAYS(NOZsNOZ)
RSQ = ABSFI(RSQ)
R=SQRT(RSQ)
DEFR=DEFR-1.
IF(DEFR)39396
N=2
GO TO 5
WRITE OQUTPUT TAPE 69101
FORMAT (28H NO MORE DEGREES OF FREEDOM)
GO TO 4
END
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$ COMPILE FORTRANs PRINT OBJECTs PUNCH OBJECT WINDUPOO
C WINDUP --

C (1) CALLS ON THE ROUTINES WHICH CONTROL THE RANDOM SELECTION

C MECHINISMS,

C (2) TESTS THE RESULTS OF EACH REGRFSSION ANALYSIS TO DETERMINE

C WHETHER OR NOT THE GIVEN CRITERION HAVE BEEN MET.

C (3) TESTS THE RESULTS OF EACH PASS AND SAVES THE BEST PASS.

C (4) CALLED FROM CORE 6+

C NRAND -- RANDOM TRIALS CONTROLERS

C (i) TESTS THE RESULTS OF EACH REGRESSION TRIAL DURING THE RANDOM
C SELECTION PROCESS AND SAVES THE BEST TRIALe

C (2) TESTS TO DETERMINE WHEN THE SPECIFIED NUMBER OF RANDOM TRIALS
C HAVE BEEN USED.

C CORE3 -- THE EDITOR PROGRAM.

C (1) CONTROLS THE GRADING OF INTERACTION ORDERS» EXPONENTSs AND

C VARIABLES.

C (2) SELECTS NEEDED TERMS TO REFILL THE SPECIFIED NUMBER OF

C TERMS.

C

C

SUBROUTINE WINDUP

COMMON NOSYERASE» ICOUNTsERASsNOPASK sNOINKPSERINBEGIN»DMY s NORAND »

1 FNAME»

1NOPROB s TOLsPRBIN'PRBOUT s NOINDsNOVAR s NOFNCT s NOTRMS sNOZ s NODATA+NOINT
29NOINITs IFCNSToIFWT sCODTRMsSIGMAY s NOTRYSsIFTRWT s IFRAWs IFAVESIFRESD
33 IFSIGYIFCOENY IFSTEPsIFPRDIYIFPREL s IFPRNTsGRADESsNOSTRTosNSTDNT sNOE
4DITsNORGRSs ITAPE3sNORCD3»ITAPEGINORCD4sLRAMY INVARINOSTEPINOPASSsIN
SDEX9X9ZsNOININOEXI T

6ARRAYS sDEFRISIGMA» SIGMCO'NINITINSSIGYsRSQsRsVMAXsVMINsVARINOMININO
TMAX 9K s NOENT s FLEVEL sCNSTsFLEVL

DIMENSION SEEPCN(60)

DIMENSION ERASE(8) sERAS{(5)sER(2)sDMY (9
1GRADE5‘12)9N0RC03(5)oNORCDa(S)’LRAM(3)oINVAR(éo);X(lzo)oINDEX(eo)v
2DATA(60)92(60)
6ARRAY5(61'61)'AVE(60)’$IGMA(60)9C0EN(60)'SIGMCO(60)’FLEVL(6O)

EQUIVALENCE (DATAsZ)

EQUIVALENCE{STDEVsCOENsX)s(X(61)9AVE(L))
C
C
IF(ICOUNT) 20292024246
246 IF(NO) 24792029247
247 WRITE OUTPUT TAPE 69 10000
10000 FORMAT (59HORANDOM TRIALS DELETED BECAUSE NO TERMS WERE SIGNIFICANT
- )
ICOUNT = NORAND +1}
GO TO 206
202 WRITE QUTPUT TAPE 64106

WRITE OUTPUT TAPE 69107+STGMAY»CODTRM

WRITE OUTPUT TAPE 6+108

WRITE OUTPUT TAPE 69107sSIGYsRSQ

106 FORMAT(20HOPOSTULATED CRITERIA)
107 FORMAT (22HOSTANDARD ERROR OF Y =E17,7/25H COEFF OF DETERMINATION =

-E1547)
108 FORMAT(24HOFITTED CURVE PROPERTIES)
15=0
200 N=0

IF(SIGMAY = SIGY)19292
2 N=N+1
1 IF(CODTRM - RSQ)4s493
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3 N =N+ 2

GO TO 55
4 N =N+ 4

55 IF(IS)564561+5
56 IF(ICCUNT)5959205
205 IFIN-5)206999206
206 1S=1

CALL NRAND(N)}
d WHEN RETURNING FROM NRANDS
C TRIALS HAVE BEEN USEDs N =

5 GO TO (16969798+99202) 9N

6 WRITE OUTPUT TAPE 69100
100 FORMAT(37HOFITTED CURVE MEETS
GO TO 10
7 WRITE OUTPUT TAPE 69101
101 FORMAT(46HOFITTED CURVE MEETS
GO TO 10
8 WRITE QUTPUT TAPE 65102
102 FORMAT(58HOFITTED CURVE MEETS
~Neo )
10 CONT INUE
1€ (MBECINY 4B.shh b
444 NBEGIN = 1
GO TC 46
45 TEST = ABSF({RSQ-SPRSQ)I-1eE-0&
IF(TEST) 22692279227
226 IF(SPSIGY~-SIGY)a4Ts227v44
227 IF(SPRSQ-RSQ) 44947947

N = ¢ IF ALLOWED NUMBER OF RANDOM
1 OTHERWISE.

NEITHER CRITERIA,)

ONLY STDe

ONLY COEF.

ERROR CRITERION,)

OF DETERMINATION CRITERIO

A WRITE OUTPUT TAPE 651004
1004 FORMAT(33H6CURRENT PASS IS THE BEST SO FAR.)
46 SPRSQ = RSQ

SPSIGY=SIGY

NOINKP = NOIN

NOPASK = NOPASS
DO 48 I = 1sNOIN

48 SEEPCN(I)=COEN(T)
GO TO 11
47 CONTINUE

NOIN = NOINKP
DO 49 I = 1sNOIN
INDEX(1) = 1

49 COEN(I) = SEEPCNI(TI)
I=NOIN+1
DO 50 I=1,60

50 INDEX(I)=0

WRITE OUTPUT TAPE 6+111sNOPASK

111 FORMAT (39HOCURRENT PASS REJECTED IN FAVOR OF PASS»I591Hs)

11 IF(NOPASS — NOTRYS)20s12912
20 NOPASS = NOPASS+1

WRITE OUTPUT TAPE 69103sNOPASSINOPROBSNOTRYS
103 FORMAT(13HOPASS NUMBER 14s22H BEGUN FOR PROBLEM NOGIS5/1H I14922H TO

-TAL PASSES ALLOWED.)
13 NOEXIT = 2
14 CALL CORE3

12 WRITE OUTPUT TAPE 69104sNOPROBsNOPASS
104 FORMAT (12HOPROBLEM NOeI5917H TERMINATED AFTERISs 8H PASSES./1H6)

15 NOEXIT = 1
GO TO 14
16 RETURN
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9 WRITE OUTPUT TAPE 65105
ICOUNT=0
105 FORMAT(34HOFITTED CURVE MEETS BOTH CRITERIAS)
GO TO 12
END
COMPILE FORTRAN» PRINT OBJECT» PUNCH OBJECT PARAMOOO

$

C

C

C PARAM --

c {1} READS IN THE LAST THREE CONTROL CARDS,

C (2) ESTABLISHES VALUES FOR PARAMETLRS IN COMMON,

C (3) CALLED FROM CORE1.,

C STDRD =-- ESTABLISHES STANDARD VALUES FOR THOSE PARAMETERS WHICH WERE
C NOT SET BY THE USER.

C ALTRMS -- COMPUTES THE TOTAL NUMBER OF POSSIBLE TERMS,

C
C

FUNCTION PARAM

COMMON NOSNDMY s I+DMY sNUMCDSsERASE » IFLRNs IFOUTsNOINTR
6IFPCHsERAINBGINSERSA»ITAPE9 s IFRWDA s NORAND s FNAME »
1NOPROB» TOLsPRBINsPRBOUT s NOINDsNOVAR s NOFNCT s NOTRMS sNOZ s NODATASNOINT
2¢NOINIT o IFCNSTsIFWT s CODTRMsSIGMAY s NOTRYS s IFTRWT»IFRAWs IFAVESs IFRESD
391FSIGYIFCOENS IFSTEP»IFPRDIIFPRED s IFPRNTsGRADESsMOSTRTsNSTDNT »NOE
4DITsNORGRS» ITAPE3sNORCD3s I TAPEG4 sNORCD4 s LRAMs INVARINOSTEP s NOPASS» IN
SDEX9s X9 ZsNOININOEXIT9ERAASsNOSPFN

DIMENSION ERA(S) 2FRSA(T)sERAAS(B576) sDMY (5) s
1GRADES(12)sNORCD3(5) sNORCD4(5)sLRAM(3) s INVAR(60)sX{(120) s INDEX(60)
2DATA(60)+2(60)

EQUIVALENCE (DATA»Z)

EQUIVALENCE(STDEVsCOENsX )9 (X{61)9AVE(1))

[aNaXs!

READ SECOND CONTROL CARD
READ INPUT TAPE 7+100sCODTRMsSIGMAY sPRBINsPRBOUT s TOL sNOIND sNOTRYS)
1INOFNCT sNOTRMS s IFMORE
100 FORMAT(5F10455415s12)
c READ THIRD CONTROL CARD
READ INPUT TAPE 7+101s1FRWDAs IFRAWs IFAVEsIFRESDs IFSIGs
3IFCOENs IFSTEP s IFPRDI » IFPREDs IFPRNT » IFOUT sNORAND s IFPCHs IFLRNsNOINTR
1sNOINIToNOINT s IFCNST o IFWT » NUMCDS
2 sNOPRCB » FNAME » IF TRWT sNOSPFN
101  FORMAT(141191493I55T11s149155A69212)
c READ FOURTH CONTROL CARD
READ INPUT TAPE75103sNORGRSs (GRADES(I)s I=1sNORGRS)
103 FORMAT(1554E16¢8/(E214853E1648))
NBGIN=0
IF (NOIND) 988:988+987
988 WRITE OUTPUT TAPE 61000
1000 FORMAT (g4HO*%##x% NO INDEPENDENT VARIABLES SPECIFIED. ERROR TERM
~INATION. )
CALL ERROR
987 PARAM = O,
IF (NCRGRS) 321321322
321 NORGRS = 3
GRADES(1)=3,0
GRADES (2) =340
GRADES(3)=145
322  CALL STDRD(NOFNCTsNOTRYSsNOINTRs IFCNSTsNUMCDS sNOTRMS»TOL s PRBIN»PRB
10UT » CCOTRMsNOPROB s FNAME )
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NUMCDS=NUMCDS*12
NORGRS = -NORGRS

IF (IFMORE) 777+777+778
778 DO 779 I11I=191IFMORE
READ INPUT TAPE 7s 1111
1111 FORMAT(72H
- )
WRITE QUTPUT TAPE6*1111
779 CONTINUE
777 CONTINUE
307 ALTG=NOTRMS
ALTP=ALTRMS (NOINTRsNOIND s NOFNCT)
IF(IFCNST)42609426194261
4260 ALTP=ALTP+1e.

4261 WRITE QUTPUT TAPE 69107sALTP
107 FORMAT (16HOPOSSIBLE TERMS=sF10,0)
IF (ALTP=ALTG) 49595
4 WRITE OUTPUT TAPE 6108
108 FORMAT (14HOTERMS REDUCED)
NOTRMS=ALTP
5 CONTINUE
ITAPE3=3

NORCD3(1)=1
NORCD3(2)=2
NORCD3(3)=2
ITAPE4=4
NORCDa4(1)=1
NOVAR=NOIND+1
NOZ=NOTRMS+1
LRAM(1)=0,
IFINOINIT)191s2
1 NOINIT=0
GO TO 3
C IF ORDER OF TERMS INSERTED 1S SPECIFIED
2 READ INPUT TAPE 75106 (INVAR(I)s1=1sNOINIT)
106 FORMAT(1415)
3 RETURN
END
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CORE3 -~ THE STUDENT.

COMPILE FCRTRANsPRINT OBJECTsPUNCH OBJECT

(1) CONTROLS THE LEARNING PROCEDURES.

(2) CALLED FROM CORE1}»

CORE4s AND FROM WINDUP,
TAPE1 -- TAPE1(1sJ) SPACES TAPE 1 BY J RECORDS,

STUDNOOO CORE3

GRADER -- GRADES THE INTERACTION ORDERSs POWERSs AND VARIABLES ON

THEIR PREFORMANCE IN THE REGRESSION ANALYSIS,

Cltisad T er . e

NRML -- SUMS THE VARIGUS

WEIGHTED VALUES TO
PRINT4 -- PRINTS OUT THE
PKTRM -~ PICKS NEW TERMS

TRMCHK -- CHECKS FOR THE&

SELECTOR ARRAYS AND REASSIGNS THE NEW

EACH.

SELECTION ARRAYS AFTER LEARNING,

TO REFILL THE TERMS ARRAY.

INDEPENDENCE OF THE TERMS.

CORE4 -— THE EDITOR PROGRAM,
(1) CHECKS EACH TERM FOR COMPATIBILITY WITH THE MACHINE WORD SIZE.

(2) EVALUATES EACH TERM FOR ALL DATA SETS,

SUBROUTINE CORE3

COMMON NOSERASE*IFLRNERASS)
1NOPROB» TOL9PRBIN*PRBOUT s NOINDsNOVAR s NOFNCT s NOTRMS 9NOZ s NODATASNOINT
29NOINIT s IFCNSToIFWTsCODTRMsSIGMAY sNOTRYS»IFTRWT 9 IFRAW» IFAVE IFRESD
39 IFSIGIIFCOENI IFSTEP»IFPRDIs IFPREDsIFPRNT9GRADESINOSTRT9NSTDNT sNOE
4DIT9yNORGRS» ITAFE39NORCD39 ITAPE4sNORCD4 s LRAM» INVARINOSTEP s NOPASSsIN

SDEX9XsZsNOINSNOEXITo

8ARRAY39ARRAY29ARRAY 1 s DMYXXX s TERMS s DMY s NOSPFN

DIMENSION ERASE(9)sFERASS(20)
1GRADES(12) ¢NORCD3(5) sNORCD4(5) sLRAM(2) s INVAR(60)sX(120) s INDEX(60)

2DATA(60)9Z(60)s TERMS(60960) s DMYXXX (136
4 ARRAY1(60)3sARRAY2(6092)sARRAY3(60,60)sDMY(1060)

EQUIVALENCE (DATA»Z)

EQUIVALENCE(STDEVsCOENsX )9 (X{e1)sAVE(]))

IF (NOPASS) 76940540

40 CALL TAPEI(ITAPE39sNORCD3(1))

READ TAPE ITAPE3sARRAY19ARRAY2»ARRAY3

CALL TAPEQ1(ITAPE3sNORCD3(3))

IF(IFCNST)19292

IFCINCEX(1)) 80098009111

1 I1=2
NOCNT=1
GO TO 3
IFCNST = 1
11=2
GO TO 801
2 11=1
NOCNT=0
3 NIN = XABSF(NOIN)
FIN = NOFNCT - NOSPFN
DO 4 I1=11,NOTRMS
NO=1
N=2
IF(NOIN) 309596

NOIN IS NEGATIVE IF RETURNING FROM CORE4sPOSITIVE IF COMING

FROM WINDUPs AND ZERO IF COMMING FROM COREl.
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30 N=3
6 IF (INDEX(I)) 89548
8 NOCNT=NOCNT+1
IF(NOCNT=1)179999
17 DO 171 J=1sNOIND
171 TERMS{NOCNT 9 J)=TERMS ([ »J)
TERMS(NOCNT»60)=TERMS(1550)
GO TO 9
5 N=1
C AT THIS POINTs N=1 IF TERM UNSUCCESSFULs N=2 IF TERM SUCCESSFUL
C N=3 IF TERM RETAINED WITHOUT GRADING
9 GO TO (3193194) N
31 CALL GRADER(ARRAY19ARRAY235ARRAY3sTERMSsNOTRMSsNOINDFIN sNsGRADE
-S+NOPROB sNORGRS)
4 CONTINUE
CALL NRML
IFCIFLRN) 32932911
32 CALL PRINT4
11 IF (NOCNT)13s13914
14 IF (NOCNT+1-NOTRMS)13913916
76 NOCNT = O
CALL CMTRWT
NOPASS = —-NOPASS
13 J1=NOCNT+1
DO 18 I=J1+NOTRMS
NO = I
19 CALL PKTRM{TERMSs| RAMsARRAY19ARRAY2sARRAY3 sNOINDsNOFNCT)
CALL TRMCHK (N1 sNOCNTs TERMS sNOINDNOSTRT)
GO TO (19s18)sN1
18 CONTINUE
NOEXIT=NOEXIT
GO TO (21522)sNOEXIT
22 CALL TAPEI(ITAPE3sNORCD3(1})
WRITE TAPE ITAPE3sARRAY1+ARRAY235ARRAY3
CALL CORE4
16 WRITE OUTPUT TAPE 659100
100 FORMAT (58HOTERM MATRIX FILLED WITH OLD TERMSe FRESH SELECTION MA

N
o

~DEe)

NOCNT = 1I1-1

GO TO 13
21 IF (IFPCH) 12912910
10 IF(IFLRN)129125900
900 CALL PRINT4
12 CALL CORE7Y

RETURN
101 FORMAT(5F14eT)
102 FORMAT(164F5.0)
END
$ COMPILE FORTRANs PRINT OBJECTs PUNCH OBJECT VARCHKOO
. C VARCHK COMBINED WITH VINCHKe ALLOWS Se40e. OR
C TERM INSERTIONsAS DESIRED.
3 SUBROUTINE VARCHK
; COMMON NOsSNSWs I sERASEs ICOUNTsERAS
; 1NOPROB*» TOL s PRBIN *PRBOUT s NOINDNOVAR s NOFNCT s NOTRMS sNOZ s NODATASNOINT
‘ 2*'NOINITOIFCNSTsIFWToCODTRMsSIGMAYSNOTRYS»IFTRWT s IFRAWS IFAVESIFRESD
| 39 IFSIGIIFCOENY IFSTEPSIFPRDISIFPREDs IFPRNT9sGRADESINOSTRToINSTDNT oNOE
‘ 4DITsNCRGRS*ITAPE3sNORCD39ITAPE4INORCD49LRAMs INVARINOSTEP sNOPASSeIN
SDEX3sXsZ9sNOINISNOEXITo
6ARRAYS sDEFRsSIGMAs SIGMCOSNINITsNsSIGYsRSQsRsVMAX s VMINs VAR sNOMININO
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TMAX9sKosNOENT o FLEVEL sCNSTFLEVL
DIMENSION ERASE(6)sFRA(21)
1GRADES(12)'NORCD3(5)9NORCD4(5)’LRAM(3)DINVAR(60)’X(120)QINDEX(60)’
2DATA(60)92(60)
6ARR%Y5(61'61)’AVE(60)’SIGMA(60)’COEN(6Q)OSIGMCO(60)’FLEVL(60)
EQUIVALENCE (DATAsZ)
EQUIVALENCE(STDEVsCOENsX )9 (X(61)9AVE(1))
IF(NOSTEP-NOINIT-1)19292
NSW=2
IFINCSTEP-1120y avé
IF (IFCNST)69796
CNST=Ce
IF (IFSTEP)9+10s9
GO TO (11+12)9NSW
NSW=1
GO TO 3
WRITE QUTPUT TAPES+100+SIGY
100 FORMAT (1HO21HSTANDARD ERROR OF Y =E17.9)
IF (IFCNST) 462912912
462 N=4
INDEX(1)=1
K=1
NOENT=1
GO TO 17
7 CNST=AVE(NOZ)
J=20
DO 41 I = 1s NOTRMS
IF CINDEX(I)) 14941914

NV W-O

V]
o

14 J=J +1

CNST = CNST - AVE(I) * COEN(J)
41 CONTINUE

GO TO 8

10 CALL PRINT1 (NSW)
IF (IFPRDI)991599
15 CALL PREDCT(O)
GO TO 9
11 N=1
IF(NOIN) 26926916
26 N=2
GO TO 16
163 K=NOMAX
NOENT=K
N=4
INDEX (NOMAX) =1
G0 TO 188
16 IF{ICOUNT)1169911699+350
350 IF (NO) 1168916391168
1168 IF (NOSTEP) 116991169+2268
2268 NO = 0
1169 CALL TSTLVL
188 GOTO (17918)sNIW
18 NINIT = XMAXOF(OSNINIT-1)
17 RETURN
12 N=3
GO TO 16
END
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.5 COMPILE FORTRANPUNCH OBJECTsPRINT OBJUECT

FUNCTION FCT(NUM)
FN=NUM
IF (FN-30s) 69627
7 FCT=1.E30
RETURN
6 CONTINUE
FCT=1,
1 IF (FN-=1e) 3932
2 FCT=FCT*FN
FN=FN-1.
GO TO 1
3 RETURN
END
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$ COMPILE FORTRANSPRINT OBJECTsPUNCH OBJUECT FLVLO0O0O
FUNCTION FLVL(PsD)
IF(P)29291
1 IF(P=14)8+99+9
8 IF(D)129293
3 FLVL=-348265507+((~-4151687965E03%#D%%*(~5))+(,680817276E01%D**(~1)
X)) #P#¥ (- ,5)+(,518849328E01-,378849201E01%D*%(-,33333333)-,27726566
XEO1#D*##(~1)146100921422E03%D#%(~5) ) %P*%(~42)+(¢753659189E01#D**(-4)
X~¢335350673E-02+e378218263E02#D*%( —¢) ) %P¥¥(~1)~,1288222518E00%D**(
Xe33333333)=660517T7T97F-13%#PR¥(=S)%¥N"*(-1)
IF(FLVL)9s595
2 FLVL=1,E10
GO T0 5
9 FLVL=Ce
5 RETURN
END
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SCOMPILE FORTRANSPRINT OBJECTsPUNCH OBJECT SAVERQOO

C

W

SUBROUTINE SAVER(ISWTCH)

SUBROUTINE TO SAVE REGRSSN MATRIX AND STATISTICS

COMMON NOSERASESITAPE9DMY s
1NOPROB» TOL »PRBIN*PRBOUTsNOINDSNOVAR s NOFNCT s NOTRMSsNOZ s NODATASNOINT
2INOINIToIFCNSTsIFWT oCODTRMISIGMAY »NOTRYSHIFTRWT s IFRAWIIFAVESIFRESD
39IFSIGYIFCOEN IFSTEPIFPRDIS[FPREDS JFPRNTI»GRADESINOSTRTINSTDNT sNOE
4DIToyNORGRS» ITAPE39sNORCD3 s ITAPE4INORCD4LRAMSINVARINOSTEP sNOPASSsIN
SDEXsXsZsNOINSNCEXITo
6ARRAYSIDEFRsSIGMA» SIGMCOSNINITINISIGY*sRSQsRsVMAX s VMINVARSNOMIN,ZNO
T MAXsKsNOENTOIFLEVESCNSTsFLEVLTERMS sDDMY » SAVRSQ9sSAVSIGeSVSGMO s
8SVCOEN» ISVTRM

DIMENSION DDMY (1061)

DIMENSION FLEVL(60)

DIMENSION SVSGMO(g0)sSVCOEN(60) s ISVTRM(60)

DIMENSION ERASE(26)sCOEN(6Q)sDMY (3
1GRADES(12) sNORCD3(5) sNORCD4(5)sLRAM(I2) s INVAR(60)sX(120)s INDEX(60)
2DATA(B80)9Z(60) s TERMS(60+60)9 ARRAYS (61961)9SIGMA(BO)sSIGMCO(60)

EQUIVALENCE (DATAZ)

EQUIVALENCE(STDEVCOENsX )s(X{(61)9AVE(1))

IFCISWTCH) 19192

NOIN = NOINSV

DU 4 1TER=19NUIN

SIGMCC(ITER)=SVSGMO(ITER)

COEN(ITER)Y=SVCOEN(ITER)

AT T At i
LU EINVD

DO 4 ITER=1sNOTRMS
INDEX(ITER)=ISVTRMUITER)
RSQ=SAVRSQ

CNST = SVCNST

READ TAPE ITAPE9s (DEFRs{((ARRAYS(IT191T2)9IT1=19NOZ)s1T2=19NO2))
REWIND ITAPE9

RETURN

WRITE TAPE ITAPE9s(DEFRs((ARRAYS(TT191IT2)sIT1=19NOZ)s1T2=19N0OZ))
REWIND ITAPES

DO 5 ITER=1sNOIN
SVSGMO(ITER)=SIGMCO(ITER)
SVCOEN(ITER)=COEN(ITER)
CONTINUE

DO 6 ITER=19NOTRMS
ISVIRM(ITER)=INDEX(ITER)
SAVRSQ=RSQ

SAVS1IG=SIGY

NOINSV = NOIN

SVCNST = (CNST

GO TO 12

END
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CORE6 -

(1) SETS UP THE TAPES FOR RANDOM TRIALS.
(2) STARTS THE REGRESSION ANALYSIS.
(3) CALLED FROM CORE 4.

SUMSQ -- COMPUTES THE RAW SUM OF SQUARES AND THE CROSS PRODUCTS.
RSDSUM -- CALCULATES THE RESIDUAL SUMS OF SQUARES AND CROSS PRODUCTS.
PRCRCN —-- CALCULATES THE PARTIAL CORRELATION COEFFICIENTS OF THE DATA
RGRSSN -~ THE SUBROUTINE WHICH CONTROLS THE REGRESSION ANALYSIS,.
PRINT] -~ PRINTS OUT THE FINAL STEP OF THE REGRESSION FOR EACH

RANDOM TRIALe.

WINDUP -~

(1) CALLS ON THE ROUTINES WHICH CONTROL THE RANDOM SELECTION
MECHINISMS,

(2) TEST RESULTS OF EACH REGRESSION ANALYSIS TO DETERMINE WHETHER
OR NOT THE GIVEN CRITERION HAVE BEEN MET.

{3) TESTS THE RESULTS OF EACH PASS AND SAVES THE BFST PASS,

SUBROUTINE CORE6

COMMON NOsJ19ERASE » ICOUNT

1DMMY s IFOUTsERAS sNOPASK sNOINKP sEERASs ITAPE9 s DM9sNORAND s FNAME »
1NOPROB s TOL sPRBIN sPRBOUT s NOIND s NOVAR s NOFNCT s NOTRMS sNOZ s NODATASNOINT
2INOINITSIFCNSToIFWTsCODTRMsSIGMAY s NOTRYSsIFTRWT s IFRAWs IFAVEs IFRESD
39 IFSIGeIFCOENY IFSTEPIFPRDI s IFPREDs IFPRNTsGRADESsNOSTRTsNSTDNT sNOE
4DITINCRGRSs ITAPE3sNORCD39ITAPE4sNORCD4» LRAMS INVARINOSTEP sNOPASSHIN
SDEX9sX9ZsNOINSNOEXI T

6ARRAYS IDEFRISIGMA SIGMCOSMINITINSSIGY sRSQsReVMAXs VMIN s VARSNOMINsNO
7 MAX9KINOENTIFLEVEL sCNSTsFLEVLITERMSsDMY s FUNCsNOSPFN

DIMENSION ERASE(7)sERAS( 5)sFEERAS(8)sTERMS(60960)
1GRADES(12)sNORCD3(5)sNORCD4(5)sLRAM(3) s INVAR(60)sX(120) s INDEX(60)
2 DATA(g0)sZ(60)sFUNC(60)sDMY(1000) o
6ARRAY5(61961)2AVE(60)sSIGMA(60) 9COEN(60)9SI1GMCCLE0)sFLEVLI(60)
EQUIVALENCE(DATA »2)

EQUIVALENCE (STDEVCOENsX ) s (X(61)9sAVE(1))

PRIN =PRBIN#100,

PROUT = PRBOUT#*100,

NO = C

WRITE OUTPUT TAPE 69100sNOPROBINONPATASNOTRMS sPRINsPROUT

100 FORMAT(21H1STEPWISE REGRESSION//12H PROBLEM NOeI5//19H NOe OF DAT

222
111

C

-A SETS =15//22H NOe OF TERM CHOICES =15//15H PROBABILITY OF/32H

- 1) ERROR IN ENTERING TERM =FB8e4s4H 0/0/32H 2) ERROR IN DELET
-ING TERM =F8e4s4H 0/0//)
CALL SUMSQ

IF (IFCNST)11192229111
CALL RSDSUM
CALL PRCRCN

CORE 6 ENABLES *N+ RANDOM TERM SELECTION PASSESsRETAINING BEST PASS

ICOUNT =0
M=1
NINIT=NOINIT
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212

1001
232

542

[aNaXe!

501
700
701
600

601

25

IF (NORAND)232+2329212

NINIT = O

M=3

WRITE TAPF ITAPE9s (DEFRs( (ARRAYS(IT191T2)91T1=19NOZ)s1T2=19N0OZ))

SAVES ARRAYS5 AND DEFR FOR USE IN NRANDe

WRITE JUTPUT TAPE 6921001 sNOPASS

FORMAT (QHOPASS NOe9sI5920H STANDARD TRIAL, )

NOSTEP=-1

DO 542 1=19sNOTRMS

INDEX(1)=0

CALL RGRSSN(Ns ICOUNT)
M=1 IF THERE ARE NO RANDOM TRIALS OR IF EACHSTEP OF REGRESSION
1S TO BE PRINTEDe M=3 IF THE STANDARD TRIAL WAS JUST PREFORMED
M=2 IF THE LAST STEP OF THE RANDOM TRIAL IS TO BE PRINTEDe

GO TO (60196005501 )M

ICOUNT = 1

IF (IFSTEP) 70057005701

M =1

GO TO 601

M =2

GO TO 601

CAl1 PRINTI(1)

CALL WINDUP
WINDUP DOFS NOT RFTURN IF THE SPFCIFIED NUMBER OF RANDOM TRIALS
HAVE BEEN EXECUTEDe.

ICOUNT=ICOUNT+1

IF (ICOUNT) 232319232

RETURN

END
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AD

LOOP1

LOOP2

L2

L1

ERR

EXTERNAL FUNCTION(NPSVEC)
ENTRY TO DATARD,
NORMAL MODE IS INTEGER
DIMENSION VI(72)
K=0
NOSPFN = (NP RS, 18)
I=1
READ FORMAT $72C1%#%sVeeeVI(T])
=N
THROUGH LOOP1sFOR I=09191eGe71
WHENEVER V(1) eNEs$$
Viury=svin
J=J+1
END OF CONDITIONAL
THROUGH LOOP2sFOR I=J91s1eGe71
V(1)=%%
J1=0
THROUGH L1ls FOR K=K91 2K eGeNOSPFN
THROUGH L2y FOR L=J1s]lsV(L)eEeSed
WHENEVER V(L) eEe$$S
WHENEVER LeNE«J1sTRANSFER TO ERR
W'R K oEe NOSPFNs F'N O
TRANSFER TO READ
END OF CONDITIONAL

GATHERG(VEC(K) 9$S6C1%#83VI(Jl)eeeVIL-1)

WHENEVER V(L+1)eEeSs8sl=L+1
Jl=L+1

F'N O

VECTOR VALUES F=36C1#%$

)

DATARDOO

PRINT COMMENT S6#*#ERRORees ILLEGAL FORMATION IN SPECIAL FUNCTI

1CN SPECIFICATIONS

F'N 1.
END OF FUNCTION
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FASSEMBL EsPUNCH
SST

SETS8
BACK

ouT
RSETS8

SAVES

ENTRY
ENTRY
CLA*
SXA
LDQ
STQ
TSX
STO
TSX
AXT
TRA
CLA
TRA
PZE
END

OBJECT

PROOFF sPROTON

SETS8
RSETS8
124

QUT 4

8

SAVES
PROOFF s4
8
PROTON 4
*¥* 94

294
SAVES
BACK
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