MEMORANDUM
RM-3731-CC
JUNE 1963

THE LOGIC THEORY MACHINE:
A MODEL HEURISTIC PROGRAM

Einar Stefferud

PREPARED FOR:
CARNEGIE CORPORATION

e AN D g

SANTA MONICA » CALIFORNIA




MEMORANDUM
RM-3731-CC
JUNE 1963

THE LOGIC THEORY MACHINE:
A MODEL HEURISTIC PROGRAM

Einar Stefferud

This research is sponsored by the Carnegie Corporation. Views or conclusions contained
in this Memorandum should not be interpreted as representing the official opinion or
policy of the Carnegie Corporation.

DAND e

SANTA MOMICA » CALIFORNIA-

Copyright © 1963
THE RAND CORPORATION






-iii-

PREFACE

This Memorandum has been prepared to fill the need
for a model program for use in teaching Information Pro-
cessing Language-V (IPL-V). Experience in teaching IPL
programming has shown that class discussion of a good
program, developed as a pedagogical tool, is an essential
ingredient for comprehending IPL applications and poten-
tialities.

The IPL computer programming language was originally
developed at The RAND Corporation, under U. S. Air Force
Project RAND, and at Carnegie Institute of Technology,
for expressing complex computer programs. IPL is being
used to great advantage in dealing with problems requiring
flexible memory structures and hierarchies of subroutines
and data. IPL is also being applied in the field of
artificial intelligence in studies of complex information
processing, and by psychologists who are using computer
simulation of human cognitive processes.

A number of colleges and universities now offer
courses in IPL-V coding, and more such courses appear
imminent. IPL coding was taught at the 1962 Summer
Heuristic Programming Institute, held at The RAND Corpora-
tion and sponsored by the Carnegie Corporation. At that
time, several interesting IPL programs were available,
but none could serve as a pedagogical model. The Logic
| Theory Machine (LT) was determined to be the best candidate
for such a model, and a new version, documented in this
Memorandum, was developed. Bert F. Green and Fred M. Tonge
consulted on the development of the program and preparation

of the Memorandum.



-iy-

Use of LT presumes familiarity with the Information

L

Processing Language-V Manua and particularly with

Part Two, '"Programmers' Reference Manual.'" In most cases,
LT will be used in conjunction with a study of Part One
of the Manual, '"The Elements of IPL Programming."T

This Memorandum was made possible by funds granted
by Carnegie Corporation of New York. The statements made
and views expressed are solely the responsibility of the

author.

TLT may be used by advanced students who have com-
pleted Part One of the Manual, or may be used simultaneously
with Part One to illustrate the implementation in a
complete program of the concepts being developed.
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SUMMARY

This Memorandum contains a highly detailed program
listing for the Logic Theory Machine (LT), a computer
program written in Information Processing Language-V
(IPL-V), and developed especially for use as a pedagogical
model. The text portions of the Memorandum expand upon
the documentation in the listing, tracing program flow,
analyzing routines utilized, and providing insight into
the structure and the development of the program.

LT was originally programmed in an early version of IPL

(2-4)

by Newell, Shaw, and Simon to derive proofs of logic

expressions in the sentential calculus of Whitehead and
(5)

Russell.

aid, a new method of replacement on subexpressions has been

In rewriting the program for use as a teaching

included, and many minor changes effecting improvements in
clarity have been incorporated. Features of the code that
were unjustifiably hard to explain have been simplified.

The Memorandum defines LT's activity in terms of problem
solving, and then a representation of the defined problem
is given in terms of IPL-V., Finally, what LT does is
discussed in terms of process hierarchies which operate on
the list structure representations of logic expressions.

LT can be implemented on any computer for which an

IPL-V processor is available.

"Ihese include the IBM 650, 704, 709, 7090, 709,

- Philco 2000, Bendix G-20, CDC 1604, UNIVAC 1105, and the
AN/FSQ-32. A system for the Burroughs 220 is under develop-
ment. LT, or any IPL-V program written in accordance with
the IPL-V Manual, can be executed on any of these machines.
In order to facilitate student modification of LT, infor-
mation on obtaining the program deck can be obtained by
writing The RAND Corporation.
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I. TINTRODUCTION

Experience in teaching IPL (Information Processing
Language)T programming has shown that class discussion of
a good model program is an essential ingredient for com-
prehension of applications and potentialities of the IPL
concepts. This documentation of the '"Logic Theory
Machine,"(z) otherwise known as LT, is specifically aimed
at filling the need for such a program.

LT was the best candidate for development as a peda-
gogical model because 1) it is based in the readily under-
stood context of theorem proving in sentential calculus;
2) literature on theorem proving is readily available;(3’4)
and 3) the original LT, written in an early version of
IPL by Newell, Shaw, and Simon, established the field of
heuristic programming. Because it is a valuable example
for students to examine and modify, LT has survived beyond
its usefulness as a research tool.

The original version of LT was converted to IPL-V
from IPL-II by Fred Tonge, and later converted into the
present pedagogical model.* The questions originally
raised by LT are still valid and interesting, and although
conversion has introduced some changes in LT's procedures,
its structure remains essentially unchanged and its operating
performance is nearly identical to that of the original.

LT does not represent an effort to obtain high

machine efficiency. It is rather an effort to take ad-

TA discussion of the development of the IPL's can be
found in the introduction to the IPL-V Manual. (1)

+
The latter conversion was made by the author.



vantage of the powers of symbolization via heuristic
symbol manipulation techniques. It is not very successful
in comparison with people or even with some computer pro-

grams.(6’7) (For an excellent treatment of this topic,

see Minsky's discussion of problem solving.)(8)

Since this Manual is designed for class use by stu-
dents of list processing languages, the discussions and
descriptions of LT assume familiarity with IPL-V. Several
viewpoints are adopted for discussion purposes: first,
what LT does is defined in terms of problem solving; then,
representation of the defined problem is described in terms
of IPL-V; and finally, what LT does is discussed in terms
of process hierarchies which operate on the list structure
representations of logic expressions.

The text describing LT is not intended to completely
describe the program. Sections XIII through XV contain
listings of the entire program along with supporting
vocabulary listings. The text and flow diagrams are only
intended to introduce the student to the program listing,
which provides sufficient annotation to allow him to
dissect LT's processes and learn how IPL-V can be used
for complex information processing.

To facilitate detailed inspection, the entire program
has been carefully and extensively documented in the
comment fields., Outlines and flow diagrams have been
supplied for some key routines, but others have been left
for the student to construct, since learning to write down
routine specifications is one of the most important facets

of learning to use IPL-V,.



TI. WHAT LT DOES

THE THEOREM-PROVING PROBLEM

LT derives proofs of logic expressions in the sen-
tential calculus of Whitehead and Russell.(S) To do

this, it uses the following entities:

1) Expressions, compounded from:
a) free variables:T
A,B,C,D,E,F,G
b) bound variables:
P,Q,R,S,T
c) connectives:

intuitive meaning: NOT

intuitive meaning: OR

intuitive meaning: IMPLIES
intuitive meaning: AND

intuitive meaning: EQUIVALENT TO
= intuitive meaning: EQUIVALENT TO
BY DEFINITION

kM <

2) Axioms (expressions given as true):

*1.2 [AVA]IA

*1.3 AI[BVA]

%1.4 [AVB]I[BVA]

*1.5 [AVIBvVC]1I[BV[AVC]]
*1.6 [AIBJI[[CVAII[CVB]]

3) Definitions (expressions defining connectives):

%1.01 [AIB].=.[-AVB]DEF.
*#3,01 [A*B].=.-[-AV-B]DEF.
*4,01 [A=B].=.[[AIB]*[BIA]]DEF.

+ . a . . .

The distinction between bound and free variables is
needed to distinguish variables of true expressions from
variables of unproved expressions.



4) Problems (expressions proposed as provable
theorems) :

*2,08 PIP

*2.,14 --PIP

%2 .45 -(PVQ)I-P
%3.22 (P*Q)I(Q*P)
%3.24 =-(P*-P)
*4,20 P=P

etc.

5) Methods based on rules of inference:T
gubstitution (for free variables)
Replacement (through definitions)
Detachment (A and AIB=B)

Chaining (AIB and BIC=AIC)

PROOF EXAMPLES
TO PROVE: *2.08 PIP

%1.3 AI[BVA] Given
PI[{PVP] Substitution

*1.2 [AVA]IA Given
[PVP]IP Substitution

*2.,08 PIP Chaining
Q.E.D.

Chaining uses the two expressions PILPVP] and [PVP]IP to
yield PIP.

TO PROVE: *2.14 ~--PIP

*2.,13 AV---A Given
PV---P Substitution
*1 .4 [AVB]I[BVA] Given
[pV---PJI[---PVP] Substitution
---PVP Detachment

*1.01 [AIB].=.[-AVB] Given
[--PIP].=.[---PVP] Substitution

%2,14 --PIP Replacement
Q.E.D.

This proof requires that *2.13 be previously proved or

‘given as true.

TChaining is not given as a rule in Whitehead and Russell,
but is provable from the axioms. Other such methods might
be developed, but chaining 1is the only one included in LT.



ITI. REPRESENTATION OF "THE PROBLEM"
IN THE IPL-V MACHINE

Expressions, variables, and connectives are repre-
sented by IPL-V data list structures. An expression is
recursively defined as a single variable or a list of sub-
expressions with a connective in its head. For example,
Axiom *1.5 [AV[BVC]JI[BV[AVC]], looks like this:

Total Expression *15 9-0 Description list
9-1 0 Main expression
[ 90 0
QL5 Attr. "tree form"
Description list < Q15
Q7 Attr. "external name"
9-2 0 Value is data term
\  9-2  21%1.5 containing text
9-1 I0 Main connective
Main Expression < 9-3 Left subexpression
9-4 0 Right subexpression
( 9-3 VO Connective OR
Left Expression < AO Variable A
9-5 0
9-4 VO
Right Expression < BO Variable B
9-6 0
9-5 VO
Right of left BO
I
( 9-6 VO

co

(]

Right of Right A0Q
1 Variable C



Variables and connectives look like this:

Connective 10 9-0 0
IMPLIES 9-0 0
Attr. "type" Ql4
Value '"mon-unary" J4
Q7
9-1 0
9-1 211

Connective OR Vo 9-0 0
9-0 0
Ql4
J&
Q7
9-1 0
9-1 21v

Free Variable "A" AO 9-0 0
9-0 0
Attr. "Variable" Q5
Q5
Attr. "Free Var." Q6
Q6
Q7

9-1 0
9-1 21A

Free Variable "B" BO 9-0 0
9-0 0

9-1 21B

Free Variable "C" co 9-0 0
: 9-0 Q5

9-1 21C



The rules of inference are embodied in routines

called methods:

M11
M12
M13
M1l4
M15
M16
M17

Detachment

Substitution

Replacement

Forward Chaining

Backward Chaining
Subexpression Replacement I
Subexpression Replacement II

Methods are applied to problems (unproved expressions)

by the executive routines:

M1
M2
M7
M8

Single-Problem Executive
Multiple-Problem Executive
Apply Methods (1) to Problem (0)
Create a List of Methods for (0)

Application of methods to a problem results in symbol

manipulation on the data list structures representing

the problem and will, hopefully, result in finding a

proof.



IV, HOW LT WORKS

In LT, the single problem executive uses the methods

:to find proofs for given problems. The methods are based

(5)

~on rules of inference set forth in Principia Mathematica.

The substitution method tries to directly prove a
given problem expression by matching it to an axiom ex-
pression or a previously proved theorem expression. The
matching procedure tries to effect identity between the
two expressions with an appropriate series of substitutions
for free variables., If the match succeeds, a proof has
been found.

The other methods do not try to find proofs directly.
Instead, they try to construct subproblem expressions to
serve as surrogates for the given problem. By construc-
tion, each new surrogate subproblem, when proved, will
imply proof of the given problem from which it was de-
veloped. Substitution is immediately tried on each new
subproblem in the hope that a proof is at hand.

The replacement methods try to develop subproblem
expressions by replacing logical connectives as specified

by the definitions. For example:

"Definition [AIB].=.[-AVB] and problem
~-PVP yield subproblem PIP."
PIP and -PVP are the same assertion in alternate forms
- as specified by definition *1.01.
i The method of detachment is based on the rule of
detachment (*1.11), and as in replacement, it tries to
develop a surrogate for the problem expression. The

rule of detachment:



"True expressions AIB and A yield new
true expression B"

is used in a backward sense:

"True expression AIB and problem B yield
subproblem A"
so that proof of the subproblem will imply proof of the
problem from which it was derived. The substitution
method is applied to each new subproblem immediately
after it is developed.
Chaining is not set forth as a rule of inference,
but its legitimacy as a method is provable from Axiom *1.5
or Theorems *2.05 and *2.06 by detachment. To be
strictly legal, chaining should not be used unless *2.05
and *2.06 are in the set of true expressions. Appropriately,
LT can prove all theorems through *2.06 without use of
chaining.
The methods of chaining also produce subproblem
expressions by working backward. For example:
"Problem AIC and theorem AIB yield sub-
problem BIC."
In this example, forward chaining works backward to obtain
a new subproblem which, if proved, implies proof of the
given problem. Backward chaining works backward in a
similar manner:

"Problem AIC and theorem BIC yield sub-
problem AIB."
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The main heuristiclr in LT is this procedure of work-
ing backward. It is easy to see that the methods could
work forward using only true expressions to develop more
true expressions, testing each new one to see if it proves
the given problem. This procedure would make LT's behavior
independent of the given problem, up to the time of proof
completion, and it would not perform any better than the
British Museum Algorithm.(B)

Working backward gives LT some vital sense of direc-
tion by taking advantage of the 'heuristic connection"*
of its problem space. If LT is viewed as a trial solution
generator with a solution tester, it is easy to see that
the generator should have some sense of how to produce
good trial solutions. LT's methods get this necessary
sense of direction by working backward.

Substitution is the only method that finds proofs
directly; thus, it serves as LT's trial solution tester.
It is immediately applied to given problems and is applied
as a subprocess to new subproblems as they are developed
by the other methods.

The other methods serve as trial solution generators.
New subproblems that do not lead directly to a proof are
set aside in the untried subproblem list to be selected

later for additional application of the other methods.

t . s e s .
By heuristic, we mean, '"Any principle or device
~that contributes to the reduction in the average search
to solution." (9)
% . . . .
For an excellent discussion of "heuristic connection,"
see Marvin Minsky on, ''The Problem of Search.' (10)
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Selection of problems and application of methods is
controlled by the single-problem executive routine, Ml
(Fig. 1). This routine applies substitution first to
avoid wasting effort on a directly provable problem. If
substitution fails, the other methods are used to build
trial proof sequences by developing subproblems. The
method of derivation, the true expression used, and the
problem from whence it came, are associated with each new
subproblem.

The collection of subproblems develops into a tree
of hypothesized proof sequences in which any proved sub-
problem constitutes proof of the given problem and of all
intervening subproblems. Since all new subproblems have
been through the substitution method, only subproblems
at the outer reaches of the tree are candidates for further
effort. These problems are kept on the untried problem
1ist. Ml takes subproblems from the untried problems
list, while the methods add new subproblems to it.

Figure 2 shows an example of a subproblem tree.

It is interesting to note that while ML works iter-
atively, the proof sequence tree grows recursively. This
occurs because the context (derivation information) of
each subproblem is directly associated with the subproblem
itself, while the names of worthwhile candidates for
additional effort are kept separately on the untried
problems list. This arrangement allows the problem execu-
;tive to work on whatever part of the tree it decides is
fmost profitable looking.

I1f Ml worked recursively, LT would attack subproblems

in the order of their development, which would involve a
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Begin M1 [Executive for given problem (0)]

Set up for new problem (M3)

Test utility of given problem (M43)
if 0.K. if N.G. > Print rejected problem (M81)

Print "TO PROVE" given problem (M78) Quit (J3)

Try substitution on given problem (M12)

if no proofl if proof found ——————7;,Print proof (M71)
~=Select list of other methods (M8)
Quit (J&)

Apply other methods to problem (M7)

(Each method adds any new

found problems to the untried list)

if no proof found if proof found -
Test if any limits exceeded (M90)

if not if yes
Find next subproblem (M60)

if found if failed Print failure (M72)
Print subproblem (M70) Quit (J3)

Fig. 1--The Single-Problem Executive



TO PROVE:

k1.2
Backward *1.01 *1.04
Chaining Replacement Detachment

Baékward
Chaining

*1.03
Substitution

Fig. 2--Sample Subproblem Tree
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depth-first attack on the problem, and make it difficult,

if not impossible, to temporarily shift attention to

more interesting parts of the tree. The subproblem tree.

in some sense represents what is known about the problem
and it seems reasonable that good problem-solving procedures
will require some ability to take an overall look at ''what
can be done'" in order to plan future activity.

The procedures embodied in Ml raise a number of
questions for which good answers are hard to find. For
example, it is unreasonable for each method to try all
available theorems, since most of them won't yield any
progress. It is easy to answer that a good selection
process is needed, but this is not very precise.

This problem is closely connected to the relevancy
question in information retrieval research. A more pre-
cisely stated answer might be, '"Design a theorem storage
and retrieval system that will deliver the names of
theorems, appropriate parts of which are feasible matches
for a given expression." The word "appropriate' takes on
a specific meaning for each method using the system.

There are many ways to implement such a system. An
interesting one is implemented around routines M54 and
M63 of LT. It is discussed in Sec. IX.

There are other interesting questions raised by Ml,
as enumerated in the following list:

1) What is meant by utility and how can it be
measured?

2) How should substitution be implemented?

*See Refs. 11 and 12 for recent discussions of the
implications of questions raised here.



3)
4)
5)
6)
7)

8)
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How should the other methods be implemented?
How are methods to be selected?

What theorems should each method try?

How many theorems should each method try?

What kind of effort limits are meaningful ?
Useful?

How should the next subproblem be selected?

The remaining sections describe ways in which these

questions have been resolved in the current version of

LT. They are not the only or the best ways but they do

enable LT to do a passable job of theorem proving.
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V. SUBSTITUTION AND MATCHING

Matching is the heart of LT. The substitution
‘method, M12 (Fig. 3), uses test for match routine Ml1l4
(Fig. 4) to try to effect identity between a problem and
a theorem. M1l14 uses substitution for free variables as
appropriate.

It may seem confusing, but substitution method M12
does not actually do any substitution. It only acts as
an executive for matching a given problem with a sequence
of appropriate theorems until a match is found or the
theorem supply is exhausted. Determination of required
substitutions is made by the match process.

Test for match routine, M114, is also an executive.
It "puts off the work'" to match process M11l1l (Fig. 5).
M114's only reason for existence is to discard the output
of M111 if a match is successful. Remember, TEST routines
should leave no outputs in HO,

M111l does its matching with subprocess 9-100 (Fig. 6)
after setting up an empty substitutions list. Since an
expression is recursively defined in LT, the match sub-
process is recursive. It tests for identity of variables
and connectives between expressions, arranges effective
substitution for free variables as required, and recur-
sively matches corresponding subexpressions.

Required substitutions are effected through use of
the substitution list. The match process adds new re-

;quired substitutions to the list as they are discovered
and looks up previously assigned substitutions when free

variables are encountered in expressions. The substitution
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Begin M12 [Substitution method for problem (0)]
Define Context (J43)

Find main expression (J81)

T;hly substitution counter (J125)

Create list of feasible theorems (M63)

Apply 9-100 to each theorem of the feasible list (J100)

[ Subprocess 9-100 of M12]

Find main expression of theorem (J81)
if found if none ——— Quit + for generator

Test main expressions for match
with substitution as required (M114, Fig. 4)

Assign proof (J11)

Output problem and quit - for generator

Make free variables of problem disjoint with theorem (M110)

if matched if failed = Quit + for generator

Erase feasibles list (J71)

Clear context (333)

Reverse H5 from generator and quit M12 (J35)

Fig. 3--The Substitution Method
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Begin M114 [Test if segments (0), (1) match
l with substitution as required]

Match segments  (M111l, Fig. 5)
if matched if failed » Quit -

Erase substitution list (J71), quit +

Fig. 4--Test for Match with Substitution

Begin M111 [Match segments (0), (1) with substitution as
required. Output compact substitution list
l if successful]

Create empty substitution list (J90)

Match with substitution using created list (9-100, Fig. 6)

if matched-——l if failedf—l

Output created list, Frase created list (J71),
quit + quit -

Fig. 5--The Match Process



Begin 9-10
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0 of M111 [Match segments (0), ).
substitutions as required]

Use substitution list in 9-10, adding

!

Define context (J51)

Test if 1Wl is ——— Test if 1wl is a

—=9-104: Test if 1W0 is ——=—" 9-101: o5 =
a variable (P8) a variable (P8) ¥y free variable (P9) y
yes no no
»Match 9-110: Test if connectives = @uit =)
subsegments 2W0, 2Wl are identical (J2)
using 9-100
recursively yes located
H5+ h
9-113: Locate next ———————=9-112: Locate next
matched subsegment of 1WO failed subsegment of 1Wl (J60) .
(J60). Result to 1wo Result to 1WlL
H5- failed

Test if 1WO is a

free variable (P9) ne

yes

Find substitutor
of 1W0 (J10)

none
found

9-103:
TEST if 1WO

no

ASSIGN 1Wl as
substitutor
for 1W0 (J11)

Replace 1WO by
its substitutor

located

—_——§-102:

located failed

—={Quit -)

Locate next
subsegment of 1Wl (J60) .
Result to 1Wl

failed

— = Test if 1Wl is a

Test if 1Wl is =
y free variable (P9

a variable (P8) y e

no no
Test if 1WO
=1 2) 7

Find substitutor
of 1WL (J10)

9-111:

none found

9-107%:
Test if 1Wl = 1W0 (J2)

Wl (J2) Jes

no

ASSIGN 1W0 as
substitutor
for 1Wl (J11)

@D

Replace 1Wl by
its substitutor

————————°c1ear context (J31), terminate with H5-
clear context (J31), terminate with H5+

Fig. 6--The Match Subprocess
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list is a description list with free variables for attri-
butes and assigned substitutions as values. Because the
values are often subsegments of the actual expressions
being matched and because they, in turn, may require sub-
stitutions within themselves, the substitution list output
by M111 is called a compact substitution list.

Figure 6 shows how M11l uses the compact substitution
list to effect identity between expressions. The IPL-V
symbols in Fig. 6 are taken from the code listed in
Sec. XV.

A compact substitution list is not suitable for
actual substitution in newly constructed expressions as
required by other users of the match process. An expanded
form can be obtained by matching with M113 (Fig. 7) which
applies M112 (Figs. 8-11) to expand the compact list from
M111l. The expanded list contains completely substituted
locally named copies of the parts and pieces of original
expressions that made up the original compact list.

M112 expands the list in one pass by replacing each
assigned substitution by its properly substituted locally
named copy, using the substitution list itself to look
up required substitutions as it goes. The subprocess
that constructs properly substituted copies for replacement
works recursively and is called delineation (9-100 and
9-200 of ML12, Figs. 9, 10). 9-300 of M112 (Fig. 11)

is used to replace free variables in expressions.
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Begin M113 [Match segments (0), (1) with
substitution as required. Output
expanded substitution list]

Match segments M111)
if matched if failed > Quit -

Expand substitution list (M112, Fig. 8)

Output list, quit +

Fig. 7--Match with Substitution and Output
Expanded Substitution List

Begin Ml12 [Expand substitution list (0)]

#

Set context (J51)

— Locate next expression (J60,360)
if located 1f none —» Quit, clear context

Delineate expression (9-100, Fig. 9)

'

Replace with delineated expression (21w0)

L J

Fig. 8--Expand Substitution List

(J31)
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Begin 9-100 of M112 [Delineate expression 0]

&

Set context (350)

Test if expression is a simple variable (P8)

if not——w if yes———l

Test if a free variable (P9)
if yes-—-l if not —— Output input, quit

Delineate free variable (9-200, Fig. 10)

#

OQutput result, quit (330)

|

9-101: Create local copy (J74, J136)

Cenerate free variable locations of expression (P28)

[ subprocess 9-300]

Replace the free variable by its delineated

substitutor (Fig. 11)

l

Output delineated replacement expression

Quit, clear context (J330)

Fig. 9--Delineate Expression

(J30)
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Begin 9-200 of M112 ([Delineate free variable (0)]

Set context (J50)

Find corresponding substitutor (J10)
if found ——1 if none ——————= Qutput input, quit (J330)

Delineate substitutor (9-100, Fig. 9)

Quit, clear context (J330)

Fig. 10--Delineate Free Variable

Begin 9-300 of M112 [Replace free variable 2HO by
1 its delineated substitutor]

Set context (J50)

&

Delineate free variable (9-200, Fig. 10)

'

Replace with delineated expression (21w0)

#

Clear context, quit + for generator (J4)

Fig. 1l1--Replace Free Variable by Delineated Substitutor



-2 -

Vi, THE OTHER METHODS

The methods, other than M12, do not detect proofs
directly. It is the purpose of the other methods to de-
velop new subproblems, which, if they can be proved, will
imply proof of the given problem.

In the detachment method (Ml1l, Figs. 12, 13) this
is done by matching the whole problem to the right sides
of a sequence of theorems whose main connectives are
IMPLIES. For each successful match, a new subproblem is
constructed by copying the left side of the theorem and
substituting into the copy from the expanded substitution
list obtained from the successful match.

Problem -PVP and axiom [AVB]I[BVA]
yield subproblem PV-P.

Replacement method M13 works the same way except
that it can match expressions to either side of defini-

tions (expressions with main connective .=.).

Problem PIP and definition [AIB].=.[-AVB]
yield subproblem -PVP.

Problem -PVP and definition [AIB].=.[-AVB]
yield subproblem PIP.
The sublevel replacement method (Ml6, Figs. 14-16)
‘matches problem subsegments to definitions, proceeding
through a problem expression one level at a time. At
each level, each subsegment is tried for replacement. A
new subproblem is formed if one or more subsegments are

replaced at a given level.
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Begin M1l [Detachment method for problem (0)]
8

Define context (J345)

&

Find main expression of problem (J81)
if found if none ———= Quit -, clear context- (J35)

Find maps of both sides of main connective IMPLIES (J10)
if foundf—] if none ——— Quit -, clear context (J35)

Find map of right sides of IMPLIES (J82)
if found if none ——— Quit -, clear context  (J35)

Create list of theorems with feasible right side
matches for whole problem (M63)

Generate feasible theorems for process 9-100 (J100)

[ Subprocess 9-100]

Match problem to theorem right.
Set H5 for generator (Fig. 13)

Erase feasibles list (J71)

Reverse H5 from generator (J5)
(H5+ means output (0) is a solution,
H5- means no output]

Clear context (J35)

Fig. 12--Detachment Method
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Begin 9-100 of M1l [Try detachment with theorem (0)]

Make free variables of problem disjoint
with theorem (M110)

l

Find right side of theorem (P14)
if found if none —— Quit + for generator (J4)

Match problem to theorem right. (ML13)
if matched‘l if not —— Quit + for generator (34)

Find theorem left side (P13)
if found if none —— Erase substitution list (J72)

Quit + for generator (J4)
Create new total expression from theorem left (P17,P24)
Apply substitution list to mew expression (M115)

Erase substitution list (J72)

Finish building new subproblem and test utility (M19)
if O.K.————lif N.G. ——— Quit + for generator

Try substitution. (M12)
if proof if no proof ———= Quit + for generator

Output proving subproblem and quit - for generator

Fig. 13--Detachment Method Subprocess
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Begin M16 [Sublevel replacement method for problem (0)]
Define context (J48)

Find definition maps list (J10)
if found if none 2

Find map of left sides (J81)

if found if none > = Clear context (J38)
Find map of right sides (J82)
if found if none — Quit -

Find beginning level for replacement (Q17) )
if found if none

r---———---.Copy problem for replacement (P25)
r————Set ""NEW SUBPROBLEM FLAG'" to NO (60W5)

Generate segment locations from level 1W3 of problem copy (P26)

[ Subprocess 9-100]

Try to replace the segment in location (0).
Set '"'NEW SUBPROBLEM FLAG" to J4 (ON) if successful.
Set H5+ for generator (Fig. 15)

!

Execute "NEW SUBPROBLEM FLAG" (0lW5)

if no——\ if yes____.1

Finish up new subproblem 1W4 (M19)
if good if no good N

Try substitution (M12)
if proof if no proof —— — @ @

Clear context (J38), quit +

Bump level by -1 and test Bump level by -1 and test
if greater than 1 (9-20) if greater than 1 (9-20)
if yes— if no if no if yes
Assign new level to Erase copy (J72)
problem copy (J11)
e
Clear context (J38), quit -
- »

Fig. 14--Sublevel Replacement Method I
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Begin subprocess 9-100 of M16

[(Try to replace the segment in location (0)]

Create a list of definitions with feasible left side
matches to segment (M62)

Generate feasible definitions (J100)

if

[ Subprocess 9-200]

Try to replace segment by matching left sides.
Set 'NEW SUBPRCBLEM FLAG" to J4 (ON) and set
H>- for generator if successful (Fig. 16)

failed —~ 1if successful

Erase feasibles (J71)

4

! Quit + for generator (J&)

Create a list of definitions with feasible
right side matches to segment (M62)

i

Generate feasible definitions (J100)

————[ Subprocess 9-300]

Try to replace segment by matching right sides.
Set "NEW SUBPROBLEM FLAG" to J4 (ON) and

set H5- for generator if successful (Fig. 16)

Erase

feasibles (J71), quit + for generator (J4)

Fig. 15--Try to Replace Located Segment
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Problem [PI-P]I-P and definition [AIB].=.[-AVB]
yield subproblem [-PV-P]I-P.
Sublevel replacement method M17 is identical to Mlé
' except that it tries to replace all subsegments starting
. with those at the lowest level of the problem expression.

The forward chaining method matches the left side
of the problem with left sides of a sequence of appropriate
theorems. In the event of a match, a new problem is con-
structed with copies of the right side of the problem and
the right side of the theorem. The new subproblem is then
substituted into according to the substitution list ob-
tained from M113. '

Problem PV---P and theorem AV-A yield
new subproblem -PI---P,

Backward chaining is the same except that it matches
right sides and uses the left sides to construct new sub-
problems.

Problem PI[PVQ] and theorem [AVB]I[BVA]
yield new subproblem PI[QVP].

Each new subproblem produced by a method needs further
processing after appropriate substitution for free vari-
ables. Since this is the same for all methods, a separate
routine, M9 (Fig. 17), was designed to finish off new
subproblems.

M19 connects a new problem into the subproblem tree
by assigning values to its derivation attributes. Then,
,after testing utility, it either quits with H5+ or erases

the bad problem and quits with H5-. The utility measures

used are discussed in the next section.
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Begin M19 [Finish building new subproblem and measure utility]
Define context (J53)
Fill out description (J11's)

Test utility. Add to found list if can (M43)
if no good if 0.K.
Add to untried list (M51)
Clear context (J33)
Output subproblem and quit + (J4)
J

Test if printing rejects (J2)
if no —— if yes

Print reject (M81)

—
Y
Erase no good subproblem (J72)

|
Clear context (J33), quit - (J3)

Fig. 17--Finish Building New Subproblem
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The last thing each method does to each ''good"
subproblem is to try substitution in the hope that a

proof is at hand.
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VITI., UTILITY MEASURES

LT considers a problem to have sufficient utility
if it has not been previously found and is not clearly
unprovable. The newness test adds a new problem to the
found problems list if it doesn't match any problems
already on the list. The non-provability test rejects
single variables (P, -P), problems with matching sub-
segments of main connective OR (PVP, [PIQ]V[PIQ]), and
problems with faulty structures. Routine M43 (Fig. 18)
handles utility measurements.

The test for match across OR uses ML14 which uses
substitution. The test for newness, M42 (Fig. 19), uses
M40 (Fig. 20) which does not match with substitution
but does consider any pair of free variables in corres-
ponding positions to be matched.

In order to reduce search time in M42, the found
problems list is kept in a structured form. The structure
is based on the number of levels (Q2), number of distinct
variables (Q3), and the number of variable places (Q4)
in the problems stored. Only problems with identical
values for Q2, Q3, and Q4 are put through a full match
test (M40).

Other more interesting and profitable organization
techniques might be developed as student exercises. For
_example, the found problems might be kept on a map similar

to that used for true expressions. This might lead to
new ways to organize the untried problems and facilitate
new and interesting procedures for the single and multiple

problem executives.,
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Begin M43 [Measure utility of problem (0)]

Define context (J43)

Find main expression (J81)
if found if none ~

Go thru NOTS (P4)
if O.K.‘**l if faulty expression —

Test if simple variable (P8)
if no if yes ~

Y
Clear context (J33), quit -

Test if main connective is "OR" (J2)
if no —— 1if yes

Test if right and left sides match (M114)

if no if yes —————————1
f—~———————:] Clear context (J33), quit -

Y
Add to found list if can (M42)

if cannot—l if can ———————1

Quit - Quit +

J

No output, clear context (J33)

Fig. 18--Measure Utility
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Begin M42 [Add to found list if canl]
Define context (J42)

Find appropriate sub-sub-sub-list (9-100, 9-100, 9-100)

if found if failed ———— Quit - , clear contexts (J32)

Generate sub-sub-sub-list for matching subprocess (J100)

[ Subprocess]
Compare total expressions (M:0), reverse H5 (J5)

if no match if any match

Quit - , clear context (J332)

Add at end of sub-sub-sub-list (J65)

Quit + , clear context (J332)

Begin 9-100 of M42 [Get sub-list]

Locate sub-list of appropriate level or locate place
to insert a new sub-list (P55)
if to insert if usable sub-list

Get sub-list and quit
Create and insert new sub-list (J91, J64)
Create and insert new data term marker (J120, J64)

Output created sublist and quit

Fig. 19--Add to Found List

(J80)
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Begin M4l (Test match of segments without substitutions]
Define context (J51)

Test if first is variable (P8)

if no—— if yes ——W

Test if first and second are identical (J3)
if no—l if yes ———= Clear context (J31), quit +

Test if second is free variable (P9)
if yes—] if no ———— Clear context (J31), quit -

Test if first is free variable (P9)

Clear context (J31), quit + or -

Test if second is variable (P8)
if no if yes ————= Clear context (J31), quit - (J5)

Test if subsegment connectives are identical (J2)
if yes if no ——= Clear context (J31), quit -

Find left subsegment of first (J81)
if found — if none

Find left subsegment of second (J81)
if found if none

Discard 1HO (30HO)

Reverse H5 (J5), Clear context {(J31), quit + or -

Find left subsegment of second (J81)
if found— if none ————= Discard 1HO (30HO0), clear context (J31), quit -

Match subsegments recursively (M41)
if matched-— if no match ——= Clear context (J31), quit -

Find right subsegment of first (J82)
if found—— if none

Find right subsegment of second (J82)
if found if none

Discard 1HO (30RH0)
Reverse H5 (J5), clear context (J31), quit + or - (J5)

Find right subsegment of second (J82)
if found—— 1if none ———— Discard 1HO (30HO0), clear context (J31), quit -

Match subsegments recursively (M4l)

Clear context (J31), quit + or -

Fig. 21--Test Match of Segments Without Substitution
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VIIT. INFORMATION STORAGE AND RETRIEVAL

The original version of LT similarity-tested all
available axioms and theorems for matching with each prob-
lem expression. The similarity test used the number of
levels, number of distinct variables, and number of vari-
able places in expressions to measure match feasibility.
The purpose of the test was to obtain efficiency by
screening out unlikely match candidates.

These measures of match feasibility were not very
effective because of the extensive processing required
and because of the global nature of the measurements.

Selection of true expressions for matching should
take advantage of the fact that successful matching depends
on similarity of local structural characteristics. Of
course, any cheap elimination of useless true expressions
is good, but difficulties arise when relatively scarce
useful theorems are eliminated. Use of the original
similarity test sometimes made problems unprovable because
crucial matches were prevented, thus preventing development
of crucial subproblems.

These and other considerations have led to develop-
ment of better measures of match feasibility. Work in-
volved with extending LTT to handle problems involving AND
and EQUIVALENCE connectives led to the ideas that an
expression is better characterized by its form than by
simple counts of its various elements, and that the

" essence of a form is in its connective structure.

Development of the true expressions map and extension
of LT to handle AND and EQUIVALENCE connectives was done
by the author as a term project under Fred Tonge, using
the Western Data Processing Center's IBM 7090.
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New requirements for match feasibility were developed
as follows:
A true expression is considered to be
a feasible match if it has the same
connective structure as the given problem,
viewing the problem as contracted at sub-
segment places as required.
By "viewing as contracted,'" we mean viewing a segment as
. . . t .
though it were a simple bound variable. This corresponds
to the M11l matching procedure of assigning segments as
substitutors for free variables as required. For example,

under the new feasibility requirement:
[pPvQIIlPVLPVQ]]
is a feasible match for Axioms

*1.2 [AVA]IA
*1.3 AI[BVA]
*1.4 [AVB]I[BVA] ;

but not for Axioms

*1.5 [AV{BVC]]I[BV[AVC]]
*1.6 [AIBII[[cvAlI[cVB]] .
*1.5 fails because its left side has a segment place cor-
responding to a bound variable place. *1.6 fails because
its subsegments have the wrong connectives.
Implementation of the new requirement was accomplished
by mapping all true expressions onto one structure, called

"The Map of All True Expressions'" (L4). This map serves

TIn LT, bound variables are treated as though they
are segments of a particular but unknown form; thus, they
can be substituted for free variables but nothing can be
substituted for them.
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as an index to the true expressions and facilitates
selection of feasible matches without individual testing
~of each true expression.

The structure of the map is similar to that of ex-
pressions in that it forms a tree and has nodes corres-
ponding to variable and segment places. Figure 22 shows
the map structure when it contains Axioms *1.2 through *1.6.
Main map L4 is an IPL-V description list with connectives
as attributes and sublists of submaps as values. Each
submap has the same form as the main map and each submap
place corresponds to a variable or segment place in at
least one true expression. The head of each submap holds
a list of theorems, each of which has a variable place
corresponding to the submap place. Figure 23 shows how
the axiom map looks when keypunched.

By examining the map (Figs. 22, 23) it can be seen
that Axiom *1.4 has a variable at the left of OR, which is
at the left of main connective IMPLIES, etc. Main map
L4 in Fig. 23 has only one attribute because all axioms
have the same main connective.

Addition of definitions and newly proved theorems
will cause additional attributes to appear in the main
map. The head of L4 will always remain empty because no
true expression can be without at least one connective.
The map is constructed and searched by the routines dis-
~cussed below.

M54 (Fig. 24) adds expressions to the map structure
by mapping each new expression over those previously
mapped, extending the structure as needed. Since the
structure is a tree, M54 does its work with a recursive

subprocess (9-100) which adds subsegments to submaps.
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L4: Axiom Map

Axioms

*1.2 [ava]1a
/i\ *1.3 a1[sva]

[ N~ ] % 1.4 [ave]1[sva]
%1.3 x1.2| %15 [av[svc]]i[sv[avc]]
/l\ /ll 1.6 [at8]1[[cvali[cvs]]
r ; I ; ~ s ; I i ™
*1.2 %1.3
*¥1.6f [*ra|l |X121 Ixie 0 xt.a| [¥1-3 0
xis| (%14 wis| [*r.a
*¥1.5] |x1.5] [x16| |%i.6| [%x1.5] [*1.5] |*1.6] |%1.6

Fig. 22--Axiom Map
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TRUE EXPRESSIONS MAP HOLDING AXIOMS
#¥1e2y ¥1lo3s *¥loks ¥1e5r ¥*lebe
MAPS LIST FOR MAIN CONNECTIVE I.

SUBMAP,s LEFT SIDES OF T

SUBMAPSs RIGHT SIDES OF 1.

AXICMs VARIABLE ON LEFT OF 1.

MAPS LIST FOR I ON LEFT CF I

MAPS LIST FOR V CN LEFT OF I

AXIOMs VARIABLE ON RIGHT OF 1.

MAPS LIST FOR I ON RIGHT OF 1.

MAPS LIST FOR v ON RIGHT CF I

SUBMAPs LEFT OF I ON LEFT OF 1.
SUBMAPs RIGHT OF 1 ON LEFT OF 1.
SUBMAP, LEFT CF v ON LEFT OF I.

SUBMAP,s RIGHT OF Vv ON LEFT OF I
SUBMAP,s LEFT OF 1 ON RIGHT OF I.

SUBMAPSRIGHT OF 1 ON RIGHT OF 1.

SUBMAPs LEFT OF v ON RIGHT OF 1.
SUBMAP,s RIGHT OF v ON RIGHT COF 1.

AXIOMs VARe LEFT OF Is LEFT CF T

AX10OMs VAR. RIGHT OF Is LEFT CF I

Fig. 23--Axiom Map in Keypunched Form
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Fig. 23--(Continued)

9-20

9-26

9-27

For oy bt
P U S WO DD

Ko 2N JENe JEVOJRVO IRV JiVo JENs JENo |
i
WL WL wwwmN N

*14
%12

9-28
9-29

*#15
*14
*12

6-30
9-31

9-32
9-33
%15
*14
*13

LR )
- =
(SN

D0 00O
1 t
W W W W W

]
&

(VRN G Ve B ¢ s B IR AR S I o8

§

U 3 & IV JEVs BENe IRV IRVe JiNs )
Ll i
(8] Pl B o

SOOI DO0

O

)



4t -

Begin M54 [Add total expression (0) to map of
expressions (1)]

Define context (40W0)

Find main segment (J81)
if found if none —— Quit, clear context (330)

Add main segment (1) to map (0) (9-100)

Quit, clear context (J330)

Begin 9-100 of M54 [Add segment (1) to map (0)]
Define context (J43)

Test if simple variable (P8)
if no if yes ———— Add theorem name to list in map head

Quit, clear context (J33)

Find submaps list (J10)
if found— if none

Extend map

J
Add lst subsegment to lst submap (9-100)

Test if another subsegment (P6)
if yes If no ———— Quit, clear context (J33)

Add 2nd subsegment to 2nd submap (9-100)

Quit, clear context (333)

Fig. 24--Add Expression to Map
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M63 (Fig. 25) extracts names of feasible match ex-
pressions from the map by using a given problem expression
as a guide. This is done by laying the problem expression
over the map structure and collecting true expression
‘names from overlaid map heads. Figure 26 shows a problem
expression [pPvQlI{PV[PVQ]], laid over the map SO that
Axioms *1.2, *1.3, *1.4, and %1.,5 appear in overlaid map
heads. Note that *1.5 is not a feasible match for the
given problem and that *1.6 is never encountered.

M63 uses recursive processes M62 (Fig. 25) to ex-
tract a list of feasible match expressions from the map
structure. It uses the following procedure to gather
expression names from overlaid map heads and prevent un-
wanted expressions, such as %1.5 of Fig. 26, from appearing
in the output list.

For each map (submap) and corresponding
segment (subsegment):

1) Recursively find all feasible matches
for all subsegments from corresponding
submaps; then

2) If the segment (subsegment) connective
is unary (such as NOT), skip to step
3) below, otherwise find the inter-
section of matches obtained from all
submaps; then

3) Append the results of step 2) to a
copy of the list of expressions from
the head of this map (submap) ; and

4) Output the result as a list of feasi-
bles from this map (submap).

This procedure meets all requirements set forth pre-

viously. When applied to Fig. 26, it shows that Axiom *1.5
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Begin M63 [Create list of true expressions for feasible match with total
expression (1) from map (0)]

Find main expression of TEX (J81)
if found——l if none ——— Create empty list (J90) for output, quit

Begin M62 [Create list of true expressions for feasible match with
segment (0) from map (1)]

Copy list of theorems in head of map J73)

Test if segment is a simple variable (P8)
if no if yes -

.

Locate first subsegment (J60)

if located if none W
_—1 Quit, output copy of list from
Find list of appropriate submaps (J10) map head
if found if none —

i

Locate first sub map (J60)
if located if none

-

Create list of feasibles from first submap with first subsegment (M62)

Tei% 1§Smore sg?ssgments (P6) Append first submap list to copy of
y map head list for output (J16
Save first submap list as working list Quit

Locate next subsegment (J60)
if located — if none Append working list to copy of map
head list for output (J63)

Locate next submap (J360) Quit
if located if none

Create list of feasibles from new submap with new subsegment (M62)
Get intersection of new submap list and working list (9-100)

Test if working list is not empty (J78)
if not empty-w if empty

— Erase empty work list (J72)

Quit, output copy of list from map head

Fig., 25--Create List of Feasible Expressions
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L4: Axiom Map

Problem

[Pva]i[ev[pva]]

*1.3 *1.2
. I — [
*1.2 %1.3
x1.6| [%i.4 ::'i % 1.6 *1.4 ::'2
%1.5 : x1.5 :
x1.5[ [*1.5] [%1.6] [%1.6] | %151 | x1.6| |%1.6

Fig. 26--Axiom Map with Overlaid Problem
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is eliminated by step 2) because its name doesn't appear

in the map head on the right of OR on the left of main
connective IMPLIES. Step 3) provides viewing as contracted
at every segment and subsegment place. The procedure
‘completely avoids consideration of *1.6 because *1.6
doesn't have the right subsegment connectives.

The ability to completely avoid consideration of
certain types of unlikely match candidates is one of the
most important features of this retrieval system because
each method (M11-M16) deals with a different part of the
true expressions it uses. MLl2 matches whole expressions,
so it uses the whole map. Ml1l matches whole problem ex-
pressions to the right sides of true expressions that have
main connective IMPLIES, so it uses only the submap of
right sides of main connective IMPLIES. M13, Ml6, and M17
use only the submaps of DEFINITIONAL EQUIVALENCE. Ml4
and M15 use whatever section of the map is appropriate
for the problem at hand.

M14, M15, M16, and M17 use problem subsegments to search
appropriate submaps, thus taking full advantage of the
ability to ignore all irrelevant parts of the map. This
ability becomes more valuable as the number of true ex-
pressions becomes large. Thus, this new theorem storage
and retrieval system at least partially solves the old
problem of what to do with too much information. Obviously
.irrelevant true expressions no longer get in the way.

Although the expression map technique can be used
elsewhere, it is used in this version of LT only to
organize true expressions. In particular, itiggh be

applied to the found problems list which is currently
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organized in terms of number of levels, number of variables,
and number of variable places. However, the payoff will

be smaller because the found problems match process (M40)
doesn't use substitution, so there is no need for viewing
as contracted at any level. In fact, a map search routine
for a found problems map should specifically avoid viewing
as contracted.

Reorganization of the untried problems with a map
structure would be more interesting. Some modification
of the structure would be required because the viewing
as contracted problem is inverted. Once this is done,
routines could be devised to search both the true expressions
map and the untried problems map at the same time. The
result of such a development might enable LT to "see" a
larger part of its problem at a time by giving it some
ability to scan the problem and its context as a unit.

This sort of thing should lead to more sophisticated
ways to select and apply methods to problem theorem pairs.
The problem executives (ML, M2) would need expansion to
explore problems and plan attacks. The lower-level

routines would not need any significant modification.



-50-

IX. LOWER-LEVEL ROUTINES

The lower-level routines operate on expression struc-
tures and terms. The objective of segregating these
processes from the higher-level routines is to generalize
the program. In theory, the expression structures that
LT handles can be modified by changing only the lower-
level routines. In practice, a few changes would also
be required in some of the higher-level routines.

Some lower-level routines have interesting charac-
teristics. First among these are the "Q" routines. Each
of the IPL-V symbols, Ql-Ql9, can take on more than one
meaning, depending on the context of its usage. For
example, Q7 is the name of a routine (FIND EXTERNAL NAME)
and is also the name of an attribute (EXTERNAL NAME) used
on the description lists of total expressions, variable

terms, and character symbols,

COMMENTS TYPE NAME PQ SYMB LINK

ROUTINE HEADER 5 00
FIND EXTERNAL NAME Q7 10 Q7  Ji0
DATA HEADER 5 01
SYMBOL FOR CHARACTER X X0 9-1 0

9-1 0
ATTRIBUTE-EXTERNAL NAME Q7

9-2 0

VALUE-ALPHANUMERIC DATA TERM 9-2 21 X

There is no conflict of usage because the descrip-
tion list processes never operate on the contents of cells
whose names are used as attributes. If, by private con-
vention, nothing is ever done with the value of an attribute,

the attribute symbol may also serve as its own dummy value,
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as well as for the name of the routine used to find it.
Q5, Q6, and Q7 are examples of this usage. (See Sec.
XV for code listings.)

There is no reason for '"find" routines to be short
and simple. Q2, Q3, and Q4 are examples of what is some-
times called an active attribute. Routine Q2 (Figs. 27,’
28), when applied to a total expression, tries to find
the number of levels in the expression as the value of
attribute Q2 on the description list. If it doesn't find
a value there, the routine counts levels, assigns the
count as the value of attribute Q2, and outputs the value.
H5 is set minus if a value cannot be found. This can
only happen if the expression structure is faulty so
_that the number of levels is undefined. Q3 (Fig. 29) and
Q4 work in a similar fashion to find the number of dis-
tinct variables and number of variable places.

Some interesting generators can be found among the
MP" routines. P29 (Fig. 30) is interesting because it
~uses itself recursively with J18 as a subprocess to search
~the lower levels of expressions. P29 generates bound
ivariable locations from expressions. P28 is of the same
form, but generates free variable locations.

P26 (Figs. 31, 32) has a more difficult task. It
is used to generate subsegment locations from a given
level of a given expression. To do this, it uses
‘local subgenerator 9-200 (Fig. 32), which counts expression
sublevels as it descends into the expression to generate
. subsegment locations. The most interesting feature of
%P26 is the way subgenerator 9-200 is executed by sub-
?processes 9-100, with 9-100 as the subprocess.
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Begin Q2 [Find number of levels of total expression (0)]

Preserve name of TEX (40HO)

Find number of levels on description list (J10)p
if failed — if found ——— Discard TEX (J8), quit +

/
Create local data term for description list (J120)

/
Create counter (J120)

Define context and save counter (J52)

]
Find main expression (J81)

if none —m— 1if found

Count levels of main segment (9-100, Fig. 28)
_J

v
\

/
Erase counter (J9)

|
Set up level for output (11Wl)

if H5+ —— 1f H5-

Erase level (J9), clear context (J32), quit -

\
Assign level as value of Q2 on description list (J11)

Clear context '(J32), quit +

Fig. 27--Find Number of Levels
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Begin 9-100 of Q2 [Count sublevels recursively]
Copy counter (J120)
Tally new counter (J125)

Define context and save new counter (J50)

:

Test if segment is variable (P8)
if yes— if no

Generate subsegments (J100) for counting by (9-100)

Erase counter (J9), clear context (30W0), quit -

Y
Test if counter greater than level (J115)

if no— if yes——————l

Set level equal to counter (J121)
) J
i

Erase counter (J9), clear context (30W0), quit + (J&)

Fig. 28--Count Sublevels Recursively
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Begin Q3 [Find number of distinct variables in total ex-
pression (0)]

Preserve name of TEX (40HO)

Find number of distinct variables on description list (J10)
if none if found ——— Discard TEX (J8), quit +

Define context (J42)

Create list of free variables (P30)

Count free list (J126)

Mark count local for description list (J136)
Erase free list (J71)

Create bound list (P31)

Count bound list (J126)

Add bound count to free count (J110)

Erase bound list (J71)

Erase bound count (J9)

Assign counter as value of Q3 on description list (J11),

Clear context (J32), output counter and quit +

Fig. 29--Find Number of Distinct Variables
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Begin P29 [Generate locations of bound variables]

Define context (P17)

Test if input segment is a variable (P8)
if no if yes ————= Clear context, quit + (J19)

—=Locate next subsegment (J60)
if located— if none —— (Clear context, quit + (J19)

\
Test 1if a free variable location (P9)

if yes——— if no——l

Test if a bound variable location (P8)
if no if yes -

Recursively generate (P29) from
subsegment for subprocess J18

if H5+ ——] if H5- —

Apply subprocegs (J18)

if H5- ——J if HS5+ =

i
Clear context! quit - (J19)

-

Fig. 30--Generate Locations of Bound Variables
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Begin P26 [Generate segment locations from level (2)
of total expression (1) for process (0)]

Define context (J17)

Find main expression (J81)
if found if none —— (Clear context (J19), quit +

Test if variable (P8)

Create zero valued counter (J120)

Save counter and level (J21)

Generate subsegment locations from main segment (9-200, Fig. 32)

[ Subprocess 9-100]

Test if at proper level (J114)
if no if yes

Fire subprocess of P26 (J18)
Quit + 'or - for generator

Generate subsegment locations for subprocess
9-100 (9-200)

Quit + or '- for generator

Erase counter (J9)

Clear context (J19) and quit + or -

Fig. 31--Generate Segment Locations from
Given Level of Expression
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Begin 9-200 of P26 [Generate subsegment locations from

segment (1) for subprocess (OZ]

Def%pe context (J17)

Creéte new sublevel counter (J120)

Bump counter (J125)

if located if none

Locate next segment place (J60)

—
Test if variable (P8)
if yes—————l if no ———
Restore HO (40HO)
[
Fire subprocess (J18)
if H5+ —  if H5- —
J
Y

Erase counter (J9)

Clear context (J19), quit + or -

Fig. 32--Generate Subsegment Locations from Segment
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P50, P51, and P52 also form an interesting group of
routines, They are used to convert expressions from
list form to tree form. Previous discussions have
~dealt only with tree form expressions. LT uses list
- form expressions to make inputting of expressions easier.
Expressions can be put into LT in any of three
different forms. Tree forms and list forms can be direct-
ly loaded or M89 may be used to read Hollerith records
with the line-read primitives (J180's). M89 will be
discussed in the next section.
List form expressions have no tree structure so
they are easier to write down on code sheets. The ex-
pression is carried as a simple list of character symbols,
as shown below. Entire expressions must be parenthesized

and redundant parentheses are not allowed.

Head {*208 9-1 0
(0
PO
List Form 10
Expression PO
)O 0
Description 9-1 0
List Q7
9-2 0
External Name {9-2 21%2,08

P50 converts expressions from list form to tree form
only if they are not yet in tree form. Tree form expres-
~sions have attribute Ql5, while list forms do not.

P50 is a simple routine which first tests for tree
form. If the given expression is not in tree form, P50

replaces delimited external connectives (P51); creates a
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tree form from the list form (P52); discards the old list
form, saving its head and description list (J75,371);
~inserts the new tree form main expression after the old
head (J64); and assigns tree form attribute, Q15, to the
expression (J11).

P51 replaces delimited connectives such as .=. by
scanning the list form for the delimiter symbol. When
one is located, a check is made to be sure there is another
delimiter symbol on the other side of the delimited symbol.
If there is, all three symbols are replaced by the proper
internal symbol obtained from the table of delimitable
symbols. K7 holds the delimiter symbol and L8 is the
name of the table of delimitable symbols.

P52 (Figs. 33, 34) creates a tree form main segment,
complete with subsegments, from a given list expression

without destroying the latter. Since a parenthesized list

Begin P52 [Create main segment from list (0)]

Define context (J&1)

Create first segment from list 1Wl (9-100, Fig. 34)

Clear context and quit + or - (J31)

Fig. 33--Create Main Segment from List Expression



-60-

Begin 9-100 of P52 [Create next segment from list expression 1Wl)

Locate first symbol of list expression 1Wl (J60)
if located if none S

Test if opening paren (J2)
if yes——~ 1if no

Test if NOT (J2)
if yes if no Test if variable (P8)
if yes if no ——

Set up empty segment (J90,J50)
Output variable and
quit +

Create NOTed subsegment (9-100)
if bad— if good

Insert dummy (/14) character

(J63) and quit -

Insert subsegment into segment 1WO (J65)

Mark segment 1WO local (J136)

Output segment 1W0, clear setup (J30), and quit +

Set up empty segment (J90, J50)

Create first subsegment (9-100)
if good if bad

Insert first subsegment into segment 1WO (J65)
Locate next symbol of list expression 1Wl (J60)

Test if connective (P7)
if yes if no —————— Insert dummy (/14) character (J63) ————————

Create second subsegment (9-100)
if good if bad 1

Insert second subsegment into segment 1W0 (J65)
Locate next symbol of list expression 1Wl (J60)

Test if closing paren (J2)
if yes if no —— Insert dummy (/14) character (J63)

J
r
Output good created segment 1W0 Erase useless segment (J72)

Clear setup (J30) and quit + Clear setup (J30) and quit -

Fig. 34--Create Next Segment frow List Expression
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expression represents a tree structure, P52 uses a re-
cursive subprocess (9-100) to translate the list expres-
sion into its corresponding main expression.
If the list expression is faulty, P52 inserts a dummy
character symbol (/14) into the list expression. When
the bad list expression is printed by M88, the dummy
character appears at the place where trouble was detected.
The remaining lower-level "P'" and "Q" routines are
relatively trivial and can be studied directly from the

code.
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X. INPUT-OUTPUT ROUTINES

The input-output routines deal directly with print
line primitives (J150's) and read line primitives (J180's).
As mentioned in the preceding section, expressions
may be put into LT by loading them with J165 or by reading
them with M89. J165 can load tree form expressions or
list form expressions, while M89 can read Hollerith
records with the following format:
Beginning in column 1: Any number of
blanks (including none); followed by a
regional symbol expression name; followed
by at least 1 blank; followed by an ex-
pression string (enclosed in parentheses
with no imbedded blanks); followed by at
least 1 blank; followed by an optimal

suffix (up to 5 characters); followed by at
least 1 blank.

Example: %1,01 ((AIB).=.(-AVB)) DEF.

M89 (Fig. 35) reads one record from unit 1W18 and
then scans it in read line buffer 1W24, using the read
line primitives. 1If the record is an End-of-File (E-O-F)
or is totally blank, M89 quits with no output and sets
H5-. TIf the record is faulty in some obvious respects,
it is skipped and the next record from read unit 1W1l8
is tried. This procedure continues until an acceptable
expression is found or an empty record (or an E-O-F) is
found.

» In the first part of the scan procedure, the name of
" the expression is located and checked to see if it is a
regional symbol other than a standard character symbol.

This is tested with J130 and P18. If the name is okay,
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the main expression string is located and used to build
a list form expression of variables, connectives, and
'parentheses. If a suffix can be found, it is assigned
as the data term value of Q18 on the list expressions'
description list.

M88 is the only other input-output routine that
deals with list form expressions. It is used to print
expressions that fail in the conversion process.

Routines M70-M82 are used to print various tree form
expressions on unit 1Wl9. (See the vocabulary, Sec. XIV,
for a list of these routines.) M73 is the central routine
in this group because it is used by other routines to
enter tree form expressions in the print line buffer.

M73 works recursively to build a character string in the
print line from a tree form expression. The process is
similar to, but opposite from, that of P52. 1If M73 gets
in trouble, it enters the external name of /14 to indicate
where the expression is faulty and then continues to

enter the rest of the given expression.

M71, which prints whole proof sequences, uses the
derivation information associated with each problem
(attributes Q10 through Ql4) to trace out the successful
sequence.

Two other output routines are worth mentioning. M76
is a simple routine which enters data term 'text lists'" by

generating from them for subprocess J157.

| M79 is more sophisticated. It can be used to enter
the name of anything. First it tries to enter the
external name (Q7); if it cannot, it tries to enter the

problem number (Q8); if neither can be found, it enters
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Begin M89 [Read next logic expression]
Define context (preserve WO, W25, W30)
~—=Clear buffer 1W24 (J154)

Fill buffer from 1W18 (J180)

if O.K.-~l if end-of-file ——— Clear context s

quit -

Create column counter (J120)

Locate first character of expression name (J184)

if 0.X. if none = (Clear context s

quit -

Set extent data term (J183)
if N.G. if 0.K.—y

Reset for next (9-2)
Y

Find name of expression (J181)

\
Test if name is 0.K. (J130, P18)
if N.G. if 0.K.—

Reset for next (9-4)

A, l "
Set data term to external name (J182)

Assign external name as value of Q7 (J11)

]
Locate first of expression (J184)
f if none if located - (9-3

Reset for next (9-5)

L J

Fig. 35--Read Next Logic Expression
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9-3 —Find next character symbol (J186)
if O.K.—l if none ————

Replace character symbol if
necessary (P19)

Add at end of list form
expression (J65)

J

Locate first of suffix, if any (J184)
if none — if located—

\
Determine extent (J183)
if none — if O0.K.

/

Create prototype data term (J120)

Set prototype to suffix (J182)

Assign suffix as value of Ql8 (J11)

}
Adjust for extra symbol in HO

.

Set H5+ (J4)

Erase column data term (J9)

9-1 = Erase extent data term (J9)

9-0 = Restore W25, W30, and WO (J30)

Quit with H5+ or -

Fig. 35--(Continued)
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the given symbol with J156 which enters it in regional
or internal form.

The remaining input-output routines are fairly simple
examples of how to use the print line primitives. The

student should be able to decipher them on his own.
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XI. RUN EXECUTIVES AND DEBUGGING ROUTINES

There are two run executives. The first is X9 which
creates a restart tape holding the main body of LT's
routines and data. X9 terminates with J165 to facilitate
loading of additional data and/or routines at run time.

The second run executive is X1. It is the highest-
level executive for a theorem-proving run. After initial-
izing some debugging devices, which will be discussed
later, X1 reads a set of true expressions for the run
converting each expression to tree form and adding it to
the map of true expressions. The set of true expressions
immediately follows the start card for X1 and ends with
the first totally blank card. Any expression that fails
in its conversion step (P50) is omitted from the expression
set and is printed with M88 to report the difficulty.

Next, X1 reads a set of problem expressions. The
problems are converted to tree form and added to the list
of unproved expressions (L3). Upon encountering the end
of the problem set, X1 links to multiple problem executive
M2 which feeds the problems, one at a time, to the single
problem executive M1 (Fig. 1).

Executive M2 tries for proofs under two different
conditions. If K30 holds "RO," proved theorems are to be
added to the set of true expressions, thus retaining results
~of past efforts for future application.Jr If K30 does not
‘hold '""RO'"', proved theorems are to be forgotten and each

‘new problem is to be started from scratch.

TSee Ref. 12,
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This procedure for remembering is not the only pos-
sible one. Each subproblem in a successful proof sequence
' is a true theorem in its own right and could be added
to the set of true expressions. Modification of LT to
incorporate this other kind of remembering might make a
good student project. Many experiments might be designed
around this part of LT.

Symbols X10 through X19 are used for debugging
routines, and X20 through X29 are used for debugging
lists.

When X10 is used as the trap value of attribute H3
on the description list of W26, X10 will be executed when
the cycle count in H3 becomes equal to W33. X10 sets 1W3l
to full trace mode (1W3l1 = 1) and forces a monitor point
with X19 to invoke the change immediately. The trace
mode invoked by X10 can be revoked by executing X11 which
pops W3l if it has been pushed down and executes X19 to
make the change effective immediately.

X10 and X11 are useful when a full trace is desired
of a small part of the program that is executed only after
a considerable running time. By initially setting W33
to the desired value, the program can run in no-trace mode
until W33 equals H3 and then full trace can be invoked
for a short time, after which it can again be revoked.

Other similar routines can be designed to meet special
needs when they arise. It is difficult to anticipate
~exactly what will prove useful in all situations.

Routine X13 is used to '"'snap" (0) at monitor points
by loading X13 into W12 and W13. There is some danger

in using J150 this way because (0) is not always guaranteed
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to be a proper list structure. For example, (0) is some-
times a generator subprocess.

Routine X14 is used to obtain a restart tape on an
operator signal from the computer console by loading X14
into Wl4. X14 uses the fact that J166 sets H5+ and the
restart mechanism sets H5- in order to stop with a post
mortem if just saved or to go on with the program if re-
starting.

Routine X15 is used to extend the post mortem by
loading X15 into W15. The listing in Sec. XV shows that
X15 is a simple routine to print L4 (the map of all true
expressions).

Routine X19, as mentioned in connection with X10 and
X11l, is used to force a monitor point in order to make
changes in trace mode effective immediately.

The debugging lists (X21-X23) are used by X1 to mark
routines for tracing and to set up the trap attribute-
value pairs of W26. The technique of marking routines
to trace from a given list is simple but effective. The
other way to mark for trace is to reload the whole routine
with a trace mark (Q = 3 or 4) in its head.

The above mentioned debugging aids were the only
ones used to check out the program. Other more sophis-
ticated tools might be designed, but LT's bugs have not

required them.
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XII. A SAMPLE RUN

This section includes a listing of an input deck for

a run and a listing of the resultant output.

INPUT DECK

The input deck includes a modified routine, a modi-
fied data structure, and a collection of run parameters
and lists. Of particular interest are L6 and L7 which
control the order of application of the methods. This
run has relatively low limits (K20-K22) and calls for
printing of rejected problems (K3l) and remembering proved
problems (K30).

Following the KICK OFF FOR PROVING THEOREMS are
three sets of logic expressions. The first set is to be
used as true expressions and includes definitions and
axioms. Definition *2.33 will fail in conversion because
LT cannot handle expressions such as (PVQVR). The second
set contains the theorems to be proved (problems) in this
run. The third set will be ignored because it follows
the second blank card. It was placed here in order to
include in this Memorandum all other theorems from *2,

*3, %4, and *5 of Principia Mathematica.
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JOB 8166+ LTNEW1sEASB2635MINs0sC99,C
ASSIGN A6=5YSARZ
ASSIGN B6=SYSARS
IPL
LOGIC THEORIST TEEST
RELOAD FROM TAPE 2
MODIFIED ROUTINES

[aadACLIRG RV 0]

Q17 FIND LEVEL OF SUBSEGMENT Q17
REPLACEMENT IN TEX (0)e

FIND CURRENT LEVELS
IF NONE,

FIND NUMBER OF LEVELS:»
I1F NONEs QUIT =-o

COPY»

SAVE ONE FOR OUTPUT s

AND ASSIGN AS CURRENT LEVEL.

STEFFERUD

00

40W0
60WC
10Q17
J10
70 J30
11w0
Q2
70J30
J12C
40H0
11wWC
Jé
10Q17
30WC Ji1

R

R
QO17R0O0QC
QC17R010
Q017R020
Q017R030
QOC17R040
QO017RO5C
QC17R060
QO17RC6ES
QC17RQ70
Q017R080
Q017R090
LO017R10C
QC17R110
QO017R120



MODIFIED DATA
/16 DUMMY EXPRESSION --
'DEFINITICONS W

EXTERNAL NAME

CONNECTIVE 1.
DUMMY VARIABLE *'DEFIN',
EXTERNAL NAME.
DUMMY VARIABLE *TIONS'.

EXTERNAL NAME.

RUN DATA HEADER

LIMIT ON NUMBER OF SUBRROBLEMS
LIMIT ON NUMBER COF SUBSTITUTIONS
LIMIT ON EFFORT

R= ADD PROVED THEQOREMS TO THEOREMS
Yy = PRINT REJECTED SUBPROBLEMS.

L6 LIST OF METHODS FOR CRIG PROBS

£7 LIST OF METHODS FOR PROBLEMS.
REPLACEMENT .
DETACHMENT »
FORWARD CHAINING.,
BACKWARD CHAINING.
W12 SET=-UP ENTRY SNAP ACTION.
W13 SET-UP EXIT SNAP ACTICN.

DESCRIPTION LIST OF TRAP ACTICNS.
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/16

K20
K21
K22
K3n
K21
L6

L7

wlz
W13
W15
x21
X22
X23

+ + +

01

21
10
S-10
9~20

0

Q5
G5
Qo
Q9
Q7

21DEFIN

0

Qas
Q5
Q9
Q9

a7

21TIONS
C1

— e

20
YES

M16
M17
M13
M11
Ml4
M1S
X13

X13
X15%

0

o

[oNeoNel

50
50
0000

D
/0160000
/0160010
/0160020
/0160030
/016D040
/0160050
/0160060
/016D070

, /016D080

/0160090
/0160100
/0160110
/0160120
/70160130
/0160140
/016D150
/016D160
/0160170
/0160180C
/0160190
/016D200
/70160210
/0160220
/0160230
/0160240
/0160250
/0160260
/0160270
/0160280

D -
K02GD00O
K0210000
K0o220002¢C
K030D0C0o
KQ0310000
LO06DQ0C
LoosDo10C
L006DC2C
L007D000
Loo7DC10
LOCT7D010
LOQ7D010
L0070010
w0120000
WC13D000
w0150000
X021DC00
X022D000
X023D000
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KICK OFF FOR PROVING THEOREMS. 5 X1
*I.Ol ((PIO)O=1(-PVO)) DEF.
%2633 ((PVAQVR)e=e { (PVQ)VR)) DEF.
*¥3,01 ((p*Q)o:c‘("PV~Q)) DEF e
¥4401 ((P=Q)e=e((PIQ)*(QIP))) DEF.

*1e2 ((AVA)IA)

*1e3 (BI{AVB))

¥le {(AVB)YI(BVA))

#*1e5 { (AVIBVCY)YTIBVAVCY))
¥1e6 ((BICOYI((AVEYI(AVO)))

#2.01 ((PI-P)I-P)

#2402 (QI(PIQ)Y)

%2403 ((PI-Q)I(QI-P))

¥2404 ((PI(QIRNI(QI(PIRY))
*¥2405 ((QIRYI((PIGYI(PIRY )
*¥2406 ((PIQTL(QIRYTU(PIRY M)

¥24C7 (PLIPVPY)
*2408 (PIP)
#2410 (-PVP)
#2411 (PV-P)
¥2e12 (PI--P)
¥2413 (PV——=P)

*2e14 (-=P1P)
*¥2e415 ((=PIQ)YI(-QIP))

*2e20 (PIIPVQYNY
¥Ze21 (=PIPICH)
*¥2e24 (PI(-PIQMN

¥3413 (= (PXG) I (~-PV=-QG))
*¥3e14 ((~PV=Q)I=-(P%Q))
#3624 - (P¥*=-pP)

¥4e13 (P=—-P)

¥4420 (P=P)

*¥4624 (P=(PxP))

*¥4e25 (P=(PVP))

*¥3,02 ((PIQIR)Ye=el(PIQY*¥(QIR))) DEF «
Y402 ({P=C=R)e=e ((P=Q)¥(Q=R))) DEF.
*¥4 434 ((P*G*R)o=o((p*g)*R)) DEF »
¥2e16 ((PICYI(-QI-P))

*¥2e17 ({-Q1-PYyI(PIQ))

¥2.18 ((=PIP)YIP)

%2625 {(PVIIPVQ)YIG))

%2426 (=PV((PIQ)IQ))

#2627 (PIC(PIQ)YIQ))

%2430 {(PV{QVRI)I(PV(RVG)))

%#2e31 ((PV(IQVRY)YI((PVQ)IVR))

*¥2e32 (({PVQIVR)I(PV(QVR)))

¥2e36 {(QIRYIC(PVQ)I(RVP)))

*2637 ((QIR)I((QVP)II(PVR)}))

%2438 ((SIRYICLQVP)YIIRVPY )



#2e40C
*¥2 441
#2642
*2el3
#2645
¥2446
*2-47
*#2e48
®2449
*2-5;J
%2651
#2452
*¥2521
X253
#2654
*¥2455
#2656
®¥2460
*¥2461
%2662
%2621
¥2e63
#2064
#2465
#2467
%2468
*¥24665
*¥2e73
*¥2e 74
*¥2475
*¥2476
*¥2e 77
*2480
¥2481
#2482
#2873
¥2485
%2686
#3410
#¥3,11
%2412
*3,20
#3421
*¥3622
%3426
*3627
¥3,30
*¥3.31
#3433
*3434
#2435

-74-

t(PV(PVQ)I)TIPVQY)
((QVIPVQR)Y)YTIPVQ))
{({(-PV(PIQIYI(PIQ))
((PI(PIQ)YI(PIQ))
(-(PVQ)YI-P)
(-(PVYI-Q)
(-{PVQ)T(-PVQ))
(-{PVQ)T(PV-U))
(-(PVQYI(-PV-Q))
(-(PIQ)I(~PIQ))
(=(PIQYI(PI=-Q))
(-{PIQ)I(-PI-Q))
(—={PIQI(QIPY)
((PVG)IT(=-PIQ))
((=-PIQ)1(PVQ))
(=PI ((PVQ)YIQ))
(-QIC(PVA)YIP))
({=PIQYITU(PIQIIGY)
((PIQYI((=-PIG)YIQY)
{((PVOYT((RPIQYIQ))
((PIGYIL(PVQYTIQ)Y)
((PVQ)YI{(=-PVQ)IQ))
((PVQITLIPV-WYIP)Y)
((PIYT(PI-WMI=-P))
(LPVQYTIGHYT(PIQY)

(((PIQYIG T(PVQY))
(((PIQYIGYILLQIPYIPY)
((PIQYIC(PVAQVRIT(GQVR) )
((QIPYI((PVAVR)II(PVR) )
((PVGYTU(PVIGIRIII(PVR) Y ).
{((PVIQIR)I)YI(IPVC)III(PVR)))
((PI(QIRMIU(PIQII(PIRY))
((QVRYT((=RVS)HIT(QVS) )
((QTIRISIITU(PVQYTLIPVRYT(PYSY )Y
({PVQVRIT((PV=RVS)I{PVAVS)))
((PI(QIRVIIPI(RIS)Y)II(PIIGIS))))
(CCPVS)YTIPVR))YTIPVIQIR) )
(((PICHII(PIRIIT(PI(QIR)))
((P¥Q)I-(-PV=-Q))

(= (=PV-Q)T(P*Q))

((-PV-Q)VI(P%Q))

(PI{QI(P%Q)))

(QICPT(P*Q) )

((P¥Q)T(U%P))

((P*XQ)YIP)

((P*Q)IQ)

(((P*Q)IRYI(PI(GQIRY)))
((PILQIRYIILUP*Q)IR))
(((PIQ)#{(QIRY)II(PIR))
{(({QIRY*{PIG))I(PIRY)
L(P*(PIQ)YIQ)

>



*%e37
*3 640
*2ekl
*3e42
*3443
*3e44
*¥3e445
*¥3447
#3448
*4410
*4e11
*Lell
*h4oell
%4415
#4621
44022
¥4430
¥4431
%4632
*¥4e33
%4436
#4e37
*4438
#4429
%4 ol
¥haebl
YA
¥he43
¥4l h
%4445
¥4450
*4.51
*4eB2
*¥4e53
%4454
¥4 455
#4456
*4057
¥4 460
¥hebl
#4462
#4463
¥4 464
* 4465
*4466
*hebT
#4470
¥4e71
¥4472
¥LaT3
*bhoTh
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(((P*Q)YIR)IL(P*¥=-RYI-G))
((PXQ)T(PIG))
((PIRYI((PXQ)IR))
((GIR)TEL(P*Q)IRY)
(({(PIQY*(PIRYV)YI{(PI(Q®*R) )
(((QIRY*(RIPY)YI((QVR)YIP))
((PIQYIL(P#R)YTI(Q*R)))
({(PIRI*(GISIYI((P*¥Q)YI(R¥*¥5)))
(((PIRY*(QISY)I((PVQYI(RVS)Y))
((PIG)Y=(=-QI-P))
({P=Q)={(=-P==0Q))
((P==2)=(Q2=-P))
(((P*¥Q)YIR)=((P*-R)I-Q))
(({P*Q)I-RI=((2*¥R)I~-P))
((P=Q)=(Q=P))
(({P=Q)*(Q=R))YI(P=R})
((P*Q)=(Q%P))
({(PVQ)Y=(QVP))
(((PH*Q)#R)=(P*¥(Q¥R}))
(((PVQIVR)I={(PVIQVR) )
((P=Q)IT{{P*¥R}=(Q*R)))
((P=Q)T((PVR)=(QVR) )
(((P=R)Y*{Q2=S))I((P*¥Q)=(R%*5))
(({P=RY*(Q=S))1((PVG)=(RVS5))
({(PX{QVRY)=((P*QIV(P*R)))
((PVI(Q¥R)Y ) =((PVQ)I®(PVR)))
(P=((P*Q)yVIP%=Q)))
(P=((PVQ)Y*(PV~-Q) )}
(P={(PV(P%Q)))
(P=(Px{PVQ)))
({P¥Q)==(~PV=Q)}
(—(P*¥Q)y={-PV-Q))
((P*¥=-Q)=—(~-PVG) )
(= (P%*=C)==(PVQ))
((-P*¥Q)=—{(PV-Q))
(= (~P*Q)=(PV~-Q1))
((=P*-Q)==(PVQE))
(= (=Px-Q)=(PVQ))
({PIPy=(~-PVQ))
(~{PIQ)y=(P*¥=Q}))
({(PI-G)=(=-PV-=Q))
(= {(PI=-Q)=(P*Q))
((-PIQ)y=(PVQ))
(~(=PIQ)y=(~-P%~Q}))
((-Px~Qy=(PV-=Q))
(~(-PI-Q)y={(-P*Q))
((P1Q)y=(PI1({P*Q)))
((PIG)Y=(P=(P*Q)))
((PIQ)Yy=(Q=(PVQ)))
(QIIP=(P*Q)))
{(-PI(Q=(PVQ)))

)
)



#*4e 76
*4eTT7
*4e78
4o 19
*4480
*4481
*4482
*4483
¥4 e34
%4485
¥4 486
¥4 487
%5430
*¥5e631
*¥5432
*¥543%
*5435
*¥5436
*5'49
X5441]
%5442
#5044
*¥E,50
¥5501
%5453
*¥5454
*¥54855
*5460
%5461
%5462
*¥5463
*¥5473
*¥5471
*¥Se74

¥5475
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{(((PIQ)*{(PIR)Yy=(PI(Q%*R))
((EQIP)*(RIP))=((QVR)IP)
(({PIQIYV(PIR})=(PI(QAVR))
{(IQIP)VIRIPY)Y=((Q*R)IP)
((PI-P)=-P)

({(-PIP)=P)
(((PIQ)Y*(PI-Q1)==-P)
(((PIQ)®(=-PIQ))=Q)
{((P=0)I((PIR)=(QIR}}))
((P=Q)I({RIP)=(RIQ)))
((P=Q)I((P=R)=(Q=R)}))
{((PXQ)IR)Y=(PI(QIR)I=(GI(PIR)=(Q*P)IR})
(

(

(

{

— o e

((P*GQ)IR)Y=((P*Q) 1 (P¥*R)}))
((R¥PHYIQYI(RI(A®RI N
(PL{G=R))=((P%Q)=(P*¥R)))
(P*¥(QIRY)=(P*{(P*G)YIR)))
((PIQ)*(PIRYII(PI(Q=R)))
{(P*(P=Q))=(Q*(P=Q)))
({PI(FPIG)=(PIQ)N)
(L(PIQ)YI(PIR))=(PI(QIRY))
((PI(QIRY)=(FI(QI{(P%R))))
((PIQ)I({PIR)=(PI(G¥R))))
(PIC(PIQI=0))
(PI{S=(P=Q)))
(L{PVQVR)IISI=((PISY*(QISY*(RIS)))
(({P*Q) =P V(P%Q)=Q))
(CPVQ)Y=P)IVIIPVQ)I=Q))
({({(P*¥~Q)IR)=(PI(QVR)))
((PVQYyx=0) =(P#-0Q) )
(((P*¥Q)V-Q)=(PV~-Q))
((PVQ)=(PV(=P*Q)))
(LIPVR)={QVRII=(RVIP=Q)))
((QI-RHITLL(PVQI*R)Y=(P*®R) }))
((P1(Q=R)1I=((PIQ)=(PIR)}
(((RI=-GY#¥(P=(QVRI))T{(P%¥=-Q)=R))
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OUTPUT

The output from the sample run shows that the run
commences from a restart. After the loader listings, the
true expressions and problems for the run are listed. Note
‘that *2.33 failed and that all true expressions have had
their bound variable replaced by free variables.

Next come the proof printouts. First the problem
is printed, then the subproblems are printed in the order
of generation. Then, if a proof is found, it is printed
along with a statement of effort applied. Finally, each
proved theorem that is remembered is printed as it
appears with its bound variables replaced.

At the end of the run, an IPL-V post mortem printout
appears with a printout of the true expressions map as
it appeared at the conclusion of the run. At the end
of this sample run the map uses approximately 500 cells
and holds approximately 30 expressions, which is about
17 cells per expression. With more expressions in the

map, it becomes considerably more efficient.
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JOB BLE8, LINEW]L s£ASB26,5MIN,0,099,C STEFFERUD 1 003650 06/05/63
ASSIGN A6=5YSARZ2

ASSIGN B&=SYSAR3
IPL

LOGIC THEORIST TEST 9

RELUAD FROM TAPE 2 5 4 2

MEMDRY RELOADED FROM  TAPE A6. 3956 0 C Jl66 J165



671

3976
3975
3977
3978
3979
3980
3981
3982
3983
3984
3985
3986
3987

MODIFIED ROUTINES

WrtOmpONO ™ OO
COOmOOOO=OOQCOD

24587
24587
671
24770
3979
24587
656
24790
24880
24574
24587
24766
671
24587

3976
3975
3977
3978
24790
3980
3981
3982
3983
3984
3985
3986
3987
24771

Q17

[l o} D R . N ]
-0 [=] -0 (=N =N -]

W o

oo
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o]0}

Wo
wo
Q17
J10
J30
WO

J30
Ji20

WO
Jo
Q17
wo J1l

R

R
Q17 FIND LEVEL OF SUBSEGMENT
REPLACEMENT IN TEX (0).

FIND CURRENT LEVEL.
IF NONE,

FIND NUMBER OF LEVELS,
IF NONE, QUIT -.

CoPY,

SAVE ONE FOR OUTPUT,

AND ASSIGN AS CURRENT LEVEL.

QO017R000
QO1l7RO10
QO17R020
QO17R030
Q017R040
QO17R050
QO17R060
QO17R065
QO17RO70
QOL17R0O80
QO017R090
QO017R100
QO17R110
QO0Ll7R120
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MODIFIED DATA 5 01 D
1540 0 2 3989 3988 /16 9-1 /16 DUMMY EXPRESSION -- /016L000
3988 0 2 3990 O 9-2 0 *DEFINITIOUNS'. /016001C
3989 040 3991 9-1 0o /70160020
3991 0 0 669 3992 Ql5 /016C030
3992 0 0 669 3993 Qis /0160040
3993 0 0 661 3994 Q7 /0160050
3994 0 2 3995 O 0 /0160060
3995 21 21 EXTERNAL NAME /016L070
3990 0 0 134 3996 9-2 10 CONNECTIVE *I°, /C016C08C
3996 0 2 3998 3997 9-10 /7016D09C
3997 02 3999 O 9-20 O /0160100
3998 0 2 4000 O 9-10 0 DUMMY VARIABLE *DEFIN'., /0160110
4000 C 40 4001 0 /G16D120
4001 0 0 659 40C2 Q5 /C160130
4002 0 0 659 4003 Qs 70160140
4093 0 0 663 4004 Q9 /0161150
4004 0 0 663 4005 Qs /C16C160
4005 0 0 661 4006 Q7 /016L170
4006 0 2 4007 O 0 /0160180
4307 21 DEFIN 2 1 DEFIN EXTERNAL NAME. /016D190
3999 0 2 4008 O 9-20 0 DUMMY VARIABLE *TIONS'. /7C160200
4QC8 040 ©009 0 /G16D210
40C9 0 0 659 4010 Q5 /0160220
4310 0 0 659 4011 Q5 /0160230
4Jl1 0 0 663 4012 Q9 /016D240
4012 0 0 663 4G13 Q9 /0160250
4013 0 0 661 4014 Q7 /C160260
4Cla 0 2 4C15 O [¢] /01602170
4015 21 TIONS 2 1L TIONS EXTERNAL NAME. /70160280



RUN DATA HEADER 5
164 01 50 K20 +
165 01 50 K21 +
166 01 200000 K22 +
174 0 0 704 o} K30
175 0 0 834 0 K31
250 040 4016 Lé
4016 0 0 310 4017
4017 0 0 311 o}
251 040 4018 L7
4C18 0 0 307 4019
4019 0 0 305 4020
4020 0 0 308 4021
4021 0 0 309 ¢
24599 0 0 797 0 W12
24600 0 0 797 0 W13
24602 0 0 799 0 W15
805 ¢ 40 0 X21
806 040 0 x22
807 040 [o] X23
KICK OFF FOR PROVING THEOREMS. 5

END OF LOADING. PROGRAM STARTS AT X1

NUMBER OF CELLS ON AVAILABLE SPACE=17978

R

YES
Mlée
ML7

M13
M11
Ml4
M15
X13
X13
X15

11
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ol

D -_
50 LIMIT ON NUMBER OF SUBRROBLEMS
50 LIMIT ON NUMBER OF SUBSTITUTIONS

20 0000 LIMIT ON EFFORT

[s X Ne]

X1

W26

R= ADD PROVED THEOREMS TO THEOREMS
Y = PRINT REJECTED SUBPROBLEMS.
L6 LIST OF METHODS FOR DRIG PROAS

L7 LIST OF METHODS FOR PROBLEMS.
REPLACEMENT,
DETACHMENT.
FORWARD CHAINING.
BACKWARD CHAINING.
W12 SET-UP FNTRY SNAP ACTION.
W13 SET-UP EXIT SNAP ACTION.

DESCRIPTION LIST OF TRAP ACTIONS.

3921

K020D00U
KGZ21C000
KG220000
K030D000
KO31P00G
L0060D000
L0060010
LO06D020
LOO7C000
LOQ70010
LO070010
LOO7D010
Lo07CO10
wW0120000
wW0130000
WO15n000
X021100C
X0220000
X023D000



#1.01
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(AIB).=.{~AVB) DEF.

BAD EXPRESSION {{PVQ/UGH/VR )} .= ((PVQ)IVR))

#3.01
#4.01
1.2
®l.3
*l.4
#1.5
®l.b

*2.01
*2.02
#2.,03
*2.04
*#2.05
«2.06
*2.07
=2.08
#2.10
#2.11
#2.12
*2.13
*2.14
*2.15
#2,20
*2.21
2,24
*3.13
23,14
®#3.24
®4.13
*4.20
#4,24
#4.25

(AeB},=,(-(-AV-B)) DEF.
(A=B).=.((AIB}*(BEA)) DEF.
(AVA) 1A

BI(AVE)

(AVB)1(BVA)
{AVIBVC))T{BV(AVC))
(BIC)YI((AVBII(AVC))

{(PI-P)I-P

QI(PICQ)
(PI-Q}1(QI-P)
(PI{QIR))I(QI(PIR))
(QIRYI((PIQII(PIR))
(PIQ)I{{QIR}I(PIRY})
PI(PVP)

PIP

-PVP

pPV-p

Pl--P

PY-=-P

--PIP

(-PIC)I(-QLIP)
PI(PVQ)

-PI{PICQ)

PI(-PIQ)
(-(PeQ)}I{=-PV-Q)
(-PV-Q) L {~-(P=Q))
-(Ps-P}

p=--p

p=p

P={P«P)

P=(PVP)
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TQ PROVE
+2.01 (PI-PLI-P
l. (-PV-P}I-P s+ SUBLEVEL REPLACEMENT

PROOF FOUND.

GIVEN sl1.2 (AVA) 1A
SUBSTITUTION 1. (-pv-P)I-P
GIVEN DEFINITIONS
SUBLEVEL REPLACEMENT €2.01 (PI-P)I-P
Q.E.D.
EFFORT LIMIT 200000 ACTUAL 8062
SUBPROBLEMS LIMIT SO ACTUAL 1
SUBSTITUTIONS LIMIT 50 ACTUAL 2

REMEMBER PROVED THEOREM

+2.01 (AI-A)I-A



TO PROVE
2,02

QI(PIQ)
l.

PROOF FOUND.

QI{-PVQ)

TUTION

SUBLEVEL REPLACEMENT

GIVEN
SUBSTI
GIVEN
QeEo.D.
EFFORT
SUBPROBLEMS
SUBSTITUTIONS

LIMIT 200000
LIMIT 50
LIMIT 50

REMEMBER PROVED THEOREM

®2.02

AL(BIA)

-84 -

¢ SUBLEVEL REPLACEMENT

*l.3 BI(AVE)

1. QI{-PvQ)}
DEFINITIONS

2,02 QIIPIQ)

ACTUAL 6041
ACTUAL 1
ACTUAL 2



70 PROVE
*«2.03 (PI-Q)1{QI-P)
1. (-PV=-Q}I{-QV-P)

PROOF FOUND.

GIVEN

SUBSTITUTION

GIVEN

SUBLEVEL REPLACEMENT

C.EeD.
EFFORT LIMIT 200000
SUBPROBLEMS LIMIT 50
SUBSTITUTIONS LIMIT 50

REMEMBER PROVED THEOREM

#2.03 (AI-B)I(BI-A)
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s+ SUBLEVEL REPLACEMENT

sl.4 (AVB)I(BVA}

l. (=PV-Q) I {-QV-P}
DEFINITIONS

«2.03 (PI-Q)I(QI-P)

ACTUAL 11904
ACTUAL 1
ACTUAL 2



TO PROVE
22,04

(PI(QIRIII(QI(PIR))
1. (PI{-QVR))L(QI(=-PVR)])
2. (-PVIQIR))I(-QV(PIR))
3. (=PV(=-QVR}} I(-QV(-PVR})

PROOF FOUND.
GIVEN
SUBSTITUTION
GIVEN
SUBLEVEL REPLACEMENT
Q.E.D.
EFFORT LIMIT 200000
SUBPROBLEMS LIMIT 50
SUBSTITUTIONS LIMIT 50

REMEMBER PROVED THEOREM

2,04

(AL(BICYI{BILAICY))
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s+ SUBLEVEL REPLACEMENT
¢+ SUBLEVEL REPLACEMENT
s+ SUBLEVEL REPLACEMENT

s1.5 (AVIBVC) ) I(BV{AVC))

3. (-PV(~QVR})1(~-QV(-PVR})
DEFINITIONS

*2.04 (PI(QIRY)II(QI(PIR))

ACTUAL 32262
ACTUAL 3
ACTUAL 4



TC PROVE
#2.05 (QIRVIUIPIQ)I(PIR))

l. (QIR)I(L-PVQ}I(-PVR})

PROOF FOUND.

GIVEN

SUBSTITUTION

GIVEN

SUBLEVEL REPLACEMENT

Q.E.D.
EFFORT LIMIT 200000
SUBPROBLEMS LIMIT S0
SUBSTITUTIONS LIMIT 50

REMEMBER PROVED THEOUREM

#2.05 (AIBYIC((CTIAYI(CIB))
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» SUBLEVEL REPLACEMENT

®l.6 (BIC)I{(AVB)I{AVC))

l. (QIRII({~PVQ)I(-PVR))
DEFINITIUNS

*2.05 (QIRIT((PIQIT(PIR))

ACTUAL 13440
ACTUAL 1
ACTUAL 2
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TC PROVE

82.06 (PIQVTU(QIRII(PIRY)
l. (PIQ)I{{-QVRIL(-PVR))} » SUBLEVEL REPLACEMENT
2. (=PVQII{{-(QIR)IVIPIRY)) s SUBLLVEL REPLACEMENT
3. (=PVQII(({~(=QVR) }IV{~-PVR)) o SUBLEVEL REPLACEMENT
4. (=(PIQ)IVI(QIRII(PIR)) #1.01, REPLACEMENT
5. (QIRYIC(PIQIT(PIRY)) ®2.04y DETACHMENT

PRDOF FOUND.

GIVEN #2.05 targyrfcrarr(cied)
SUBSTITUTION 5. (QIRVI((PIQIL(PIRY})
GIVEN #2.04 (AT{BIC)I)YI(BL(AICH)
CETACHMENT ©2.06 (PIQVI((QIRMI(PIRY)
Q.E.D.

EFFORT LIMIT 200000 ACTUAL 46665

SUBPROBLEMS LIMIT SO ACTUAL §

SUBSTITUTIONS LIMIT 50 ACTUAL 6

REMEMBER PROVED THEOREM

#2.06 (AIBYEU(BICII(ALICY)



TO PROVE
*2.07 PIIPVP)

PROOF FOUND.

GIVEN

SUBSTITUTION

Q.E.D.
EFFORT LIMIT 200000
SUBPROBLEMS LIMIT 50
SUBSTITUTIONS LIMIT 50

REMEMBER PROVED THEOREM

*2.07 Al (AVA)
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®l.3 BI1(AVB)
©2,07 PI(PVP)

ACTUAL 2623
ACTUAL O
ACTUAL 1



TC PROVE
€«2.08

PIP

1. -PvP

5088 P

5193 (PIP)VIPIP)
2. (PVPYIP

PROCF FOUND.

EFFORT LIMIT 200000
SUBPROBLEMS LIMIT 50
SUBSTITUTIONS LIMIT 50

GIVEN
SUBSTITUTION
GIVEN

FORWARD CHAINING
G.E.D.

REMEMBER PROVED THEQREM

#2.08 AlA

-90-

#1.01, REPLACEMENT

«2,.02, DETACHMENT. REJECTED PROBLEM
#1.2, DETACHMENT. REJECTED PROBLEM
#2.07, FORWARD CHAINING

®l.2 (AVA)IA
2. (PVP) [P
#2.07 AI(AVA)
$2.08 PIP

ACTUAL 8998
ACTUAL 2
ACTuAL 3



TO PROVE
*2.10 -PvP
1. pIpP

PROGF FOUND.

GIVEN

SUBSTITUTION

GIVEN

REPLACEMENT

Q.E.D.
EFFORT LIMIT 200000
SUBPROUBLEMS LIMIT 50
SUBSTITUTIONS LIMIT 50

REMEMBER PROVED THEOREM

*2.10 -AVA
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#1.0ly REPLACEMENT

*2.08 AlA
1. PIP
*1.01 (AIB).=.(-AVB) DEF.
«2.10 -pvpP

ACTUAL 5150
ACTUAL 1
ACTYUAL 2



T0 PROVE
2,11 PV-p
1. -PVP

PROOF FOUND.

GIVEN

SUBSTITUTION

GIVEN

DETACHMENT

Q.E.D.
EFFORT LIMIT 200000
SUBPROBLEMS LIMIT 50
SUBSTITUTIONS LIMIT 50

REMEVMBER PROVED THEOREM

«2.11 AV-A
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®#1l.49 DETACHMENT

®2.10 ~AVA
l. -pve
sl.64 (AVB)I(BVA)
*2.11 pV-p

ACTUAL 6190
ACTUAL 1
ACTUAL 2
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T0 PROVE
*2.12  PI--P
1.  ~Py==P *1.01, REPLACEMENT

PROGF FOUND.

GIVEN €2.11 AV-A
SUBSTITUTION . -PV=--P
GIVEN *1.01 (AIB).=.(-AVB) DEF.
REPLACEMENT 2,12 PI--P
Q.E.D.
EFFORT LIMIT 200000 ACTUAL 8215
SUBPRUBLEMS LIMIT 50 ACTUAL 1
SUBSTITUTIONS LIMIT S0 ACTUAL 2

REMEMBER PROVED THEUREM

#2.12 Al-=A



TO PROVE
*2.13 PV~=~~P
l. ---PVP
5062 —-==P
5304 PV~—-P
5199 (PV===P)V(PV-==P)
2. =-Pl===P

PROOF FOUND.

GIVEN

SUBSTITUTION

GIVEN

FORWARD CHAINING

QeE.D.
EFFORT LIMIT 200000
SUBPROBLEMS LIMIT 50
SUBSTITUTIONS LIMIT 50

REMEMBER PROVED THEOREM

#2.13 AV==<=A

-94 -

#1,4, DETACHMENT

#1.3, DETACHMENT.
©2,08y DETACHMENT.
#1.2, DETACHMENT.

REJECTED PROBLEM
REJECTED PROBLEM
REJECTED PROBLEM

#2.11, FORWARD CHAINING

®2.12 Al--A
2. -pl---P
*2.11 AV=-A
*2.13 pPV---P
ACTUAL 18263
ACTUAL 2

ACTUAL 3



TG PROVE
*2.14 -=-PIP
1. ~~~PVP
5187 P
5090 --PP
5149 (—-PIPIV(--PIP)
2. ~~==P1P
5339 --PlP
3. (--PV-=P}IP
4. (BI--P}IP
5. (AV==P}IP
5379 ~~PIP
b -=-P1{PVP)
6. -=-PL{PVP)
7. --=PV(PVP)
5051 PVP
5245 =-=PL{PVP)
5552 (==PI(PVP))VI--PI(PVP))
8. -=~==PL(PVP}
5612 --P1(PVP)}
9. {(~=PV=-=P}1(PVP)
10. (BI-=P)I(PVP)
1. (AV--P) 1 (PVP)
5500 --PIP
5737 -=PL{PVP)
5780 -=PIP
5653 ==PL(PVP)
12. ~=P1{(PVP)V(PVP))
12. -=PI{(PVP}VIPVP))
13. ~==PV{(PYPIV(PVP))
5286 (PVP)IVIPVP)
4842 -~PL{{PVPIVIPVP)})
5854 (~=PIL(PVP)IVIPVPI)IVI~-=PL(I
l4. —==-PL{{PVP)VIPVP))
5846 --PLL(PVPIVIPVP))
15. (==PV—=P)}1{{PVPIVI(PVP))
l6. {(BI--P)I{(PVP)V(PVP))
17. {AV==P) I {{PVP)VI(PVP}])
6031 -=PI(PVP)
18. -=PI(PV{{PVP}VP]})
6059 --PI{(PVPIVIPVP))
6092 --PI(PVP)
5995 ~=PI((PVPIVIPVP))
19. ~=PL{{(PVPIVIPVPIIVIIPVPIVIP
l. -==PvP
6102 --PIP
20. PV---P
PROOF FOUND.
GIVEN e2.13
SUBSTITUTION 20.
GIVEN *l.4
DETACHMENT 1.
GIVEN «1.01
REPLACEMENT 22.14

Q.E.D.
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REPLACLEMENT
DETACHMENT.

#1.01,
®2,02,
#2.08y
#l.2y

*2.12,
#2.08,
22,07,
*2.02,
#1.3,

REJECTED PROBLEM
DETACHMENT. REJECTED PROBLEM
NDETACHMENT. REJECTED PROBLEM
FORWARD CHAINING
FORWARD CHAINING.
FORWARD CHAINING
FORWARD CHAINING
FORWARD CHAINING

REJECTED PROBLEM

©2,08, BACKWARD CHAINING. REJECTED PRUBLEM
#1.2, BACKWARD CHAINING

#1,0l, REPLACEMENT

©2,02, DETACHMENT. REJECTED PROBLEM

#2.08, DETACHMENT. REJECTED PROBLEM

#1,2, DETACHMENT. REJECTED PROBLEM

#2.12, FORWARD CHAINING

«2,08, FORWARD CHAINING. REJECTED PRUBLEM
«2.07, FORWARD CHAINING

82,02, FORWARD CHAINING

#1.3, FORWARD CHAINING

#2,07, BACKWARD CHAINING. REJECTED PRUBLEM
#l.4y, BACKWARD CHAINING. REJECTED PRUBLEM
#1,3, BACKWARD CHAINING. REJECTED PROBLEM
#2,08, BACKWARD CHAINING. REJECTED PROBLEM
#1,2y BACKWARD CHAINING

#1.01, REPLACEMENT

©2.02, DETACHMENT. REJECTED PROBLEM

#2,08, DETACHMENT, REJECTED PRUSLEM
PVPIVIPVPI)) #1.2, DETACHMENT. REJECTED PROBLEM
#2.12, FORWARD CHAINING

#2.08, FORWARN CHAINING. REJECTED PROBLEM
#2.07, FORWARD CHAINING

#2.02, FORWARD CHAINING

#1.3, FORWARD CHAINING

#2,07, BACKWARD CHAINING. REJECTED PRUBLEM
*1.5, BACKWARD CHAINING
#1l.4, BACKWARD CHAINING. REJCCTED PROBLEM
#1.3, BACKWARD CHAINING. REJECTED PROBLEM
#2.08, BACKWARD CHAINING. REJECTED PROBLEM
VP1)) #1.2, BACKWARD CHAINING
#1.01, REPLACEMENT. REJECTED PRUBLEM
1.4, DETACHMENT

AV-~-—-A

PV===P

(AVB) I (BVA)

-==PVP

(AIB).=.(~AVB)} DFF.

--PIP
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EFFCRY LIMIT 200000 ACTUAL 181261
SUBPROBLEMS LIMIT 50 ACTUAL 20
SUBSTITUTIONS LIMIT 50 ACTUAL 21

REMEMBER PROVED THEOREM

“2.14 ~-AlA



TG PROVE
#2.15

23.

NC PROOF FO

EFFORY
SUBPROBLEMS
SUBSTITUTIO

5126

22.
6183
23.

-QI{PVP)

24.
5836
25.
6364
6420
26.
6459
27.
28.
29.
6580
6601
6563
30.
6627
31.
UND

NS

(-PIQY1(-QIP)

(-=PVQ)I(=--QVP)
{(=~PVQ) [ {--QVP)

(-(-PICIV(-QIP}

-QIUt=-PIQ)IP)

-Qie

={=0{(=PIQ)I(-QIP)}})
(-PLQ)I(-QIP)
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’
#1.01,
#2.04,
#2.02,
*#2.14,
#2.08,

((-PIQ)I(-QIPIVII-PIQII(-QIP))

({QicHi(-pP1CIII(=~QIP)
((cr-p,y{ciQNI(-QIrP)
(LAV=P)LLAVQ)}I(-QIP)
{(={=-(-PIQ) I (=-QIP)
(-PIC)I(~-QIP)
((-PIQIV(-PIQ))I(-QIP)
(BI(-PIQM)T(~-QIP)
[AV(-PIQ)}1E(=QIP)
(-PlQ)IP
(=PI I(-{~-(~QIP))}
(-PIQYI{-GQIP)
(-PIQIL(-QIP)V(~QIP})

-=-QveP

P
-{=(-QIP})
-QIp
(-QIP)IV(-QIP)
-==QIP
-Qip
{-Qv-Q) 1P
(BI-Q)IP
(AV=-Q)IP
-Ql--pP
-Clp
-Ql{PVP)

-=QV(PVP)

PVP
-(-(=-QI(PVP)))
-QI{PVP)
(~=CL{PVPIIVI-QL(PVP))
---Ql(pPvP}
-QI(PVP}
(-Qv-Q)I(pve)
(BI-Q)I(PVP)
(AV=-Q) I (PVP)
-QiP

-Ql(pPVvP)

-Cip
-QI{-~{-(PVPI )
-Ql(pPvP)
-QI{{(PYP)VIPVP})

LIMIT 200000
LIMIT 50
LIMIT 50

82.06y
©2,05,
#l.6,

“2.12,
«2.08,
«2.07,
*2.02y
®1.3,

#2.02,
®2.14,
#2.08,
*l.2,

#1.01,
#2.02,
2,14,
*2.08,
*l.2y

2,12,
*2.08,
#2.07,
®2.02,
*1.3,

#2414,
#2.08,
#l.2

#1.01,
*2.02,
22,14,
«2,08,
®l.2,
€2.12,
#2.08,
*2.07,
#2.02,
“1.3,
#2.07,
®l.4y
*1.3,
2,14,
#2.08,
*1.2,

SUBLEVEL REPLACEMENT
SUBLEVEL REPLACEMENT.
REPLACEMENT
DETACHMENT
DETACHMENT
DETACHMENT
DETACHMENT. RFJECTED PROBLEM
«1.2y DEVACHMENT. REJECTED PROUBLEM
FORWARD CHAINING
FORWARD CHAINING
FORWARD CHAINING
FORWARD CHAINING
FORWARD CHAINING.
FORWARD CHAINING
FORWARD CHAINING
FORWARD CHAINING
BACKWARD CHAINING
BACKWARD CHAINING
BACKWARD CHAINING,
BACKWARD CHAINING

REJECTED PROBLEM

REJECTED PROBLEM

REJECTED PROBLEM

REPLACEMENT
DETACHMENT.,
DETACHMENT
DETACHMENT. REJECTED PROBLEM
DETACHMENT. REJECTED PROBLEM
FORWARD CHAINING
FORWARD CHAINING.
FORWARD CHAINING
FURWARD CHAINING
FORWARD CHAINING
BACKWARD CHAINING
BACKWARD CHAINING.
BACKWARD CHAINING

REJECTED PROBLEM

REJECTED PROBLEM

REJECTED PROBLEM

REPLACEMENT
DETACHMENT.
DETACHMENT
DETACHMENT. REJECTED PROBLEM
DETACHMENT. REJECTED PROBLEM
FORWARD CHAINING
FORWARD CHAINING.
FORWARD CHAINING
FORWARD CHAINING
FORWARD CHAINING
BACKWARD CHAINING.
BACKWARD CHAINING.
BACKWARD CHAINING.
BACKWARD CHAINING
BACKWARD CHAINING.
BACKWARD CHAINING

REJECTED PROBLEM

REJECTED PROBLEM

REJECTED PROBLEM
REJECTED PROBLEM
REJECTED PROUBLEM

REJECTED PROCLEM

ACTUAL 206728

ACTUAL 31
ACTUAL 32



TO PROVE

#2.20 PI{PVQ)
1.
2.
3.
5676
5675
4.
6012
5.
6.
7.

PROGF FOUND.

-PVIPVQ}
PVQ
~{-{PL(PVQ})))
PL{PVQ)
(PLIPVQIIVIPI(PVQ))
-=P1{PVQ])
PI(PVQ)
(PVPIE(PVQ)
(sIP)L{PVQ)
(AVP)ILLPVQ)

GIVEN

SUBSTITUTION

GIVEN

FORWARD CHAINING

Q.E.D.
EFFORT LIMIT 200000
SUBPROBLEMS LIMIT 50
SUBSTITUTIONS LIMIT SO

REMEMBER PROVED THEOREM

€2.20 Al (AVE)

#l.4
7.
*1.3
#2.20

ACTUA
ACTUA
ACTUA
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#1.01, REPLACEMENT

#2.02y CETACHMENT

®2.14, DETACHMENT

#2.,08, DEVACHMENT. REJECTED PROBLEM

®1.,2, DEVACHMENT. REJECTED PROBLEM

®2.12, FORWARD CHAINING

#2.08, FORWARD CHAINING. REJECTED PROBLEM
¢2.07, FORWARD CHAINING

#2.02, FORWARD CHAINING

®1.3, FORWARD CHAINING

(AVB)I(BVA)
(CvP)E(PVQ)

81 (AVB)
PI(PVQ)
L 3811l
L7
L8



TC PROVE
«2,21 ~-PL(PIQ}
1. -PL{~PVQ}

PROOF FOUND.

GIVEN

SUBSTITUTION

GIVEN

SUBLEVEL REPLACEMENT

Q.E.Ce
EFFORT LIMIT 200000
SUBPROBLEMS LIMIT 50
SUBSTITUTIGONS LIMIT 50

REMEMBER PROVED THEUREM

#2,21 -Af(A[B)

~-99.

v SUBLEVEL REPLACEMENT

€2,20 AI(AVB)

1. ~-PL{-PVQ)
DEFINITIDNS

#2.21 -PI{PILY

ACTUAL 8021
ACTUAL 1
ACTUAL 2



TG PROVE
®2.24

PROOF F

EFFORT
SUBPRODBL
SLBSTITU

(==-PvQ}
-P1Q)

PIC)

ON

LIMIT 200000
LIMIT 50

PI(-PIQ)
1. PI(--PVQ)
4942 Pl
2. -PV{
5291 -P
3. ~PI(
OUND.
GIVEN
SUBSTITUTI
GIVEN
CETACHMENT
Q.E.C.
EMS
TIONS

LIMIT 50

REMEMBER PROVED THEUREM

*2.24

Al(-AIB)}

2.

3.

*2.
#2.
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s+ SUBLEVEL REPLACEMENT

s SUBLEVEL REPLACEMENT. REJECTED PROBLEM
#1.01, REPLACEMENT
#2.21y DETACHMENT. REJECTED PROBLEM
#2,04y DETACHMENT

21 -Al{AIB)

-PI(PIG)
04 (AT(BIC))I(BI(AICY))
24 PL(=-PIG)

ACTUAL 21521
ACTUAL 3
ACTUAL 4
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T0 PROVE
«3.13 (~(P=Q))1(-PV-Q)

l. (~(={=PV=Q))}I(-PV-Q) SUBLEVEL REPLACEMENT

PROUF FOUND.

GIVEN #2.14 --AlA
SUBSTITUYION l. (—(={=PV-Q))) 1 {-PV=-Q)
GIVEN DEFINITIONS
SUBLEVEL REPLACEMENT #3.13 (-(P=Q)) I (~-PV-Q)}
Q.E.D.

EFFORT LIMIT 200000 ACTUAL 13293

SUBPROBLEMS LIMIT 50 ACTUAL 1

SUBSTITUTIONS LIMIT 50 ACTUAL 2

REMEMBER PROVED THEUREM

#3,.13 (~{AeB)) I{-AV-B)
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T4 PROVE
*3.14 (-PV=-Q)I{~-(P=Q))

1. (=PV=-Q)I{~(=-(~PV=Q)})) SUBLEVEL REPLACEMENT

PROOF FOUND.

GIVEN #2.12 Al-=A
SUBSTITUTION le (=PV=Q)I{-(-({-PV-Q)))
GIVEN OEFINITIONS
SUBLEVEL REPLACEMENT *3.14 (=PV=-Q) I(-(P=Q))
Q.E.D.

EFFORT LIMIT 200000 ACTUAL 12753

SUBPROBLEMS LIMIT S50 ACTUAL 1

SUBSTITUTIONS LIMIT 50 ACTUAL 2

REMEMBER PROVED THEOREM

«3.14 (-AV-B)I(-(A*B)}
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TQ PROVE

®3,24 ~{Pe-P)
1. =(={=-PV~-P)) s+ SUBLEVEL REPLACEMENT
5417 ~{=(-PV~-=P}) o+ SUBLEVEL REPLACEMENT. REJECTED PROBLEM
2. -PV--P #3.14y DETACHMENT

PROUF FOUND.

GIVEN «2.11 AV-A
SUBSTITUTION 2. -py--p
GIVEN *3.14 (-AV-B)1(-(A=B))
DETACHMENT ®3,24 ~-(Pe=P)
Q.E.D.

EFFORT LIMIT 200000 ACTUAL 14541

SUBPROBLEMS LIMIT 50 ACTUAL 2

SUBSTITUTIONS LIMIT S0 ACTUAL 3

REMEMBER PROVED THEOREM

#3.24 ~(As=A)



TQ PROVE
#4.13  pa--p
1. (PI==P}s(==PIP)
2,  =t=(P=~=p))
5588  P=—-P
5260  (P===P)V(P=-=P)
3., PIP

PROOF FOUND.

GIVEN

SUBSTITUTION

GIVEN

BACKWARD CHAINING

Q.E.D.
EFFORT LIMIT 200000
SUBPRUBLEMS LIMIT 50
SUBSTITUTIONS LIMIT 50

REMEMBER PROVED THEOREM

*4.13  A=--A

*«2.08

2,12
4,13
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#4,01y REPLACEMENT

#2.14y DETACHMENT

#2.08y DETACHMENT. REJECTED PROBLEM
#l.2y DETACHMENT. REJECTED PROBLEM
#2,12, BACKWARD CHAINING

AIA
PIP

Al--A
Ps—-pP

ACTUAL 15965

ACTUAL 3
ACTUAL 4



TC PROVE

4,20

p=p

l. (PIP)e{P[P)
2. -(=-(P=P))
6082 P=pP

5765 [(P=P)V(P=P)
3. ~=PIP

PROCF FOUND.

EFFORT LIMIT 200000
SUBPROBLEMS LIMIT 50
SUBSTITUTIONS LIMIT 50

GIVEN
SUBSTITUTION
GIVEN

FORRKARD CHAINING
Q.E.C.

REMEMBER PRCOVED THEUREM

4,20

A=A
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24,01, REPLACEMENT

#2.14, DETACHMENT

«2.08, DETACHMENT. REJECTED PROBLEM
#1,2, DETACHMENT. REJECTED PROBLEM
#4.13, FORWARD CHAINING

*2.14 —-AlA
3. --PIP
*4.13 Az==A
"4,20 p=p

ACTUAL 12404
ACTUAL 3
ACTUAL 4



TO PROVE
*4.26 pP=(PeP)
l. Pa{~{-PV-P)}
5377 P=(={-PV-P))
2. (PI(Pep))e((PuP)IP)
3. =(-{(P=(PeP)}))
5457 P={Pup)
5321 (P={PaP}IV(P={PeP))
4. PL{P=P}
Se ~=PI{PxP)
6. PI(=(=-(PeP)))}
6563 PI(PeP)
7. PI{(PeP)V(PeP))
4. PL(P=P)
8. -PV(P=P)
6597 -pP
9. Pap
10. =(-{PI(PeP) )}
5348 PI(PaP)
6056 (PL(PeP))V(PI(PeP))
11. (-PIB)I(P#P)
12. (PVB)I(PeP)
6514 -=P1{P=P)
6235 PI(P=P)
13. (PVP)I(P=P)
14, (BIP)I(PeP)
15. (AVP)Y I (PwP)
5907 Pl{=-(-(PeP)})}
6607 PI(P=P)
5352 PIL{PePIV(PeP))
9. Psp
6477 -{=-PV-P)
16. ~{~{PsP})
5352 Pup
6484 (PeP)V(PaP)
17. Pi--P
PROOF FOUND.
GIVEN
SUBSTITUTION
GIVEN
BACKWARD CHAINING
GIVEN
DETACHMENT
GIVEN
FORWARD CHAINING
G.E.De
EFFORTY LIMIT 200000
SUBPROBLEMS LIMIT 50
SUBSTITUTIONS LIMIT 50

REMEMBER PROVED THEOREM

#4,24 A={A=A)

-106-

*
*4,01,
*2.14,
22.08,
*1.2,
#4,20,
4,13,
*2.14,
.2.08,
#le2y

*1.01,
2,21,
.2,02,
#2, 14,
«2.08,
*l.2y
22,24,
#2,20,
2,12,
*2.08,
*2.07,
22,02,
1.3,
#2.14,
«2,08,
#l.2,y

€3.01,
2,14,
#2,08,
1.2y

*®2.14,

BACKWARD CHAINING.

DETACHMENT.

SUBLEVEL REPLACEMENT

SUBLEVEL REPLACEMENT. REJECTED PROBLEM

REPLACEMENT

DETACHMENT

DETACHMENT, REJECTED PRUBLEM
DETACHMENT. REJECTED PROBLEM
FORWARD CHAINING

FORWARD CHAINING
BACKWARD CHAINING

BACKWARD CHAINING. REJECTED PROBLEM
BACKWARD CHAINING

REPLACEMENT

DETACHMENT. REJECTED PROBLEM
DETACHMENT

DETACHMENT

DETACHMENY. REJECTED PROBLEM
DETACHMENT. REJECTED PROBLEM

FORWARD CHAINING

FORWARD CHAINING
FORWARD CHAINING.
FORWARD CHAINING.
FORWARD CHAINING
FORWARD CHAINING

REJECTED PROBLEM
REJECTED PROBLEM

FORWARD CHAINING

BACKWARD CHAINING.
BACKWARD CHAINING.

REJECTED PROBLEM
REJECTED PROBLEM
REJECTED PROBLEM

REPLACEMENT,
DETACHMENT
DETACHMENT.

REJECTED PROBLEM

REJECTED PROBLEM
REJECTED PROBLEM
BACKWARD CHAINING

®2.12 Al--A
17. Pi--P
*2.14 --AlA
S. Psp
«2.02 AI(BIA)
4 Pl(PaP)
#4,20 A=A
4,24 Px(PapP)

ACTUAL 92331

ACTUAL 17
ACTUAL 18



TO PROVE

*4.25 P={PVP}
1. (PL{PVP))e((PVP)IP)
2. =(=(P=(PVP}))

5928 P=(PVP)

5797 (P={PVP)IVIP=(PVP})
3. (PeP)I{PVP)

4o P1{PVP)

PROOF FOUND.

GIVEN

SUBSTITUTION

GIVEN

FORWARD CHAINING

C.E.D.
EFFORT LIMIT 200000
SUBPROBLEMS LIMIT S0
SUBSTITUTIONS LIMIT 50

REMEMBER PROVED THEOREM

*4.25 A= (AVA)

#2.20

4,20
*4.25

ACTUA
ACTUA
ACTUA
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#4,01, REPLACEMENT

#2.14y DETACHMENT

#2.08, DETACHMENT., REJECTED PROBLEM
1.2, DEYTACHMENT. REJECTED PROBLEM
©4,24, FORWARD CHAINING

©4,20, FORWARD CHAINING

AI(AVB)
PLI{PVP)
A=A
P=(PVP)

L 20788

L 4

L s
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PROGRAM RAN 7O COMPLETION.

IPL-V POST-MORTEM

HO sl
.2
3
.4
H1 J7
H2 16207 wWORDS
H3 879155
Hé o
HS Ja
H6 0
H? 0
H8 0
H9 0
H10 0
H11 0o
H12 0
WO ¢
Wl 0
w2 0
W3 0
LI 0
WS 0
Wé 0
w7 0
W8 0
WS 0
Wio 246217 1
Wit (¢}
W12 X13
W13 X13
Wisa Jo
W15 X15
W16
W17
wig 24628 0
W19 24629 0
W20 28153 0
24630 0
W21 28088 1
24631 1
W22 28088 1
24632 1
W23 28090
W24 24633
W25 24754 16
W26 24756
]
Jo
w27
w28
W29
W30 24755 1
W31 24759 2



®4,25

THE FOLLOWING RESULYED FROM EXECUTING 1Wl5...

5916+

4849

5095

42474

4054«

5707«
5719+

5398+«

5059

5138+

W3z
W33
24153 0
24152 [o]
24150 0
24151 0
24156 0
24145 [¢]
24154 Q
24155 [¢]
24160 0
24157 0
24159 1
24158 1
32531 32548
A={AVA)
L4 0
=0
9-1
=0
9-2
vo
9-3
10
9-4
9-5
S-1 ]
S-6
9-7
9-2 0
9-8
9-3 0
9-9
9-10
9-4 0
9-11
9-12
9-5 [¢]
9-13
9-14
9-6 9-15
S-7 9-16
vo
9-17
0
9-18
-0
9-19
9-8 0
*0
9-20
9-9 9-21
-0
9-22
9-10 9-23
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4239s

4209+«

4077

4051«

5336+

5037«

5789#

5765«

5454

6035+

5173«

5262+
5Cl3e
5066

4270+

9-11

9-12
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510G«

4368+

4250

4242

4875«

4371+

4253

4181+

41l31»

«J66%

4204+

4113s

4069+

5585«
5771«
6331+
6109«
5534¢

5819
5411+

5010+
4983«

5217+

#2112
#208
«207
#202
13

9-48

9-49
9-50

9-51
9-52

*214
*208
«]2

9-53

$-54
9-55

9-56
9-57

9-58
9-59

9-60
9-61

9-62
9-63

9-64
9-65

9-66

9-67
9-68
9-69
9-70
9-71
9-172

-0
9-73
9-74

3-75
9-76
9-77
-0

9-78
9-79
0
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4300s

4367

4212e

4249

4860

4370«

4350

4278+

4276

4202+
4165
4133
4112=
4061
4046+
41l6e

4178+#

4109+

9-58
9-59
9-60
9-61
8-62
9-63
9-64
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4073
4C82%
5266
52T4e
5609
6002+«
6077»
6107=
5417«
5136+«
4995=
5080=
5419+

5608+«

5089

436G«

4257+

5054

4956+

4254s

5821+«

4256+

4795+«

4295

3-74
9-75

9-76

9-78

9-79

9-80

9-83

-0
9-116
9-117
425
0
#425
0
424
€424
9-118
#3324
9-119
«210
0
«211
9-120
*221

9-121
9-122

9~123

«206
*205
#204
#2013
€201
®l6

%206
205
*16

9-124
9-125

9-126
.15
el4
.12
9-127

*14
.12

9-128
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4871

5384+

5143e

4828+

5950

4979

4404

4889+

4836+

4835

4407»

4283s

5549+

4285%

5292+

4352

4205+
4176w
4140%

4139«

9-91

9-92

9-93
9-94

9-99

9-100

9-101

9-102

9-103

9-104

9-105

9-106

9-107
9-108
9-109

9-110

9-129
9-130

#201

9-131
9-132

9-133
#221
*204
*203
«202
9-134

9-135
9-136

9-137
9-138

2224
0221
#202

9-139
9~140

9-141

9-142
9-143

#220
«207
*15
.14
.13
9-144
*220
«207
.14
.13
9-145

9-146
9-147

*401
o]
401

#301
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4050«
4078

4210e

4215«

4148e

4Q76»
4075+

5854+
5579+
4910+

5604
5683+«
6C80Ce
4883
4947«
4838+
6122+
5373e
4284+
4274
5473«
5542+
5038
6130+
5125«
5113=
4401
4403
5070«
4973«
4969
4406w
4412
5659%
5802+
4345
4324w
4213e
4199+
4214
4220%
413Ts

4145

9-111
9-112

9~-113

9-114

9-115

9-116
9-117

9-118
9-119
9-120

9-121
9-122
9-123
9-124
9-125
9-126
9-1217
9-128
9-129
9-130
9-131
9-132
9-133
9-134
9-135
9-136
9-137
9-1138
9-139
9-140
9-141
9-142
9-143
9-144
9-145
9-146
9-147
9-148
9-149
9-150
9-151
9-152

9-153

«301
¢}

*101
#101

9-148
9~149

9-150
9-151

9-152
9-153

9-154

=101
9-155
9-156

-0

9-157
9-158
9-159
9-160
9-161
9-162
9-163
9-164
9-165
9-166
9-167
9-168
9-169
9-170
9-171
9-172
9-173
9-174
9-175
9-176
9-177
9-178
9-179
9-180
9-181
9-182
9-183
9-184
9-185
9-186
9~-187
9-188

-0
9-189

-0
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4092
6091

v5452’
51l4e
5397
5428+
5909+«
4948«
5058%

4924%

5801+

6079

4323s°

43464

5690«

5599s

4960«

6110+

5166+

5133«

4408%
4410w

5160«

4978#

4903

4419+

9-154
9-155

9~-156
9-157
9-158
9-159
9-160
9-161
9-162

9-163

9-164
9-165
9-166
9-167
9-168
9-169
9-170
9-171

9-172

9~173

9-174
9-175

9-176

9-177

9-178

9-179

9-190
9-191

#4613
0
*324
9-192
*313
o]
*313
214
0
€204
o
«204
0

#203
«201

*314
#314
*15
15
0
#3114
*314
#2112
€224

*206
#205

#206
#205

*lé

*l6

206
*205
204
206
«205
2204
€203

®l6
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4421
4807+
5917
4356+
4358¢
4216e
4218+
4227«
4229
4134
4154
4097+
5207=
4158«
4163+
5261+
4161#

4168+

9-180
9-181
9-182
9~183
9-184
$-185
9-186
9-187
9-188
9~189
9-190
9-191
9-192
9-193
9-194
9-195
9-196

9-197

.16
»313
#313
.15
15
*401
0
#2401
#6401
(]
%401
9-193
0
9-194
#101
9-195
9-196
9-197
213
o]
+301
0
#301
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ACCOUNTING SUMMARY 06/05/63
Jos 8168 L TNEWL,EAS82645MIN,04099,C STEFFERUD 1 003650
PHASE PROGRAM TIME
1 IPL 04MIN 30SEC
TOTAL 04MIN 30SEC
MEDIARY QUTPUT COUNT 10 WORDS

END OF MOCK-DONALD SYSPIT



~119-

XIII. LEVELS OF VOCABULARY AND USE OF SYMBOLS

The following list summarizes LT's use of symbols

for routines and data.

AO,BO,-~--,GO Free variables

PO,Q0,----,TO Bound variables
10,v0,-0,*%0,=0,=1 Connectives

Other zeroth symbols Character symbols (except HO,J0O,WO)
/1,/2,----,/14 Substitute character symbols
N1,N2,--~--,N10 Integer data terms 1,2,----,0
K1-K99 Constants and parameters
L1-L49 Control and working lists

T1-T39 Text lists

QL-Q49 Attributes of terms and expressions
P1-P99 Routines to operate on terms and

expressions

M1-M199 Logic theorist routines

M1---M9 Executives, setup

M10--M19 Methods

M40--M49 Utility measures

M50--M59 Information recorders

M60--M69 Information retrievers

M70--M89 Input-output routines

M90--M99 Limit testers

M110-M119 Match processes

X1-X49 Run housekeeping and executives
X1---X9 Executives

X10--X19 Debugging routines

X20--X29 Debugging lists
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LIST OF IPL-V BASIC PROCESSES

* Indicates processes which set H5

General Processes
No operation

J1 Execute (0) after restoring HO
*J2 TEST (0) = (1)

*J3 Set H5-

*J4 Set H5+

*J5 Reverse sense of H5
J6 Reverse (0) and (1)
J7 Halt, proceed on GO
J8 Restore HO

J9 ERASE cell (0)

Description Processes

*J10  FIND value of attribute (0) of (1)

J11  Assign (1) as value of attribute (0) of (2)

J12 Add (1) at front of value list of attribute
(0) of (2)

J13  Add (1) at end of value list of attribute
(0) of (2)

J14 ERASE attribute (0) of (1)

J15 ERASE all attributes of (0)

*J16  FIND attribute of (0) randomly

Generator Housekeeping Processes

J17 Gen set up: context (0), subprocess (1)
*J18 Execute subprocess of Gen
*J19 Gen clean up

Working Storage Processes

J2n  MOVE (0)-(n) into WO-Wn

J3n Restore WO-Wn

Jén Preserve WO-Wn

J5n Preserve WO-Wn; MOVE (0)-(n) into WO-Wn

List Processes
*J60  LOCATE next symbol after cell (0)

*J61 LOCATE last symbol on list (0)

*J62 LOCATE (0) on list (1) (1st occurrence)
J63  INSERT g before symbol in cell (1)

J64  INSERT (0) after symbol in cell (1)

J65 INSERT (0) at end of list (1)

J66 INSERT (0) at end if not on list (1)

J67 Replace (1) by (0) on list (2) (1st occur.)
*J68 DELETE symbol in cell (0

*J69 DELETE (0) from list (1) (lst occurrence)
*J70 DELETE last symbol from list (0)

J71 ERASE list (O

J72 ERASE list structure (0)

J73  COPY list (0)

J14 COPY list structure (0)

J75 Divide list after location (0); name of

remainder is output (0)

*J76 INSERT list (0) after (1), locate last symbol
*377 TEST if (0) is on list (1)
*J78  TEST if list (0) is not empty

*J79  TEST if cell (0) is not ewpty

*J8n  FIND the mth symbol on list (0)

J9n  Create list of n symbols, (n- 1) to (0)
*J100 Gen symbols on list (1) for (0)

*J101l Gen cells of list structure (1) for (0)
*J102 Gen cells of tree (1) for (0)

*#J103 Gen cells of block (1) for (0)

J104

Auxiliary Storage Processes

*J105 MOVE list structure (0) in from auxiliary
J106 File list structure gO) in fast-auxiliary
J107 File list structure (0) in slow-auxiliary
#3108 TEST if list structure (0) is on auxiliary
J109 Compact auxiliary data storage system (0)

Arithmetic Processes
J110 (1) + 52) -
Jiil (1) - -
J112 (1) x (2) -

g leave (0)

(
J113 (1) / (2) - SO

)]

4

?

<

leave (0)
leave (0)
leave (0)
*J114 TEST if (0)
*J115 TEST if (0)
*J116 TEST if (0)
*J117 TEST if (0)
*J118 TEST if (0)
*J119 TEST if (0)
J120 COPY (0)
J121 Set (0) identical to (1), leave (0)
J122 Take absolute value of (0), leave (0)
J123 Take negative of (0), leave (0)
J124 Clear (0), leave (0)
J125 Tally 1 in (0), leave (0)
Ji26 Count list (0)
*J127 TEST if data type (0) = data type (1)
J128 Translate (0) to be data type of (1)
J129 Produce random number between O and (0)

O O Ompmm N

Data Prefix Processes ——
%3130 TEST if (0) is regional symbol
*J131 TEST if (0) names data term
*J132 TEST if (0) is local symbol
*3133 TEST if list (0) has been marked processed
*J134 TEST if (0) is internal symbol
J135
J136 Make (0) local, leave (0)
J137 Mark list (0) processed leave (0)
J138 Make (0) internal, leave (0)
J139

Read and Write Processes \
*J140 Read list structure
*J141 Read symbol from console
J142 Write list structure (0)
J143 Rewind tape (0)
J144 Skip to next tape file
J145 Write end-of-file
J146 Write end-of-set

Monitor System
J147 Mark routine (0) to trace
J148 Mark routine (0) to propagate trace
J149 Mark routine (0) to not trace

Print Processes

J150 Print list structure (0)

J151 Print list (0)

J152 Print symbol (0)

J153 Print data term (0) w/o name or type
J154 Clear print line

J155 Print line
*J156 Enter symbol (0) left-justified
*J157 Enter data term (0) left-justified
*J158 Enter symbol (0) right-justified
*J159 Enter data term (0) right-justified
J160 Tab to column (0)

J161 Increment columm by (0)

*#J162 Enter (0) according to format W43
J163

J164

In-process Loading
J165 Load routines and data

Save for Restart (% 20.0)

#J166 Save on unit (0) for restart
*J167 Skip list structure

J168

J169

Error Trap
J170 Trap on (0)

Block Handling Processes

J171 Return unused regionals to H2

J172 Make block (0) into a list

*3J173 Read into block (0)

*J174 Write block (0)

*J175 FIND region control word of regional symbol

(0)
J176 Space (0) blocks on unit 1Wl19
J177
J178
J179

Line Read Processes

*J180 Read line

#J181 Input line symbol

*J182 Input line data term (0O)
*J183 Set (0) to next blank
*J184 Set (0) to next non-blank
*J185 Set (1) to next occurrence of character (0)
*J186 Input line character

Ji87

J188

*J189 Transfer field to line (0)

Partial Word Processes W
J190 Input P of cell |

J191 1Input Q of cell (0)

J192 1Input SYMB of cell (0)

J193 Input LINK of cell (0)

J194 Set (1) to be P of cell (0)
J195 Set (1) to be Q of cell (0)
J196 Set (1) to be SYMB of cell gO)
J197 Set (1) to be LINK of cell
J198

J199

Miscellaneous Processes

*%J200 LOCATE (0)th symbol on list (1)
J201 ERASE routine (0)

J202 Print post mortem and continue



IPL

INSTRUCTION: PQ SYMB LINK

P is operation code

P = 0 Execute S
P =1 1Input S (after preserving HO)
P = 2 OQutput to S (then restore HO)
P = 3 Restore (pop up) §
P = 4 Preserve (push down) S
P =5 Replace (0) by S
P =6 Copy (0) in S
P =7 Branch to S if H5-
Q is designation code
Q=0 S = SYMB
Q=1 S = symbol in cell named SYMB
Q =2 S = symbol in cell named in cell
named SYMB
Q =3 S = SYMB; start selective trace
Q =4 S = SYMB; continue selective
trace
Q = 5 Machine language routine
Q = 6 Routine in fast-aux. storage
Q = 7 Routine in slow-aux. storage
SYMB is symbol operated on by Q
LINK is address of next instruction

(0 for end of routine)

SYSTEM STORAGE CELLS

HO
Hl
H2
H3
H4
H5

Communication cell

Current instruction address cell
Available space list

Tally of interpretation cycles
Current auxiliary routine cell
Test cell

WO-W9 Common working storage

W10
Wll
wl2
wl3
Wl4
wl5
Wlé
Wi7
w18
w19
w20
w21l
w22
W23
W24
W25
W26
w27
w28
W29
w30
w3l
w32
w33
w34
w35
w36
w37
w38

w39
w40
W4l
W42

wa3

Random number control cell
Integer division remainder
Monitor start cell (Q = 3)
Monitor end cell (Q = 3)

External interrupt cell

Post mortem routine cell

Input mode cell

Output mode cell

Read unit cell

Write unit cell

Print unit cell

Print column cell

Print spacing cell

Post mortem list cell

Print line cell

Print entry column cell

Error trap cell

Trap address cell

Trap symbol cell

Monitor point address cell

Field length cell

Trace mode cell

Reserved available space cell
Cycle count for trap cell

Current available space cell
Slow-aux. obsolete structure cell
Used slow-auxiliary space cell
Slow-auxiliary storage density cell
Slow-auxiliary storage compacting
routine cell

Fast-aux. obsolete structure cell
Used fast-auxiliary space cell
Fast-auxiliary storage density cell
Fast-auxiliary storage compacting
routine cell

Format cell
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IPL DATA:

PQ SYMB LINK

Q=

0 Standard list cell:
P is irrelevant
SYMB is symbol
LINK is address of next list cell
(0 for end of list)

Q =1 Data term: 4PQ SYMB LINK
Decimal integer 1 dddd dddd
Floating point 11 ddddd d tee
Alphanumeric 21 aaaaa
Octal 31 ddddd ddddd

TYPE CARDS

0 (blank) Routines and data

1 Comments
2 Region definition

o~

NAME = Regional symbol
SYMB = Origin (if given)
LINK = Size
Block reservation
NAME = Block control word (if given)
SYMB = Origin (if given)
LINK = Size
Q = 0 Reserve regional symbols
Q = 1 Reserve print line
Q = 2 Reserve block
Q = 3 Reserve auxiliary buffer
= 4 Specify available space
Listing cards

Main storage header

Fast-auxiliary storage header
Slow-auxiliary storage header

Editing header; inhibits loading
NAME = Name of storage block
P = Input mode
P = 0 IPL standard
P = 1 IPL compressed
P = 2 1IPL binary
P = 3 Machine code
P = 4 Restart mode
Q = Type of input
Q = 0 Routines; internals
symbolic
Q = 1 Data; internals
symbolic
Q = 2 Routines; internals
symbolic; reset inter-
nal symbol table
Q = 3 Data; internals sym-
bolic; reset internal
symbol table
Q = 4 Routines; internals
absolute
Q =5 Data; internals
absolute
SYMB = Alternate input unit
0 (blank) = controlling unit
1-10 = Internal tapes
Regional SYMB names first
routine (terminate loading)
LINK = Output mode: of form bbbed
b = Output unit: blank = unit
1Ww19; 1-10 = unit 1-10
c =0 (blank) if assembly
listing

1 or any character if no
assembly listing

d = 0 (blank) if no output
=1 1IPL compressed output
= 2 1IPL binary output
= 3 Machine code output
= 9 IPL standard output

9 First card

SYMB = Controlling unit (0 or blank
= normal input unit)
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X1V, COMPLETE VOCABULARY LISTING

A complete vocabulary listing, as shown in this
section, was kept up to date during conversion of LT into
its present form.

The vocabulary is intended to serve as an extension

of the List of Basic Processes in the IPL-V system.



AQ
BO
co
Do
EC
FO
GO
10
KO
K1
K2
K3
K&
K5
K6
K7
K10
K11l
K12
K20
K21
K22
K30
K31
K&l
K42
K43
Ké&4
K&5
K46
K47
K48
K51
K52
K53
K54
LO
L1
L2
L3
L&
L5
Lé
L7
L8
LS
L1O
L1l
MO
M1
M2

FREE
FREE
FREE
FREE
FREE
FREE
FREE

VARIABLE
VARIABLE
VARIABLE
VARIABLE
VARITARBRLE
VARIABLE
VARIABLE
LOGICAL CONNECTIVE

-A-.
—B"o
=C=-o»
~D-
~-F~.
-F""o
-G~

SYMBOL. FCR CHARACTER K

HOLDS
HOLDS
HOLDS
HOLDS
HOLDS
HOLDS
HCOLDS

PREVIOUS SUBPROBLEM

—0OR~-e
-NOT-
=AND~-
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-IMPLIES-

~PROVEN EQUIVALENCE-
-DEFINITIONAL EQUIVALENCES.

-IMPLIES-

DELIMIER SYMEQL FOR DELIMITAEBLE CHARACTERS,

SUBSTITUTICN COUNT.

{AND TOTAL) .
OF SUBPROBLEMS.
OF SuUBSTITUTIONS.

EFFOR
LIMIT
LIMIT
LIMIT
HOLDS
HOLDS
DeTe
D'T.
D.T.
DeTe
DeTe
DeTe
D.T.
D.T.
DATA
DATA
DATA
DATA

T BASE
CN NO
ON NO

ON EFFORT.

RO IF

YC IF
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
COLUMN
TERM
TERM
TERM
TERM

NUMBER

(CATA TERM)

PROVED THEOREMS ARE TC BE REMEMBEREDS
REJECTED SUBPROBLEMS ARE TO BE PRINTED.
METHCDS IN PRCOF SEQUENCES.

FCR
FCR
FOR
FOR
FOR
FOR
FOR
FCR

vV
')I

1yt

PRINTING
PRINTING
PRINTING
PRINTING
PRINTING
PRINTING
PRINTING
PRINTING

SYMBOL FOR CHARACTER Le

LIST OF TRUE EXPRESSIONS.

LIST OF FREE VARIAGLES.

LIST OF UNPROVED EXPRESSIONS.
LIST STRUCTURE MAP OF ALL TRUE EXPRESSICNS

NAMES

EXPRESSIONS

PLIMITY
*ACTUAL?

IN PRCOF SEQUENCES.
IN PROOF SEQU

NCESe

*REJECTED SUBPROILEM! .
NAME OF NEW SUBPROBLEM.

*THECREM,

{AXTOMS,

METHOD!

DEFINITIONS,

(PROBLEMS)

CF NEW PRCBLEMS.

THECREMS)

HOLDS LIST STRUCTURE MAP OF TRUE EXPRESSIONS.

LIST OF sPECIAL METHODS FOR
LIST OF REGULAR METHODS FOR ALL PROBLEMS.

ORIGINAL

PROBLEMS.

DESCRIPTION LIST TABLE OF DELIMITABLE CHARACTERS.

DESCRIPTION LIST TABLE OF CHARACTER SYMBOLS FOR READING TEXT.
LIST OF UNTRIEC PROBLEMS.

LIST OF FOUND PROBLEMS.
SYMBOL FOR CHARACTER M.
SINGLE PROBLEM

EXEUTIVE FOR PROBLEM
MULTIPLE PROBLEM EXECUTIVE FOR LIST

ACQOVC0O
BOOOVQOOO
CCOCVCOoO0
DOOOVQOO
ECOOVO00
FOOOVQO0O
GOOOV000
1000VO0O00
KQO0VD0o0
KO0O1lVvVooQe
KOoo2vooce
K0O03V0C0
K004V0O0O0
KO05V000
KCo6V0o0C
KCo7Vv0200C
K0O10V000
KC11lvQoo
K012V0200
KG20VQ00
K021VGgoo
K022V20Q
KO20VvC0o0
KO31V0oo0
KQ41Vo0oo
KO&42V0o0
K043VC0C
KO&44avVQooc
KO&45v000
KQ4a6vVCeOe
Ko&47V000
KO48VCCQ
KG21VCeoC
KC52vQe00
KO53VQoo
K354V0C00
LOOOVCCO
LOoC1IVOoOoC
Lecca2veoo
LOC3V00O0
LO0O4VO00O
LO05V0O00D
L0O06V0IQ
LOO7TVOQRD
L008VCO0
LOO9V0OO
LC10VQO00
LO11VoOoC
MOQ0OVCO0Q
MOC1V0O0C
MO02VQQ00



Mz
M7
M8
M1l1

M12

M13

M14

M15

M16

M19

M40
M4l
M42

M43
M50
M51
M54
M60

M62
M63

M70
M71
M72
M73
M74
M75
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SET-UP FOR NEW PROBLEM,

APPLY METHODS (1) TO PROBLEM (0}s ERASE (1)
CREATE A LIST OF METHODS FORXR PROBLEM (C)e
DETACHMENT METHOD FOR PROBLENM (C)e SETS H5+ AND OQUTPUTS
SUCCESSFUL SUBPROBLEM IF SOLUTION IS FOUNDe SETS H5- IF
NO SOLUTION. ADDS GOOD NEW SUBPROBLEMS TCO UNTRIED LISTe.
SUBSTITUTION METHOD FOR PROBLEM (0)e SETS H5+ AND OUTPUTS
SUCCESSFUL SUBPROBLEM IF SCLUTION IS FOUND.

SETS H5- IF NO OUTPUT.
REPLACEMENT METHCD FOR SuUBPRGBLEM
SUCCESSFUL SUBPROBLEM 1F SOLUTION
NO SCLUTION. ADDS GOCD NEW SUBPROBLEMS
FORWARD CHAINING METHOD FOR PROBLEM (0). SETS H5+ AND QUTPUTS
SUCCESSFUL SUBPROBLEM IF SOLUTION IS FOUNDe SETS H5- IF

NO SOLUTION. ADDS GOCD NEW SUBPROBLEMS TO UNTRIED LIST.
BACKWARD CHAINING METHOD FOR PROBLEM (0)e SETS H5+ AND
QUTPUTS SUCCESSFUL SUBPROBLEM IF SOLUTION IS FOUNDe SETS H3-
IF NO SOLUTION. ADDS GOOD NEW SUSPROBLEMS TO UNTRIED LIST.
SUBLEVEL REPLACEMENT METHOD FOR PROBLEM (0)e SETS H5+

AND OUTPUTS SUCCESSFUL SUBPROBLEM IFf SOLUTION IS FOUND.

WHEN THRU.

{0)e SETS HS+ AND QUTPUTS
IS FOUNDe SETS H5- IF
TO UNTRIED LIST,

SETS H5=- IF NO SCLUTION. ADDS GOOD NEW SUBPROBLEMS TO
UNTRIED LISTe M16 TRIES FOR A SUBPROBLEM AT EACH SUBLEVEL
OF PROBLEM (O},

SUBLEVEL REPLACEMENT METHOD FOR PROBLEM (0)e SETS HO+

AND QUTPUTS SUCCESSFUL SUBPROBLEM IF SCLUTION IS FOUND.
SETS H5- IF NO SOLUTION. ADDS GOOD NEW SUBPRCBLEMS 70O
UNTRIED LISTe M17 TRIES FOR ONLY ONE SUBPRCBLEM BY TRYING
REPLACEMENT ON ALL SUBLEVELSe
FINISH BUILDING NEW SUBPROBLEM
VIA THEOREM (1) BY METHOD(O).
H5- MEANS NEW TEX WAS ERASED DUE TO LOw UTILITY.

H5+ MEANS QUTPUT TEX (0) HAS SATISFACTORY UTILITY.

TEST MATCH OF TOTAL EXPRESSIONS (0)s (1) WITHOUT SUBSTITUTION.
TEST MATCH OF SEGMENTS (0)s(1) WITHOUT SUBSTITUTION.

ADD PROBLEM{O) TO FOUND PROBLEMS LIST IF CAN.

H5- MEANS THIS PROBLEM WAS PREVICUSLY FOUND.

MEASURE UTILITY OF (0)e HS5+ IF GOCDs HS5- IF NO GOOD.

ADD TRUE EXPRESSICN (0) TO TRUFE EXPRESSIONS LIST AND MAF.

ADD PROBLEM (0} TO UNTRIED PROBLEMS LIST.

ADD EXPRESSION (0) TC MAP OF TRJE EXPRESSIONS.

FIND AND REMOVE NEXT UNTRIED SUBPROBLEM ON UNTRIED LIST.

H5~- MEANS NO SUBPROBLEM ON LIST AND NO OUTPUT.

CREATE A LIST OF FEASIBLE MATCHES FOR SEGMENT (0) FROM
CREATE A LIST OF FEASIBLE MATCHES FOR TOTAL EXPRESSION
FROM MAP (0}

PRINT EXPRESSION (0)e

PRINT PROOF SEQUENCE WITH SUCCESSFUL SUBPROBLEM
PRINT FAILURE TO FIND PROOF.

TEX (3) FROM (2)

MAP
(1)

(0)e

ENTER SEGMENT (0},
ENTER TOTAL EXPRESSION (0).
PRINT NEwW SUBPROBLEM (0.

{(1)e

MOO3V0Q20
MOOT7V000
MOQOBVOOOQ
M0O11V000
MO11VQ01l0
M011V020
MO1l2vo00
MC12VQ010
Moi2vQe20
M013VC00
MO12VQ010
M013V020
MO14V000
MO14VQ1l0
MO14V020
MO15V0200
MO15V010
MO15V0290
MO16VQO0C
MOleVC1O
MO16V(0Z0
MO16V030
MO16V040
MO17V000
MO17vol0
M317V020
MO17V030
MO17Vv040
MOlgevoce
MO19V(Q1l0
MO19VQo20
MO19V030
MQ&40OV0OOQOO
MO41VC00
M042V0202
MO42VQ21C
MO43VCCO
MC50VC00
M051V00C
MC54VvC00
MOEOVQOOO
MO60OVC10
MO62V0O00
MO63VC0C
MO63V010
MOT70V0QOD
MO71VCO00
MOT72V0QR0
MO73V000
MOT74V000
MO75V0Q0



M76
M77
M78
M79
M80
M81
M82
Mg8
M89

M90
M110

M111

M112
M113
M11l4

M115
M116

M117

NO
N1
N2
N3
N&
N5
N6
N7
N8
N9
N10
00
PO
P2
P3
P4

P5
P6
P7
P8
P9
P12
P13
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LIST OF DATA TERMS (0).

CURRENT STATUS OF LIMITS.

TO PROVE PROBLEM (0}

NAME OF (0)e USE EXTERNAL NAME IF CAN.

PROOF LINE FOR METHOD (0) AND TEX (1)

REJECTED PROBLEM.

PRINT 'REMEMBER PROVED THEOREM!

PRINT LIST FORM EXPRESSION (0)e

READ NEXT LOGIC EXPRESSION FROM UNIT 1wl8.

H5-MEANS NONE THERE.

TEST IF A LIMIT HAS BEEN REACHED.

MAKE FREE VARIABLES OF TOTAL EXPRESSIONS (0)s (1)

SUBSTITUTES NEW VARIAELES IN (1) AS REQUIRED.

MATCH SEGMENTS (C)s{l) WITH SUBSTITUTION AS REQUIRED.

H5+ MEANS OUTPUT (0) IS A SUBSTITUTION LIST OF PAIRS,
15T IS A FREE VARIABLEs 2ND IS ITS SUBSTITUTOR.

EXPAND SUBSTITUTION LIST (0}

ENTER
PRINT
PRINT
ENTER
PRINT
PRINT

DISJOINT.

MCT76V000
MQ77V000
MO78V(000
MC79V0Q0
M080V0D0
MQOB81IVDO0O
MQ82V000
M0O88VQ000
MQ089V000
MO8SVO1l0
MO90VDOO0
M110V000
M110VO10
M111VO000
M111lVQloO
M111V02¢C
M112V000

REPLACE EXPRESSIONS WITH COMPLETELY SUBSTITUTED LOCAL COPIES.M112V010

MATCH SEGMENTS (C)s{1l) WITH SUBSTITUTION AS REQUIRED.
H5+ MEANS QUTPUT (C) IS EXPANDED SUBSTITUTICN LIST.
MATCH SEGMENTS (C)s(1) WITH SUBSTITUTION AS REQUIRED.
NO OUTPUTs H5- MEANS THE MATCH FAILED.

SUBSTITUTE IN SEGMENT (0) FROM SUBSTITUTION LIST
CREATE LIST OF FREE VARIABLES IN TOTAL EXPRESSION
H5~ MEANS NO OQUTPUT.

CREATE LIST OF BOUND VARIABLES
H5- MEANS NO OUT PUT.

SYMBOL FOR CHARACTER No
INTEGER DATA TERM
INTEGER DATA TERM
INTEGER DATA TERM
INTEGER DATA TERM
INTEGER DATA TERM
INTEGER DATA TERM
INTEGER DATA TERM
INTEGER DATA TERM
INTEGER DATA TERM
INTEGER DATA TERM
SYMBCL FOR CHARACTER Q.

VARIABLE TERM -P-

TEST IF (0) Is A BOUND VARIABLE.

CLEAR DESCRIPTIONS OF EXPRESSION (Q).

GO THRU NOTS CF SEGMENT (0)e LEAVE FIRST UNNOTTED
H5- MEANS NO CUTPUT DUE TO FAULTY EXPRESSION.
TEST IF MAIN CONNECTIVE OF EXPRESSION (0) I35 -IMPLIES-.
TEST IF CONNECTIVE (0) IS NON-UNARYe.

TEST IF (0) IS A CORNECTIVEC.

TEST IF (0) 1S VARIABLE TERM.

TEST IF (0) IS FREE VARIABLE.

FIND MAIN EXPRESSION OF TOTAL EXPRESSICON (0)e.

FIND LEFT SEGMENT OF TOTAL EXPRESSION (0).

(1)
(0)e

IN TOTAL EXPRESSION (0.

H o 1t 0 8 H 10
OO -JOWmE WN -

SEGMENT.

M113V0Ce0C
M113vClgQ
114V000
M114VQ1lQ
M115VoQe
M116VQO0C
M116V010
M117V(0C0
M117V010
NOCOVCOO
NOC1VCO0
Nog2veoe
NCO2V(000
NCOC&4VQL0
NQC5VCOC
NCCeVOOoC
NOGCT7VQO00
NCO8VCOO0
NOOSVOO00
NJ10V000
Q000V000
pPOOOVOOD
PQ02V0OO0O
POG3V0OO00
PO0O4VDOD
PO04VO1l0
pPoo5vooo
POO6VCOO
POOTVCOO
Foo8vooo
POO9V(000
P0O12V000
Po13voo0



P14
P15
P16
P17
P18
P19
P20

P21
P22

P23
P24
P25
P26

P27
P28
P29
P30
P31
P50

Qo
Q1
Q2
Q3
Q4
Q5
@6
Q7
Q8
Q9
Q10
Q11
Q12
@13
Q14
215
316
Q17
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FIND RIGHT SEGMENT CF TOTAL EXPRESSION (0)e

TEST IF TOTAL EXPRESSION (0} IS IN TREE FORM.

FIND MAIN CONNECTIVE OF TOTAL EXPRESSION (0)e

COPY SEGMENT (0)e IF (0) 1S A VARIABLE, OQUTPUT THE
TEST IF (0) Is A CHARACTER SYMBOL.

GET APPROPRIATE CHARACTER SYMBOL FOR (Q).

MAKE LEFT SUBEXPRESSION OF EXPRESSICN (0) INTO EXPRESSION,
H5~ MEANS NC OUTPUT DUE TO FAULTY EXPRESSION.

MAKE RIGHT SUBEXPRESSION OF EXPRESSION (0) INTC EXPRESSION,
H5- MEANS NO OUTPUT DUE TO FAULTY EXPRESSION.

CREATE NEW PROBLEM WITH SEGMENT (0) AS LEFT SUBEXPRESSICN,
SEGMENT (1) AS RIGHT SUBEXPRESSIONs IMPLIES AS CORNECTIVE.
ERASE MADE EXPRESSION (0)e

MAKE SEGMENT (C) INTO A NEW TOTAL EXPRESSION.

COPY TEX (C) FOR SUBSTITUTION.

GENERATE LOCATICNS OF NON-VARTABLE SEGMENTS FROM

TOTAL EXPRESSION (1) AT THE LEVEL OF DATA TERMI(2)

FOR PROCESS (0).

REPLACE BOUND VARIABLES BY FREE VARIABLES IN TEX (0)e
GENERATE LOCATIONS OF FREE VARIABLES IN SEGMENT (1) FOR

INPUT.

GENERATE LOCATIONS OF BOUND VARIABLES IN SEGMENT (1) FOR ((Q).
CREATE LIST OF FREE VARIABLES IN EXPRESSION (0)e

CREATE LIST OF BOUND VARIABLES IN EXPRESSION (Q0)e.
CONVERT LOGIC EXPRESSION (0) TO INTERNAL TREE FORM IF 1IN
EXTERNAL FORMe. NO OUTPUTe H5- MEANS NO CONVERSION.
ENTIRE EXPRESSICN MUST BE PARENTHESIZED.

REPLACE ALL DELIMITED SYMBOLS IN EXPRESSION (0) IF

{C) IS IN LIST FORM.

CREATE A TREE FORM MAIN SEGMENT FRCM LIST FORM EXPRESSION
H5- MEANS NO OQUTPUT DUE TO A FAULTY INPUT EXPRESSICNe
LOCATE LIST FGLLOWING DATA TERM (0) ON LIST (1)

H5+ MEANS OUTFUT (0) IS CELL HOLDING SUBLIST.

H5—- MEANS OUTPUT (0) IS CELL AFTER WHICH TO INSERT.
VARIABLE TERM -Q-

FIND CONNECTIVE OF SEGMENT (0).

FIND NO« OF LEVELS OF EXPRESSION (C)e

FIND NOs OF DISTINCT VARIABLES OF EXPRESSION (0).

FIND NO. OF VARIABLE PLACES CF EXPRESSION (Q).
ATTRIBUTE~-~VARIABLE TERM.

ATTRIBUTE--FREE VARIABLE.

ATTRIBUTE--EXTERNAL NAME.,

FIND PROBLEM NO. OF EXPRESSION (Q)e

ATTRIBUTE--BOUND VARIABLE.

FIND PROBLEM EXPRESSICN (0) DERIVED FROM.

FIND METHOD OF DERIVATION FOR EXPRESSION (0)e

FIND THEOREM USED TO DERIVE PROBLEM (Q),

FIND PROVING THEOREM FOR PRCBLEM (0)e.

FIND TYPE OF CONNECTIVE (0)e.

ATTRIBUTE~~INTERNAL FCRM.

FIND EXTERNAL NAME OF (0) IN TABLE T1l0.

FIND CURRENT LEVEL OF SUBSEGMENT REPLACEMENT OF PROBLEM (0).

(G)e

(0)e

PO14V000
PO15voocC
PO16VCOC
PC17V000
PO18VOOO
PO19V0OO0O0
PO20V000
PO20OVC10
POZ1V0CO
pozivolc
P022V0Co
PO22VC10
PC23VCOC
PO24VCOC
PD25V000
PQZ26V0OCO
PO26V0O10
Po26VC20
PO27V000
PO28VCOQ
FO29Vv0D00
po3ovooo
PO21V000
PG50vooC
Po50VvQl10
pPo50ve20
PO51V0o00
PO51V010
P0O52V000
PO52V010
PO55V0Q0
P0O55V010
PO55V02¢C
QQC0o0Vvood
QoCclvooo
Qdc2veooe
GOC2VCoe
Q004V000
Q005V000
QCOEVCO00
QO07V0O0O0
Q008V00C
QoQo9vVeo0o
@oloveoo
G011Vveoo
Q012V0o00
QC13VvQ000
Q014V000
@015vo00
Q016V0GO
QO17vV0Co
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Q18 FIND SUFFIX OF EXPRESSION (G)o QC18veoo
Q19 FIND APPROPRIATE CHARACTER SYMBOL FCOR (Q2). Q019v009D
RO VARIABLE TERM =-R- ROGOVQO0Q
SO VARIABLE TERM -S- 5000V000
T0 VARIABLE TERM -T- TOCOVDO00
T1 TEXT LIST *GIVEN! TOC1VCO00
T2 TEXT LIST *PROCF FOUND! TO02VC0O0
T3 TEXT LIST *SUBSTITUTION? TOO2VCO0O
T4 TEXT LIST 'QeEeDe TO04VOOO0
T5 TEXT LIST OF 5 BLANK CHARACTERS. TOO5VG00
T6 TEXT LIST tNO PROCF FOUND! T006V000
T7 TEXT LIST tEFFORT! TOC7V00O
T8 TEXT LIST *SUBPROBLEMS! T008VQOOO
T9 TEXT LIST *SUBSTITUTIONS! TOO9VOO0O
T10 DESCRIPTION LIST TABLE OF NAMES. TC10V00O
T12 TEXT LIST 'DETACHMENT! T012Vv000
T13 TEXT LIST tREPLACEMENT! T013V2CC
T14 TEXT LIST *'FORWARD CHAINING! T0O14VQ0D
T15 TEXT LIST *BACKWARD CHAINING! TC15V000
T16 TEXT LIST *SUBLEVEL REPLACEMENT? TO16VOCO
T19 TEXT LIST tREJECTED PROBLEM! TC15V000
T20 TEXT LIST tACTUAL? T0O20VCCO
T21 TEXT LIST *LIMIT! TQ21V0CO
T22 TEXT LIST *T0 PROVI! TC22VC00
T23 TEXT LIST 'REMEMBER PROVED THEOREM! T023Vv000
T24 TEXT LIST *'BAD EXPRESSION! T024V000
uo SYMBOL FOR CHARACTER U uoQoveoo
vC LOGICAL CONNECTIVE =-OR- ccoveoo
XC SYMBCL FOR C(HARACTER X X000V0O00
X1 RUN EXECUTIVE X001lvooce
X9 SAVE AND CONTINUE EXECUTIVE. XC09Vooo
X21 LIST OF ROUTINES TG BE MARKED TO TRACE. X021V000
X22 LIST OF ROUTINES TO BE MARKED TO PRCPAGATE TRACE. X022v000
X23 DESCRITION LIST OF TRAP ACTIONSe (ATTRIBUTE/VALUE PAIRS) X023V0CO
YO SYMBCL FOR CHARACTER Ya YQO0OVQo0o0o
20 SYMBOL FOR CHARACTER Z. 20C00V20C
= LOGICAL CONNECTIVE ~PROVEN EGUIVALENCE- =000VCQCO
= LOGICAL CONNECTIVE -DEFINITICNAL EGUIVALENCE-~ =001Vv000
-0 LOGICAL CONNECTIVE -NOT- -0002V000
*0 LOGICAL CONNECTIVE -AND- *000V0QO0
LR¢ SYMBOL FOR QUOTE MARK. 'Q00V000
G SYMBOL FOR PERIOD. «000VCOC
)0 SYMBOL FOR RIGHT PAREN. ) 300V000
/0 SYMBCOL FOR SLASH. /000V000
/1 SYMBCL FOR DIGIT 1. /0C1veceo
/2 SYMBOL FOR DIGIT 2. /C002V000
/3 SYMBOL FOR DIGIT 3. /003V000
/4 SYMBOL FOR DIGIT 4. /004V000
/5 SYMBOL FOR DIGIT 5. /005V200
/6 SYMBOL FOR DIGIT 6 /006VC00

/7 SYMBOL FOR DIGIT 7. /C007VC00



/8
/9
/10
/11
/12
/13
/14
/16
s 0
(¢
+0
$0

SYMBOL
SYMBOL
sYMsOL
SYMBOL
SYMBOL
SYMBOL

FOR
FOR
FOR
FOR
FOR
FOR

DIGIT B
DIGIT 9.

DIGIT 0.

CHARACTER He
CHARACTER Jo
CHARACTER We
DUMMY CHARACTER SYMBOL
DUMMY EXPRESION TO SUPPLY TEXT

SYMBOL FOR COMMA.

SYMBOL FOR LEFT PARENe
SYMBOL FOR PLUS SIGNe
SYMBOL FOR DOLLAR SIGN.
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WITH EXTERNAL NAME
tTHE DEFINITIONS!

/008V000
/009V000
/010V000
/011V000
/012vQ00
/013Vv000
/014V000
/016V000
»0COVD00
{C0o0OVeacl
+000VG0o0
$C0O0VCOC0



documented in the comment fields to enable students to

XV.
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COMPLETE PROGRAM LISTING

The program listing has been carefully and extensively

work directly from it.

JOB 8168 L TNEW1sEASB26s5MINs0s093,C

ASSIGN A6=SYSARZ2
ASSIGN B6=SYSAR3

IPL
LOGIC THEORIST

(IPL=-V)

NN NNNNNDNDMNNNNNNONNNN NN NN PN RPN NN NN NN Y

ICAR=QOMmMOON W I

O VD Z

% | N X << T AW

4+ N

- e o~

STEFFERUD

10
10
10
1C
10
10
10
10
100
5C

200

n
o

10
100
50
10
10
40
10C
10

[~
-

10
50
10
600
10
1¢C
20
10
10
10
10
10

coce
0000
06000C
0000
000¢C
0000
0000
coce
COCO
gcoee
3000
0000
0000
ccooco
0000
00GG
0000
0000
0000
0000
ccoe
gQco

Il
0QCce

000C
000¢C
0000
0000
Co0o
0cco
0000
0coc
0000
03000

coce
010
020
c30
c4C
050
060
a7¢
08¢
£SC
10¢C
110
120
130
14¢C
150
160
170
180
190
200
210
220
230
240
260
270
28¢C
290
300
310
320
330



PROGRAM HEADER
M1 SINGLE PRCBLEM
PROBLEM (0)e« H5 +

EXECUTIVE FOR
IF SUCCEEDS.

TEST UTILITY.
IF NO GCODs QUITe

PRINT *'TO PROVE' PROBLEM 1WOe
TRY SUBSTITUTION,

IF WORKED, PRINT PROQOF.
CREATE LIST OF METHODS FOR PROB.
APPLY METHODS.

IF PROOF FOUNDs PRINT
TEST IF ANY LIMITS EXCEEDED.
IF YESs QUIT,
FIND NEXT SUBPROBLEM.

IF NONEs GUIT.

IF ONE,
PRINT SUBPROBLEM,
PRINT PROCF FRCi

AND QUIT +.
PRINT FAILURE, QUIT

ITa

TRY METHODSS
(0) e

PRINT REJECTEC PROBLEM
AND QUIT -~

MZ MULTIPLE PRCBLEM EXECUTIVE.
GENERATE PROBLEMS FOR PROOF .

(TREE) FORMo
ERROR ACTIONS

CCNVERT TO INTERNAL
IF FAILEDs TAKE

IF REMEMBERING.
FOR Mle

TEST
INPUT PRCBLEM

TRY FOR PROOF TC BE REMEMBERED,
H5— MEANS NC PROCF FOUND.

PRINT * REMEMBER PROVED THEOREM?
ADD TO TRUE EXPRESSIONS LIST.
TRY FOR PROOF TO BE FORGOTTEN.
CLEAN UP W0Os H5+ FOR GENe
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M1

6-100

9-101
9-102
9-1C3

M3
4OW0
60WC

M43
7094
11W0

M78
11W0

M12
70
11W0

v8
11W0

M7
70

M90
70

M6&0
709-3
60W0

M70

M71
30W0

M72
11WC

M8 1
30W0

10L3
109-100
J10Q
J50
11WC
P50
709-103
11K30
10R
J2
11W0
709-101
M1
709-102
11W0
MB82
M50
M1
30W0
11WC
ME 8

(]

9-102
J&

9-102

1wW0=PRCB

R -
MOO1RQ0O
MCO1RC1O0
MOCQ1RC20
MOC1R030
MOO1RC4O
MOQ1RO050
MCO1RCED
MOO1RC70
MOC1R080
MOO1RC90
MOO1R100
MOO1R110
MOO1R12C
MCC1R130
MOC1R140
MOO1R150
MOO1R160
MOO1R170
MOQ1R180
MOC1R190
MCO1R200
MCO1RZ21C
MOO1R22C
MOO1R230
MOQ1R240
MOC1R250
MOO1R260Q
R
MOD2ROGC
MO0O2RC10
MO0O2R0O20
MO0Q2KRC3C
MQOO2R0Q40
MOQ2R05Q
MOC2ZRCS5
MOO2Z2RC60
MOQZRQT0
MOC2R(C80
MOQ2R090
MC0D2R100
MOOZ2R110
MOO2R120
MQC2R130
MQQ2R135
MO02R140
MO0O2R150
MQO2R160
MOO2R170
MOO2R180



#3 SET UP FCR NEW PROBLEM,

CLEAR UNTRIED PRCBLEMS LISTe

CLEAR FOUND PROBLEMS LIST.
CLEAR PREVIOUS PROBLEM NUMBER.

CLEAR SUBSTITUTICNS COUNT.

SET EFFORT BASE.

M7 APPLY METHCDS (1) TO PROBLEM
(0)s ERASE LIST (1) WHEN THRU.
H5+ MEANS CUTPUT (0} IS SOL'N.
H5— MEANS NG OUTPUTs NC SCOL'N.

IF NO PROOFs ERASE METHOD LIST.

ELSE SAVE PROOF AND ERASE LIST.

9~10C SUBPROCESSs APPLY METHGD (0)
TO PROBLEM 1WOe

REVERSE H5 FOR CGENERATOR.

M8 CREATE METHCD LIST FOR (0)e
COPY REGULAR LIST.

TEST IF ORIGINAL PROBLEM.
IF NOTs NO SPECIAL METHODS.
IF YESS

CCOPY SPECIAL LISTS
INSERT AFTER HEAD CF REGULAR LIST.
SET UP OQUTPUT AND QUITe

M11 DETACHMENT METHOD FOR PROB (C).
ADD NEwW SUBPRCBLEMS TO UNTRIED

LIST IF CAN.
HS+ MEANS QUTPUT (0) IS A
SOLUTIONe

HS5— MEANS NO SCLUTIONs NOC OQUTPT

FIND IMPLIES MAPS.

FIND MAP OF RIGHT SIDES OF MAIN
CCNNECTIVE IMPLIES.
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M7

M8

1
M11

10L10
J75
J72
10L11
J75
J72
10K1¢C
J124
50K11
Jilza
50H3
10K12
J121 Js8

J50
40HO
109-10C0
J100
J5
30W0
70J71
Jé J71
11w0
Jé
J1 J5

10L7

J73

J450

J130
709-1
11w
10L6

J73

J76
51w0 430
11w0 J30

J45
60W1
JB81
70435
60WC
50L5
11Ké
J10
70435
J82
70J35
11W1

1wW1=PRCE

R
MCO3R00O0
MCO3R0O10
MO03RC20
MOO2R030
MCO3RC40
MOG3R050
MOO3R06&0
MOO3RO70
MOOC3R080
MOO3R0OS0
MQ0O3R100
MOO3R110
MOO3R120

R
MOOT7R0O0O0
MOC7R0O10
MCOT7R020
MOO7R030
MQQ7RC35
MQOC7R040
MOOTRQ45
MOO7RC50
MOGT7R0O60
MOCT7RO70
MOCT7R080

R
MOOBROOO
MO08RC10
MO08R0O2C
MOCBRO30
MOG8RQ40
MOQOBROS50
MOOQ8RO7C
MOOBR0OBO
MOO8R0O90
MOO8R100
MOO8R110

R
MO11R00O0
MO11RC10
MO11R020
MO11R030

1W0=PRBMEXM011RO040

MO11R050

1K6=IMPLY MO11RC60

MO11RO70
MO11R080
MO11R0SO
MO11R100
MO11R110



GETY LIST OF FEASIBLE THEOREMS.
SAVE LIST FOR ERASURE.

GENERATE FEASIBLE THEOREMS.

CLEAN UP AND
REVERSE H5 AFTER GENERATOR.
9-100 SUBPROCESS,

TRY PROCF wITh THEOREM (Q)e
MAKE FREE VARTABLES DISJUOINT
FIND RIGHT SUBSEGMENT OF THM

MATCH» MAKE THM RIGHT LIKE PROB.

FIND THM LEFT SUBSEGMENT.

MAKE NEW TEX FROM COPY OF ThHMLFT.
SUBSTITUTE INTC NEWTEX FROM (1)
ERASE SUBSTL.

ASSIGN DERIVATION

COMPLETE NEW SUBPROBLEM
DESCRIPTION AND MEASURE UTILITY.
H5- MEANS NEW FROBLEM WAS ERASED.
TRY SUBSTITUTIONs CUTPFUT SOL'N.

SUBSTITUTION METHOD FOR
PROBLEM (U)s H5+ MEANS
QUTPUT (0 IS A SOLUTION
H5—- MEANS NO OQUTPUT.

M12

TALLY SUBSTITUTION COUNTER.

GET A LIST OF FEASIBLE THEOREMS,.
SAVE THE LIST FOR ERASURE.
GENERATE THEOREMS,

ERASE LIST OF THEOREMS,

-132-

9-101

Mlz

J6
M6 3
60WS
109-1C0
J1oc
11W5
J71
Js
60W2
11wl
11W2
M11¢
Pl4
70J4
11W0
M113
70J4
60W3
11w2
P13
709-101
P17
P24
60W4
M115
9-101
11wa
11wl
11w2
10M11
M19
70J4
M12
11W3
J72

Ja3
60W1
Je1l
70J33
60WC
5CK11
J125
51wl
10L4
M63
60W3
109-1CC
J100
11wW2
J71

J35

J4

MO11R120
MO11R130
MO11R140
MO11R150
MO11R160
1w5=THMLSTMO11R170
MO11R180
MC11R19%90
MC11R200
MO11R210
MO11R220
MO11R230
MO11R240
MO11R250
MO11R260
MO11R270
MO11R280
1Ww3=SUBSTLMC11R290
MO11R300
MO11R310
{(0)=THMLFTMQ11R320
MO11R340
MO11R345
IW4=NEWTEXMO11R350
MO11R360
MO11R370
NEWPROBLEMMOL11R390
PROBLEM MO11R400
THECOREM MO11R410
MO11R420Q
M0O11R430
MO11R440
MO11R460
MO11R470
MC11R480
R
MC12R000C
M012R010
MO12RC20
MO12R0O30
1W0=PREMEXMO12R040
MO12R050
M012R060
MO12R070
MQ12R080
MO12R090
1W3=THMLSTMO012R100
MO12R110
MO12R120
M012R130
MO12R140

1W2=ThM

(1)=THMRT

1W1=PRORB
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CLEAN-UP AND REVERSE H5.
$-100 SUBPROCESSs TRY PROBLEM
1wW0 WITH THECREM (0).

MEX 9-120

MAKE FREE VARIABLES DISJUOINT.
FIND MAIN EXPRESSION OF THEOREM.

TEST FOR MATCH.,.
1F H5-»s SET + FOR GENERATCR,

CTHERWISE ASSIGN PROCF
AND CUTPUT SUCCESSFUL PROBLEM 1wl
AS SOLUTION. QGUIT WITH HS5- FOR GEN.
1
M13 REPLACEMENT METHCD FOR PRCB (0)
ADD NEW SUBPROBLEMS TO UNTRIED
LIST 1IF CAN.
HS5+ MEANS OQUTPUT
SCLUTIGCN.
H5— MEANS NO SCL'Ns NO

M13

(0) IS A
QUTPUT.

FIND DEFINITIONAL EQUIVALENCE MAPS.

FIND MAP OF LEFT SIDES OF DEFEQ.

GET LIST OF FEASIBLE DEFINITIONS.
SAVE LIST FOR ERASURES
TRY LEFT SIDES.
GENERATE FEASIBLE DEFINITIONS.
ERASE FEASIBLES LIST.
REVERSE H5 FRCM GENERATCR.
QUIT IF PROOF IN HCs OR TRY RIGHTS.
9-10

FIND MAP OF RIGHT SIDES OF DEFEQ.

GET LIST OF FEASIBLE DEFINITIONS.
SAVE LIST,.

TRY RIGHT SIDES.

GENERATE FEASISLE DEFINITIONS.

ERASE FEASIBLES LI5Te
REVERSE H5s CLEAN UP AND QUIT.

TRY LEFT SIDE OF (0) W/1WQ. 9-100

J33 J5
60W2
11wl
11wW2
M11C
J81l
70J4
11W0
Ml1l4
70J4
11wl
11W2
10013
J11
11wl J3

J&e
60wl
JE1
70J36
60WC
50L9%
11K5
J1o
70436
60W5
J&1
7C09~-10
11wl
J6é
M6 3
60W6
109-100
J100
11Wé
JT1
J5
709-10
11WS
JB82
70436
11W1
Jb6
M63
60W6
109-200
J100o
11wWé
J71
J5 J36
60W2

J3eé

142=THM

1Ww1=PROB

MO12R150
MO12R160
MO12R170
MO12R180
MO12R190
M0O12R200
MO12R210
M0O12R220
M012R230
M012R240
MO12R250
MO12R260
MQO12R270
M012R280
MQ12R290
R
MC13RCOO
MO13R010
MO13R020C
MO13R030

1WO=PREMEXMO13R040

1L5=L4
1K5=DEFEQ

MO132R050
MO13R060
MO13RC70
MC13R080

1w5=DEFMPSMO13R0G0

1w6=FSBLS

1w2=DEF

MO13R100
MO13R11C
MC13R120
MO13R130
M0O13R140
MO13R150
MO13R1690
MO13R170
MO13R180
M0O13R190
MO13R200
MO13R210
MO13R220
M0O13R230
MC13R24C
M013R250
MQO13R260
MO13R270
MO13R280
MO13R290
MO13R300
MQ13R310
MO13R320
MCO13R330
MO13R340



MAKE FREE VARIABLES DISJOINT.
FIND LEFT SuUB SEG OF DEF.

MATC

Hoy

MAKE DEF LIKE PROB IF CAN.

FIND RIGHT SIDE OF DEFINITICN.

ERAS

IF NONE>
E SUBST.

LIST,

TRY RIGHT SIDE OF

MAKE

MATC

FIND

ERAS

QUIT + F
{(0)Y W/1WO

OR GEN.

FREE VARIABLES DISJOINT.
FIND RIGHT SUB SEG OF DEF.

Hey

LEFT
IF NONEs
E SUBST.

LIST,

MAKE SUBPROB FROM
WITH SUBSTITUTION LIST

SUBS

TITUTE

ASSIGN DERIVATICN,
MEASURE UTILITY, £

TRY

SUBSTITUT

ION s

MAKE DEF LIKE PROB 1

QUIT + F
SEGMENT

INTO NEWTEX FROM

ACD FOUN
RASE

H5+ CUTPU

ERASE SUBSTITUTION LIST.

F CANe

SIDE OF DEFINITION.

OR GEN.
G
(1)

SUBSTL .

D LIST,

IF NO GOOD.

T PROOF .

M14 FORWARD CHAINING METHOD FOR

PROBLEM

SOLUTIONS

H5- MEANS NO
FIND MAIN CONNECTIVE

Ule A
TO UNTRIED LIST
H5+ MEANS OQUTPUT

ODS NEW S
1F CAN.
(0) IS

SOLUTIONS

OF PRO

UBPROBS

NO CUTPT
Be
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9-2

ae

11wl
11W2
M110
P13
70J4
11W0
M113
70J4
60W3
11wz
P14
7C
J72
60W2
11W1
11w2
Mi1loQ
Pla
7044
11W0
M112
70J4
60W?32
11w2
P13
70
J72
P17
P24
60W4
M115
8-3C1
11wW4
11wl
11W2
10M13
M19
T0J4
M12
11W3
J72

9-300
J4

9~-300
J&

J5

Ja

Jas
60W1

P13
70J34
609-1
51W1

P16
70434
10L5

MC13R350
MO13R360
MO13R370
M0O13R380
MO13R290
MO13R400
MO13R410
MO13R420

1W3=SUBSTLMO13R430

1w2=DEF

MO13R440
MQO13R445
M0O13R450
M013R455
MO13R460
MO13R470
M0O13R480
MO13R490
MO13R500
MO13R510
MO13R520
MO13R530
M0O13R540

1W3=SUBSTLMO13R550

MO13R560C
MO13R565
M0O13R570
MO13R575
MC13R580
MO13R590

l1Wwa=NEWTEXMO13R600

1wl=PROB

MO132R610
MO13R620
MO13R630
MO13R640C
MO13R65C
MO13RE60
MO13R670
MO13R680
M0O13R700
MC13R710
MQ13R720
R
MO14R000
MO14R010
MO14R020
MO14R0O30
MO14R0O4C
MO14R050
MC14R0O60
MO14R0O70
M0O14R08D
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FIND APPROPRIATE THEOREM MAPS.

FIND MAP OF LEFT SIDES.

INPUT FAKE TEX.

GET FEASIBLE THEOREM LEFT SIDES.
TRY FEASIBLE THM LEFTS WITH
PRCBLEM LEFTe GENERATE FSRBLS.

ERASE LIST OF FEASIBLES.

9-1 HOLDS MEX.

FAKE TEX o o @ 9~C
TRY LEFT SIDES. §-100

$-100 SUBPROCESSS

MAKE FREE VARIARLES DISUOINT.
FIND LEFT SEGMENT OF THM TEXs

INPUT PROB LEFT
MATCHs OQUTPUT LIST
wllLlL MAKE THM LIKE

CF SUBSTITUTIONS
PROB IF CANe

FIND RIGHT SIDE OF PRCB

FIND RIGHT SIDE OF THEOREM.

CREATE NEW TEX WITH COPIES.

THM LEFTs PROB RIGHT.

SUBSTITUTE INTO NEW TEX.
ERASE SUBSTLe

ASSIGN DERIVATICNL,ADD TC FOUND LIST
MEASURE UTILITY, ERASE IF NQCs GOCDe.
TRY SUBSTITUTIONs H5+ QUTPUT PROOF.

9-102
ERASE SUBSTITUTION LIST. ©-101
1
M15 BACKWARD CHAINING METHOD FCR M15

ADDS NEW SUBPROBS
IF CAN.

PROBLEM (0).
TCO UNTRIED LIST

J6
J10
70J34
JB81
T0J34
10%8-0
Jb
M6 2
60W0
109-100
J100C
11w3
J71
JS
G
50W2
11wl
11W2
M110
P13
7044
119-1
MI13
7CJ4
60W3
51W1
Pla
709-101
11W2
P14
706~1C2
P22
6CNG
11wW3
JE
M115
9-1C1
llwé
11W1
11wW2
10M14
M19
70J4
M12
30HC
11wW3
J72

Jbk
60W1
Pls

J5

Ja

1W2=THM
1W1=PROB

e8]

U

—
=
w
it
wn

MO14RC90
MO14R100
MO14R110Q
MO14R120C
MO14R130
MO14R140
MO14R150
MD14R16C
MO14R170
MO14R18C
MO14R1IS0
MO14R200
MO14R210C
MQ14R22C
MO14R230
MO14R24C
MO14R250
MO14R260
MO14R270
MO14R28¢C
MO14R2S0
MO14R300
MO14R31C
MO14R320

STLMC14R330

MO14R340
MO14R250
MO14R260
MO14R270
MO14R3280
MO14R392
M014R400

1Wa=NEWTEXMO14R405

1W1=PRCB

MO14R41C
MO14R420
MO14R420
MG14R51C
MO14RE20
MO14R530
MO14R540
MO14R550
M0O14R560
MQ14R570
M014R590
M014R60C
MO14R610
MO14R620
R
MO015RC00
MO15RC10
MC15Rc2¢C



H5+ MEANS CUTPUT (3) IS A
SOLUTION.
H5= MEANS NO SOLUTIONs NO QUTFT

FIND APPROPRIATE MAPS.

FIND MAP OF RIGHT SIDES.

GET FEASIBLE THEOREM RIGHT SIDES.

TRY FEASIBLE THM RIGHTS WITH
PROBLEM RIGHT. GENERATE FSBLS.

ERASE LIST OF FEASIBLES.

9-1 HOLDS MEXe
TRY RIGHT SIDES.

FAKE TEX o o
9-10C SUBPROCESSS

MAKE FREE VARIABLES DISJOINT.
FIND RIGHT SEGMENT OF THM TEX.

INPUT PROB RIGHT.
MATCHs OUTPUT LIST
WILL MAKE THM LIKE

OF SUBSTITUTIONS
PRO3 IF CAN.

FIND LEFT SIDE OF THEOREM.

FIND LEFT SIDE OF PROBLEM.

CREATE NEW TEX WITH COPIES.

PROB CN LEFT, THM ON RIGHT.

SUBSTITUTE INTO NEW TEX.

ERASE SUBSTL.

ASSIGN DERIVATIONSADD TG FOUND LIST
MEASURE UTILITYs ERASE IF NO GOOD.
TRY SUBSTITUTIONs HS5+ OUTPJT PROOF.

ERASE SUBSTITUTION LIST,.

[
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O
No JN O

0N

oy O

[0 3%, BN IRV
—

I

J10
70J3¢4
JB82
70J34
109-0
Jé
M63
60WO0
109-109
J100
11W0
J71
J5s

709~-102
p22
60W4L
11W3
Jé
M115
9-101
11W4
11W1
11wz
10M15
M19
7044
M12
9-102 390HC
9~101 11W3
J72

MOISRC30
9-0=FAKTEXMCZ15RG4D
L5 1S MAP MO15R050
1Ké6=IMPLY MO15R060
MQ15R070
MO15RC80
MO15R090
MG15R100
MGLER110
MO15R120
MC15R130
MO15R140
MO15R1590
MO15R1560
MO15R170
MO15R180
MO15R190
MO15R200
MCO15R210
MC15R220
MO15R23¢C
MO15R240
MQ15R250
MC15R260
MO1ER27C
“MO15R28¢0
MO15RZG0
1w3=SUB3TLMO1I5R20D

MO15R31¢C

I1WO=FSBLS

1W2=THM

MC15RZ40
MC15R350
MO15R36¢
MO15k37C
1Ws=NEWTEXMO1ER375
MO15R380
MOL15R3290
MO15R&400
MO15R480
MO15R490
MO15R500
MO15R510
MO15R520
MO15R530
MO15R540
MO15R560
MO15R570
MO15R580
MO15R590
R

J5

Ja
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M16 SUBLEVEL REPLACEMENT METHOD FOR M1lé
PROBLEM (01)e ADD ALL NEW
SUBPROBLEMS TO UNTRIED LIST.
H5-MEANS NO SOL'Ns NO OUTPUT,
H5+MEANS (C) IS A SOL'Ne

(M16 TRIES ONE LEVEL AT A TIME)

FIND MAP OF DEFe LEFT SIDES.

IF NONEs GUIT-.

FIND MAP OF DEF. RIGHT SIDES.
IF NONE» QUIT-.

CLEAR LEVEL
FIND LOWEST LEVEL
IF NONEs QUIT—-e IF

IN PROBLEM.
YES

BUMP 1W3, TEST IF GREATER THAMN 1. 9-3
IF NOTs QUIT-.
IF YES, ¢-1C
COPY PROBLEM FUR REPLACEMENT.

SETY'NEW SUBPROEBLEM FLAG!' TO NO.
GENERATE SEGMENT LOCATIONS.
EXECUTE *NEW SUBPRCBLEM FLAG!
IF YESs GO FINISH IT UP.
RUMP 1w2 AND TEST IF GREATER THAN 1
IF NCTs GO CLEAN UP, QUIT-.
IF GREATERs COPY 1W4 AND

ASSIGN COPY TO PROBLEM COPY.

LOOP FOR NEXT LEVEL.
ALL DONE>
FRASE LEFTOVER COPY, QUIT.
SET UP DERIVATICON ASSOCIATIONSS

AND

FINISH BUILDING THE NEW SUBPROBLEM.
IF NO GOOD, SET UP TO LOOP.
1F GOODs TRY SUBSTITUTION.
IF PROOFs QUIT+e 1F NOTs LOCOP.
$-20 SUBPROCESS--BUMP AND TEST Ei

!

20

Ju8
60WC
50L5%
11K5

J10
70438
60W2

Jgl
7CJ38
60W1
51W2

J82
70J38
6C0W2
51W0
40HO
10GQ17

J14

Q17
70J38
20%3

9-20
70J38
11W0

P25
E0W4
10J3
60WS
509-10¢C

P26
O1W5
70

9-20
709=-2

J120
1CQ17
11W4

J11
11W3
11wW4
11ws

J72
11wW4
11WC
10716
10M16

M19
709-3

M12
709-3
1C0N2

9-11

J38

J38

1wW0=PRCE

MC16RQOGC
MC16RC10
MO16R020
MO16R0O30
MO16R040
MC16R050
M016RC60
MO16ROT0
MQ16RCBO

IWI=LFTMAPMOI6RNOQ

1W2=RTMAP

MO16R10C
MO16R110
MO16R120
MC16R130
MO1ER140
MO16R142
MO16R145
MO16R148
MO16R1590
MC16R160

1W3=CURLEVMO16R165

1w&=CPROB

1WS5=FLAG

MO16R170
MO16R175
MO16R180
MO16R190
MO16R200
MC1E6R210
MC16R220
MO16R230
M216R240
MO16R250
MC16R260
MO16R270
M016R280C
MC16R290
MO16R300
MO16R310
MO16ER320
MO16R23¢C
M016R3240
MC16R350
MC1ER360
MO16R370
MQO16R380
MO16R390
MO16R400
MO16R410
MC16R420
MC16R430
MO16R4&440
MO16R47Q



IF 1wWw3 GREATER THAN 1.

TEST IF 1W3 GREATER THAN N2
IF NOs QUIT SUBPROCESS-—.
IF YES,

QUIT SUBPROCESS+.
FOR SUBSEGMENT
LCCATION (0).

SUBTRACT 1.
9-100 SUBPROCESS
REPLACEMENT 1IN

CREATE LIST OF FEASIBLE DEFS.
SAVE LIST FGR LATER ARASURE.

GENERATE DEFS FOR LEFT SIDE MATCH.
IF MATCHEDs GO CLEAN UP.
IF FAILEDy ERASE QLD LISTs

CREATE NEW LIST OF FEASIBLE DEFSe
SAVE LIST FOR LATER ERASURES

GENERATE DEFS FOR RIGHT SIDE MATCH.
ERASE LIST AND QUIR + FOR GEN.
§-200 SUBPRCCESSs TRY REPLACEMENT
BEY MATCHING SEGMENT TO
LEFT SIDES.
MAKE FREE VARIABLES DISJOINT.

FIND LEFT SEGMENT OF DEF.
IF NONEs QUIT + FOR GEN.
IF FOUND>

MATCH SEGMENT TC LEFT SIDE.
IF NO MATCH, QUIT + FOR GEN.
IF MATCHED, SAVE LIST,

FIND RIGHT SIDE OF DEF.
9-300 SUBPROCESSs TRY REPLACEMENT
BY MATCHING SEGMENT 710
RIGHT SIDES.
MAKE FREE VARIABLES DISJUOINT
FIND RIGHT SEGMENT OF DEF.
IF NONE» QUIT + FOR GEN.
IF FOUND>
MATCH SEGMENT TO RIGHT SIDE.
IF NO MATCH, QUIT + FOR GEN.
IF MATCHEDs SAVE LIST,

FIND LEFT SIDE OF DEF.
IF NONEs CLEAN UP»
IF FOUNDs COPY ITos

QUIT +.

ERASE OLD SEGMENTs AND
REPLACE OLD WITH COPY FROM DEF.
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9-100

S=-3200

11W3
J115
700
10N1
11W3
11w3
60W6
51wl
12W6
M62
40HC
109-200
J10¢
705-101
J71
11wW2
12W6
M62
4CHO
1C9-300
J1090

J71 J&4

60W7
11wsg
11W7
M110
P13
T70J4
12wW6
M113
T70J4
60W8
51wW7
Pls4
6E0WT
11wa
11wW7
M110
P14
70J4
12wWé
M113
T70J4
60We
S1W7
P13
709-302
J74
12W6
J72
21W6

0

Ji111 OQUTPUT

NO OUTPUT

MO16R480
MO16R49Q
MO16R500
MO16R510
MO16R520

1W2MC16R530C

1wWe=SEGLOCMO16R540

1w7=DEF
Iwa=CPROB

1WB=5UBST

1w7=DEF
1w4=CPROB

1w8=5U3sT

MC16R550
MO16RE560
MO16R570
MC16R580
MO16R590
MD16R600
MO16R610Q
MC16R620
MO16R620
MO16R640
MO16R65C
MO16R660
MO1oR6TC
MC16REBC
MO16R6GC
MJO16R70C
MO16RT710
MO16R72C
MQO16R730
MO16R740
MOIERTEC
MO16R760
MC16R770
MO1ER780
MO16R7G0
MC16RBOO
MC16R810
MC16R820
MO16R830
MO16RE40
MC16R85C
MO16R860
MO16R870
MQ016R880
MC16R89¢C
MC16R9CQ
MO16R910
MO16R%20
MO16R930
MO16R935
MO16RG40
MO16RG45
MO16R950
MO16RGES



11wW8 MO16RS6E0

11Wa MO16R965

SUBSTITUTE IN PROB TEX PER 1W8. M115 MO16R970

10J4 MC16R975

SET 'NEw SUBPRCBLEM FLAG!' TO ON. 20W5 MO16R980

SET HS TO QUIT-,. Ja MO1€RG85

9-302 11we MO16RS90

ERASE 1W8s REVERSFE HS5 FOR GEN. J72 J5 MO 16R995
1 R

M17 SUBLEVEL REPLACEMENT METHOD FOR M17 J48 MO17R0OCO

PROBLEM (0)e ADD ALL NEW 60WC 1WC=PROB MO17RC10

SUBPROBLEMS TO UNTRIED LIST. 50L5 MO17R0O20

H5-MEANS NO SOL'Ns NO OUTPJITe. 11K5 MG17R030

HS+MEANS (0) IS A SOL'N. J10o¢ MO17RC40

(M17 TRIES ALL LEVELS A ONCE) 7c0J38 MC17R050

60W2 MO17RD60

FIND MAP OF DEF. LEFT SIDES. JBl MO17RCT70

IF NONEs QUIT=-. 7038 MO17R080

60W1 1wl=LFTMAPMC17R090

S1W2 MO17R100C

FIND MAP OF DEF, RIGHT SIDES. J8z MO17R110

IF NONEs QUIT-. 70.38 MO17R12C

60W2 1W2=RTMAP MOQO17R13C

51w0 MO17R140

40HC MO17R142

10Q17 MC17R145

CLEAR LEVEL J1l4 MO17R148

FIND LOWEST LEVEL IN PROBLEM. Q17 MO17R150

IF NONEs QUIT-« IF YESS 70J38 MO17R16C

20W3 1W3=CURLEVMC17R165

BUMP 1W3, TEST I1F GREATER THAN 1. G-13 9-2C MO17R170C

IF NCTs QUIT=-e 70438 MO1TR175

IF YES, 9-10 11WC MO17R180

COPY PRCOBLEM FOR REPLACEMENT. P25 MO17R190

60W4 1wa=CPROB MQ17R200

9-11 10J3 MO17R210

SET*NEW SUBPROBLEM FLAG!' TO NO. 60WS I1WwS=FLAG MQ17R222

£05-100 MC17R230

GENERATE SEGMENT LOCATIONS. P26 MO17R240C

BUMP 1w3 AND TEST IF GREATER THAN 1 9-20 MO17R250

IF NOTs GO TEST FLAG. 709-2 MO17R260C

IF GREATERSs COPY 1w4 AND Jiz20 MO17k270

10Q17 MO17R28C

11wWa MO17R290C

ASSIGN COPY TO PRCBLEM COPY. J11 M0O17R300

11W3 MO17R310

LOCP FOR NEXT LEVEL. 11wWa 9-11 MC17R320

EXECUTE *NEW SUBPROBLEM FLAG! 9-2 01W5 MC17R330

IF YESs GO FINISH IT UPo 70 9-1 MO17R340

ALL DONE> 11Wéa MC17R350

ERASE LEFTOVER COPY,s QUIT. J72 J38 MO17R360



SET UP DERIVATION ASSCCIATIONS,
AND
FINISH BUILDING THE NEWw SUBPROBLEM,
IF NO GOODs QUIT -
IF GCOODs TRY SU3STITUTION.
IF PROCFs CQUIT+e IF NOT»
9-20 SUBPROCESS~-BUMP AND TEST
IF 1w3 GREATER THAN 1.
TEST IF 1W3 GREATER THAN N2
IF NOs QUIT SUBPRCCESS--»
IF YES»

CUIT-

SUBTRACT 1» QUIT SUBPROCESS+.
9-100 SUBPROCESS FOR SUBSEGMENT
REPLACEMENT IN LOCATION (C)o

CREATE LIST OF FEASIBLE DEFGS.
SAVE LIST FOR LATER ARASURE.

GENERATE DEFS FOR LEFT SIDE MATCH.
IF MATCHEDs GO CLEAN UP.
IF FAILEDs ERASE ULD LIST»

CREATE NEW LIST OF FEASIBLE DEFS.
SAVE LIST FOR LATER ERASURE.

GENERATE DEFS FOR RIGHT SIDE MATCH,
FRASE LIST AND QUIR + FOR GEN.
5-200 SURPROCESSs TRY REPLACEMENT
BY MATCHING SEGMENT TO
LEFT SIDES.
MAKE FREE VARIABLES DISJOINT.
FIND LEFT SEGMENT OF DEFa
IF NONEs GUIT + TOR GENe
IF FOUND>
MATCH SEGMENT TO LEFT SIDEs
IF NO MATCHs QUIT + FOR GEN.
IF MATCHED, SAVE LISTs

FIND RIGHT SIDE OF DEF.
9-3CC SUBPROCESSs TRY REPLACEMENT
BY MATCHING SEGMENT TO
RIGHT SIDES.
MAKE FREE VARIABLES DISJOINT
FIND RIGHT SEGMENT OF DEF.
IF NONEs QUIT + FOR GEN.
IF FOUND>
MATCH SEGMENT TO RIGHT SIDE.
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59-2

8-100

9~101

[akal

L

9-2

9-3

¢

(@]

11W4
11W0
10/16
10M1¢é
M19
70J38
M12
J38 D
10N2
11W3
J115
7CC
10N1
11W32
11W3
60W6
51W1
12W6
M62
40HC
109-200
J100C
709-101
J71
11w2
12W6
M62
40HO
109-300
J100
J71
oWy
11wa
11W7
M110
P13
T7oJ4
12W6
M113
70J4
60W8
51W7
P14
60W7
11W4
11W7
M110
Pla
70J4
12W6
M113

J&

J111

9-301

NC OUTPRUT

QUTPUT 1W3

MO17R370
MO17R360
MC17R390
MC17R400
MO17R&10
MC1T7R420
MQ17R432Q
MO17R440
MO17R&4TC
MQO17R480
MC17K490
MC17R500
MCO17RS10C
MQ17R520
MO17R530

IW6=SEGLOCMD17R540

1W7=DEF
1W&=CPROB

1wW8=5SUBST

1wW7=DEF
1W4=CPROB

MO17R550
MO17R560
MO1TRS70
MC17R580
MO17RE90
MO17R6GO
MO17R610
MO17R620
MO17RE30
MO1TR64L0
MO17R650
MO1TRE6D
MC17R6T0
MO1TR6S0
MO17R69C
MGLTR700
MO17R710
MO1TR720
MO17R730
MO17R740
MO17R750
MO17R760
MO1TRTT0
MO17R780
MO17R790
MO17R800
MO17R810
MO17RE20
MO17R830
MO1T7RS40
MO17R850
MO17R860
MO1T7R87C
MC17R8E0
MC17RB90



QUIT + FOR GEN.
SAVE LISTs

IF NO MATCH,
IF MATCHED,

FIND LEFT SIDE OF DEF.
IF NONEs CLEAN UP>
IF FOUND»s COPY 1T

QUIT +e.

ERASE OLD SEGMENTs AND

REPLACE OLD WITH COPY FROM DEF.

SUBSTITUTE IN PROB TEX PER 1W8.

*NEW SUBPROBLEM FLAG* TO CNe.

SET H5 TO QUIT-e

SET

FRASE 1W8s REVERSE H5 FOR GENe

M1G FINISH BUILDING NEW SUBPROBLEM
{3) FROM (2) VIA THM(1) BY
METHOD (0)e MEASURE UTILITY.
H5=-s NC OUTPUT,TEX ERASED.

H5+ MEANS OQUTPUT (0) 1S5 OK.

FILL
GuT
DESCRIPTION.

MARK LOCAL FOR FOUND LIST.
EVALUATE UTILITY.

REJECT IT.
ADD TO UNTRIED LIST.

IF N.Go’
IF CeKes

OUTPUT NEwW PROBLEM,
PRINTING REJECTS.

SKIP IT.
PRINT 1T,

TEST IF
IF NO»
IF YES»
ERASE Ne Ge SUBPROBLEM.
QUIT =e

M4O TEST 1F TOTAL EXPRESSIONS
(0) AND (1) MATCH.
FIND MAIN SEGMENT.

1
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$-301

M19

[

T0J4
6CW8
51W7
P12
709-302
J74
12wW6
J72
21W6
11wW8
11wa
M115
10J4
20W5
Ja
11wW8
J72 J5

J53
11W3
11W2
10Q10

J11
11w3
11W0
10Q11

J11
11W3
11W1
10Q12

J11
11W3

J136

M43
11W3
709-1

M51
11W3

J33 Jb
11K31
10Y

J2
709-2

M81
11W3

J72

J33 J3

JE1
11wl
J81

IW8=SUBRST

MO17R%00
MO17RS10
MO17R920
MO17R920
MOL17R935
MC17R940
MC17R945
MO17RS50
MO17R955
MO17R9E0
MO17RG65
MO17R970
MO17R975
MC17R980
MC17RS85
MO17R990C
MO17RGS5
R

1W3=NEWTEXMQ1SRC02
1W2=PROBLMMC19R01D

1Wl=THM

MO19RG20

1WO=METHCDMO19R0 30

1W0=TEX1
1W1=TEX2

MO19RC40
MO19R250
MO19R06C
MO19RCTC
MO19RCEC
MO19RQSC
MO19R100
MO19R110
MC19R120
MO1SR130
MO1SR125
MOLIGR14C
MO19R150
MO19R160
MO19R170
MO19R180
MO19R190
MC19R200
MC19R210
MO19R22C
MC19R23C
MO19R240
MO19R250
MO19R260
MO19R270
R
MO40R0OO0
MO40ORC10
MO4OR220
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FIND MAIN SEGMENT.

TEST IF SEGMENTS MATCH.
TEST 1IF OTHER MAIN SEGMENT 9-0
EXISTSe

NCs QUIT W/H5+ FOR MATCH
YESs QUIT W/H5- FOR NO MATCH. 9~-1

fn

M4l TEST IF SEGMENTS (0) AND (1) M4l

MATCH.
IF 187
IF NOT»

IF YES,

IS VARTABLE.
EXAMINE SUBSEGMENTS.

TEST

IF SAME VARIABLE.

IF YESs QUITs HS+e

IF NO»

IF 2ND IS FREE VARIABLES.
IF NOs QUITs HOH=~o

IF YES,

TEST IF 18T IS FREE VARIAELE.
EXAMINE SUBSEGMENTS. G-1
TEST IF NOT SEGMENT.

IF NOTs QUITs H5~
IF YES

TEST

TEST

IF SAME CONNECTIVES,

IF NCTs QUITs HS5=

IF YES,

FIND LEFT SUBSEGMENT.

IF NONEs CHECK OTHER SIDE.

TEST

FIND OTHER LEFT SUBSEGMENT.
IF NONEs QUIT, H5-.

TEST IF LEFT SEGMENTS MATCH.
IF NOT» QUITs HE-

FIND RIGHT SUBSEGMENT.
IF NONEs CHECK OTHER SIDE.

FIND OTHER RIGHT SUBSEGMENTS.
IF NONEs QUITs H5-

TEST IF RIGHT SEGMENTS MATCH,

QUITs REVERSE H5. 9~

NC FIRST SEGMENT ON 1WO, 9

FIND FIRST SEGMENT ON 1Wle
IF NONE, HS5+e ELSE H5-.

NC SECOND SEGMENT OGN 1WO»

t
w N

O O
1

709~-0
11wl
Jel
7069-1
M4l
11W0
J8l
J5
709-1
30HC

J51
11wWe
P8
709-1
11w0
11wl
J2
70
11wl
P9
70J31
11WC
P9
11wl
P&
70
12W0
12W1
J2
70J31
11w
J81
709-3
11W1
Jgl
7097
M4l
70431
110
J8z
7094
11W1
J82
709~-7
M41
J5
11wl
J81
709-2
11wl

J321

J31

J21
J31

9-6

1W0=5EG1
IW1=SEG2

AND QUIT.

MO40R030
MO40R040
MO40ORQS50
MO4CRO6C
MJ340R0O70
MQO40OR0O80
MO40OR0OSQ
MO40OR100
MQO40OR110
MO40OR120
R
MO41R0O00
MO41RQ10Q
MO41RQ20
MO41RQ30
MC&41R040
MO41R0O50
MO&41RQC6D
MC41R0O70
MO&41R280
MC41RCSC
MC41R1C0O
MO41R11C
MQO41R120
MO41R13C
MO&41R1&4C
MO&41R150
MC41R160
MC41R17C
MO41R180
MC41R160
MO41R290
MO41R210
MC41R220
M0O41R230
MO41R24C
MOG4IR250
MO41R260
MO41R2170
MO&41R280
MO41R290
MC41R300
MO41R310
MO41R320
MO41R330
MO&41R34C
MO4G1IR2%Q
MO41R360
MO041R37C
MO41R380
MO41R2GQ
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FIND SECOND SEGMENT ON 1Wle Jgze 9-5 MQ41IR4Q0
REVERSE H5 AND e-6 J5 MO41R410
QUITs DISCARD (0)e 9-7 30HC J31 MO41R420
1 R
M&2 ADD PROBLEM (0) TO FOUND LIST. MG 2 Ja2 MO&L2R00O0
IF CANNOTs SET HS5 —o 60WC 1W0=PROB MQ42R010
50L11 MQ42R0O30
11wWC MQO42R04C
GET NUMBER OF LEVELS Q2 MJ42RC50
IF NONEs GQUIT -o 709-300 MO42R(055
GET SUBLIST 5-100 MO42R060
11WC MQ42R070
GET NUMBER OF DISTINCT VARIABLES Q3 MO42R080
IF NONEs QUIT - 709-300 MO42R085
GET SUBLIST 3-100 MO42RC90
11wW0 MO42R100
GET NUMBER COF VARIABLE PLACES Q4 MO42R110
IF NONEs QUIT - 709-200 MO42R115
GET SUBLIST 9~-100 MO42R120
40HC MO42R130
109-200 MO42zR140
GENERATE SUBLIST FOR MATCH J100 MO42R150
709-1 MC42R160
INSERT AT END OF LIST 11W0 MO42R170
J32 Jé5 MO4L2R1EC
30HC J32 MO42R190
9-200 SUBPROCESS. 11WC MQ42R200
COMPARE EXPRESSTIONS M&Q J5 MC42R210
9-~100 SUBPROCESSs GET SUBLIST. 64W1 1wl=DeTe MQ42R220
LOCATE SUBLIST. P55 MO42R230
70 J80 MO4L2R240
40H0 MO42R250
CREATE NEW SUBLIST. JoOr MO4L2R260
J136 MO42R270
SAVE SUBLIST FOR OUTPUT. 60W2 1wW2=SUBLS5TM042R280
INSERT NEW SUBLIST. Jé4 MO42R290
11wl MO42R300
COPY DATA TERM. J12C MO42R21C
MARK LOCAL, J136 MO42R320
INSERT BEFORE NEW SUBLIST. J64 MO42R330
GET SUBLIST AND QUIT. 11wW2 o MQO42R340
30HO0 J3z M042R35C
R
M43 MEASURE UTILITY SUBPROBLEM Ja3 MO43R00C
SET H5+ IF GOODs H5- 60W0 1v0=PROB MO43RC10
FIND MEX. J8l MD43R020
70433 MO42R0320
GO THRU 'NOTS! P4 MO43R040
70J33 MO43R0O45
SAVE UNNOTTED MEX. 60W1 1wl=MEX MO43R0%0
TEST IF VARIABLE P8 MQO43RCEC



IF HS-»s QUIT

IF MAIN
'OR?

TEST
IF NOT

LOCATE RIGHT

(VARTABLE ONLY)

CONNECTIVE

TOR

LOOK ON FOUND LIST

SIDE

GET RIGHT SIDE

LOCATE LEFT SIDE

GET LEFT SIDE
IF SIDES MATCH.

TEST
1F SAME QuUIT

ADD TO FOUND

M50 ADD TEX(O)

ADD TO LIST

ADD TO MAP

W/H5-

LIST 1IF CAN

~REE.

PRINT EXPRESSION AND GUIT.

M51 PRINT NEW
ADD TO UNTRIED SUBPROBLEM LIST.

TALLY PREVICUS SUBPROBLEM NUMBER.

SUBPROBLEM

ASSIGN PROBLEM NO.

FIND NO.
IF NONE»

OF LEVELS

QUIT -

(o)

LOCATE CORRESPONDING LIST.

GET LIST.

TO TRUE EXPRESSIONS
LIST AND TRUE EXPRESSIONS MAP.
MAKE ALL VARIABLES

AND
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M51

J5
70J33
12wl
11K1

J2
709-1¢C
11wl

Je0
709-0
12H0

Jé

J60
709-1
52HC

Mllé

J5
70J33
11wC

M42
30H0
30HO

40HO
J50
P27
1oLl
11wC
Je5
10L4
11WC
M54
11w0
M70 J30
Jal
60WC
10K10
Ji1z25
Jiz20
J136
10Q8
J11
10L10
11W0
Q2
709-3
60W1
P55
709-1
52H0
11w0

2W1=MCONN
1K1=10R!

1wW0=PRCB

MO43R0T7C
M043R(Q80
MC43R090
MO43R100
MO43R110
MO43R120
MO43R130
MC43R140
MO43R150
MQO43R160
MO432R17C
MO43R180
MO43R190
MO43R200
M043k21C
MC43R220
MO43R230
MO43R240
MO43RZ260
MO43R270
MO43R280
R
MO5CRCO0
MOS50RC1O0
MO50R020
MOS0RC30
MO50R040
M0O50RQ50
MQO50R060
MOS50RG70
MO50R080
MOS0R0%90
MO50R10C
R
MO51RCOC
MO51R0O10
MOS51RC20
MO51kC30
MC51R040
MO51R050
MO51RC6C
MOS51R0OT70
MO51R08C
MO51R11C
M0O51R12¢C
MO51R125

1wl=LEVELSMO51R13C

MQO51R140
MOB51R150
MO51R160
MO51R170
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ADD NEW SUBPROBLEM, Jé5 9-2 MG51R190
9-1 40H0 MO51R200
110 MO51R210
CREATE LIST OF ONE SUBPROBLEM. J91 MO51R223
J136 MO51R226
INSERT NEW LIST,. Jé4 MO51R230
11wl MO51R240
COPY LEVEL DATA TERM. J1z0 MO51R250
J136 MO51R260
INSERT BEFORE NEW LIST. Jés 9-2 MQO51R27C
9-2 11W0 MO51R280
PRINT NEW SUBPROBLEM. M75 J31l MO51R29¢C
9-3 30H0 J31 M051R300

1 R
M54 ADD TOTAL EXPRESSION (0) TC M54 40W0 M0O54R000
MAP OF TRUE EXPRESSIONS (1) 60WC IWO=THMNAMMOS54R010
Jgl MO54R020
709-0 (0)=MEX MO54RC30
Jé MO54R040
ADD MAIN SEGMENT (1) TO MAP (0). 9-120 J30 MC54RC50
9-0 30HO J30 MO54R060
9-100 SUBPROCESSs ADD SEGMENT (1) $~-100 04J43 IWO=THMNAMMOS4R0DTO
TO MAP (D). 20W1 1wl=MAP MO54R080
60wW2 1W2=SEGMNTMOB54R090
TEST IF SIMPLE VARIABLE. P8 MO54R100
IF NOs CONTINUE DOWN MAP 709-102 MO54R11¢C
IF YESs ADD THMNAME, 11wl MO54R120
TEST I1F NAME LIST IN MAP HEAD. J79 MC54R130
IF NOs, GO MAKE ONE. 709-101 MO54R140
IF YES, 1241 MO54R150
11WC MLC54R160
INSERT NAME AND QUIT. J64L J323 MOS54R170
9-101 11w0 MC54R180
CREATE LIST OF ONE NAME., J91 MC54R190
J136 MQO54R200
PLACE IN MAP HEAD AND QUIT. 21Wl J33 MO54R210
INPUT MAP HOLDER. 9—-102 10Wl MO54R220
INPUT SEGMENT CONNECTIVE. 12W2 M0O54R220
FIND SUBMAPS LIST. J1o0 MQO54R240
IF FOUNDs CONTINUES 7C 9-110 MOS54R25¢C
IF NONE» 10W1 MG54R260
Jso MC54R270
CREATE 1ST LOCAL SUBMAP. J136 MO54R280
12W2 M054R290
TEST IF 2ND SUBLIST NEEDED. Pé MO54R300
IF NOs SKIP IT. 709-111 MO54R310
IF YES, 40HC M054R320
CREATE 2ND LOCAL SUBMAP, J120 M0O54R330
Joz2 6-112 M0O54R340
CREATE SUBMAP LIST. 9-111 J91 M0O54R359

9-112 J1326 MO54R360
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ASSIGN AS SUBMAP LIST OF CONNECTIVE
9-110

FIND 1ST SUB SEGMENT.
IF NONE» QUIT,

FIND 1ST SUB MAP.

IF NONEs GUIT.
ADD SEGMENT (1) TO SUBMAP (Q)e
TEST IF MORE SEGMENTS.

IF NGO, QUIT.

FIND 2ND SUBSEGMENT.
IF NONE, QUIT.

FINE 2ND SUBMAP,
IF NONEs QUIT.
ADD SEGMENT (1) TO SUEMAP (0).
¢-114

ME0 FIND NEXT UNTRIED PROBLEM. M6 0

H5 -~ MEANS NONE REMAINING.
LOCATE NEXT SUBLIST CF PROBLEMS.

IF NONEs QUIT =-o

1F SOMEs GET SUBLIST AND
FIND FIRST PROBLEM,

I1F NONEs LOCATE NEXT LIST.

IF FOUNDSGET LOCATION OF LIST»

GET NAME OF LISTs AND

LOCATE FIRST PROBLEM.

IF NONEs MACHINE ERROR—-—-HALT.
1F LOCATED, DELETE FROM LI1IST,

MARK OQOUTPUT REGIONAL s QUIT+e.

M62 CREATE A LIST OF TRUE M6 2
EXPRESSIONS FROM MAP (1) FOR
FEASIBLE MATCH WITH SEGMENT
(0)e OUTPUT MAY BE EMPTY.

SAVE COPY OF LIST IN MAP HEAD.

IF SEGMENT IS5 SIMPLE VAR,

IF YESs QUIT WITH CUTPUT.,

IF NO»

LOCATE 1ST SUBSEGMENT.
IF NONEs CUTPUT 1W2»

TEST

QUIT.

6CW3
12v2
J11
11W3
20W3
11W2
J8l
70J33
11W3
J8l
709-114
6-100
12W2
P&
70J33
11W2
J82
70433
11W3
J82
709-114
9~100 J33
30H0 J33

10L10
J6C
J60
70J8
12H0
Jgil
709-1
Jb
52HD
J60
70J7
J68
J138 J4

J45
20W0
60W1
52W1

J73
60W2
11W0

P8
70 J35
51WC

J6eo
709-1
60W3

5-110

I1W3=MAPLSTMO54R370

MCH4R3BD
MO54R390
MOE4R400

1W3=MAPLSTM0O54R410

1W0=5EG
1W1=MAP

MO54R420
MO54R430
MOS4R440
MO54R450
MO54R460
MO54R47C
MO54R480
MO54R490
MO54RE200
MO54R510
MO54R520
MO54R530
MO54R540
MOS4R550
MO54R560
MOS54R570
MOE4R580
MO54R600
R
MCEOROOC
MO&CRCL1C
MC60RD20
MO6CRO3C
MO60ORC40
MO6CRO50
MOEQRO6C
MO6CROTC
MO060R080
MO60ROSC
MO6CR100
MO6QORI1C
MQO&OR12C
R
MOE62RO00
M0&2RO10
MO62RC20
MQ62RC30
MO62R040

IW2=THMLETMQO62R05C

MO62R06D
MO62R070
MO62R0O80
MQO62R090
MO62R100
MO62R110

1W3=SEGLOCMO6E2R12C



FIND LIST OF APPROPRIATE SUBMAPS.
IF NONEs OUTPUT 1W2s QUIT.
LOCATE 1ST SUBMAP.
IF NONE»s OUTPUT 1W2s QUIT.
IF THEREs SAVE LOCATION,

SET UP HO AND
CREATE LIST FROM MAP (1) FOR (0)e

IF CONNECTIVE WAS NON-UNARY.
IF UNARYs FIX OUTPUTs QUIT.
IF NON-UNARYs SAVE LIST AND

TEST

LOCATE NEXT SUBSEGMENT.
IF NONE» FIX QUTPUTs QUIT.
LOCATE NEXT SUBMAP.

IF NONEs FIX QUTPUT, GUIT.

CREATE LIST FROM MAP (1) FOR (0}
tAND!' RESULT WITH LIST 1W5s LOOFP.
FIX OQUTPUT - — -

tORY W5 WITH 1W2»

LEAVE RESULT AS 1WZe.

QUTPUT 1W2, CLEAR CONTEXTa
SUBPROCESS = 'ANDt (0) WITH 1%W5e

GENERATE 1wW5 FOR PROCESS MARKING.

GENERATE *(0)*' TO UNMARK MARKED.

ERASE t(0)

LOCATE NEXT OF 1W5.
IF NONEs QUIT SUBPROCESS.

TEST IF EXPRESSION MARKED.
IF NOs LOCP TO NEXT.
IF YESy UNMARK IT»

SAVE LOCATION AND DELETE THIS
EXPRESSION DUE NOT ON BOTH LISTSs
IF MORE, LOOP WITH NEXT.

SUBPROCESS - MARK PROCESSED.
SUBPROCESS — UNMARK IF MARKED.
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50wl
12wW0
J10
709-0
Jé0
709-1
60W4
52wWa
12W3
M62
12W0
Pé
709-2
60W5S
G-4 51W3
J60
60W3
709-3
51Wa
J60
60Wa
709-3
52W4
12w3
M62
§-100 9-4
5-3 51W5S
Q=2 11wW2
Jé
J76
-1 51wW2 J35
a 11W2 J35
-100 11W5
109-200
J100
40HO
109~-300
J100
J71
11W5
§-101 JEO
700
12HC
J133
709-101
32HC
40HO
J68
700 9~-102
9~-200 J137 U8
9-300 40HO

MO62R130
MO62R140
MO62R150
MO62R160
MD62R17C
M0O62R180
1W4=MAPLOCMC62R190
MOE6E2R200
MO62R210C
MO62R220
MO62R230
MO62R240
MO62R250
1W5=ANDLSTMOD62R260
MO&2R270
MO&E2R28C
MO62R290
MQO&2R300
MO62R310
MC62R320
MQ62R330
M062R340
MO62R3EC
MO62R360
MO62R370
MO62R38C
MO62R390
MO62R400
MOB2R410Q
MO62R420
MO62RG30
MO62R440
MO62R450
MOEZR4ED
MC62R4T70
MO62R480
MO62R490
M062R500
MO62R510
MO62R520
MOE&2R53C
MQ62RE40
MQ62R550
MO62R560
MOE2R5T0
~M062R580
MO62R590
MOEZR600
M0OE2RE10
MO62R620
MOE2R6E30



M63 CREATE A LIST OF TRUE
EXPRESSIONS FROM MAP
FEASIBLE MATCH WITH TEX
OUTPUT MAY BE

M70 PRINT EXPRESSION

WITHOUT A SUFFIXe.

ENTER

NAME o

TAB TO COLUMN

FIND MEX.

ENTER

[F NONE>
MEXe

FIND SUFFIXe

IF NONE>»

BUMP COLUMN.
SUFFIX AND PRINT.

ENTER

(J)e

SKIP ITe

{0y

{0) FOR
(1)

AN EMPTY LIST.

WITH OR

PRINT wITHOUT IT.

M71 PRINT PROOF SEQUENCE FRCM (0.

SKIP TwO

ENTER
PRINT

LINES.

*PROOF FOUND* AND

SKIP ONE LINE.

FIND PROVING THECREM,

ENTER

IF NONE»
*GIVEN'.

USE DUMMY CHARACTER.,

PRINT FIRST LINE OF PRCOF.

INPUT

TEX AND

tSUBSTITUTIONY
PRINT NEXT EVEN LINE.

FIND THEOREM USED

PRINT

FIND METHOD OF DERIVATION

IF NONE>

IN DERIVATION.

FINISH WITH QeEeDe

NEXT ODD LINE.
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9~-201

M63

MTC

M71

9-1

J133
709-201
31H0
30H0

Jé

Jal
70
30H0

J154
4CHC
M79
10N8
J160
42H0
J81
709-1
M73
a18
70J155
10N1
Jis6l
J157

J&G
J154
J155
J155
1072
M76
J155
J154
J155
11WC
Q13
73
10714
1071
MB80
11W0
1073
M80
11we
Q12
709-2
1071
MEO
11W0
Q11
709-3

J8
Ja

M6 2
J90

J155

MO62R640
MG62RE50
MO62R660
MOE2RETO
R
MO63RC0O0
M063RC10
MO63R020
MO63R030
R
MO70R000
MO70RC1C
MOT70ORC20
MOT70R030
MO70RC40
MO70R050
MO70R0EQ
MQOTCROTO
MQTOR0BO
MO70R09C
MOT70R10C
MC70R110
MC70R120
MOTOR130
R
MO71R000
MOT71RC10
MOT71R020
MO71R030
MCT71R04C
MG71R050
MQOT71RC60
MO71R070
MCT71IR080
MO71R090
MOT71R10C
MC71R110
MOT71R120
MO71R130
MO71R140
MO71R150
MOT71R160
MC71R170
MO71R180
MO71R190
MO71R200
MQ71R210
MOT71R220
M07T1R230
MQ71R240
MQ71R250
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FIND EXTERNAL NAME OF METHOD. Q16 MOT1R260

70 9-4 MOT71R270

IF NONEs USE BLANKS. G-3 10T5 MOT71R280

9-4 11WC MOT71R290

FIND PROBLEM USED IN DERIVATION. Q10 MOT71R300

70 g-5 MO71R310

IF NONEs USE DUMMY CHARACTER. 10714 MO71R320

9-5 60WS MO71R330

LOOP TO PRINT NEXT EVEN LINE. Jé 9-6 MO71R340

9-2 J154 MOT71R350

10K41 MQOT71R360

TAB TO COLUMN K4l J160 MOT71R370

10T4 MOT71R380

ENTER 'QeEeDe AND M76 MO71R390

PRINT. J155 MO71R400

PRINT LIMITSs CLEAR CONTEXT/QUIT. M77 J30 MOT71R410
1 R

PRINT -NO PRCCF FOUND- MT2 J154 MO72R000

1076 MO72RC10

ENTER MESSAGE MT76 MQOT72R020

PRINT MESSAGE, LIMITS J155 M77 MO72R03C
1 R

ENTER SEGMENT (0) MT73 4CHO MO73R000

TEST 1F VARIABLE P8 MO73R010

IF YESs ENTER VARIABLE. 70 M79 MO73R020

12HC MOT73R030

11K2 MO73R040

TZST 1F CONNECTIVE NOT J2 MO73R050

709-1 MO73R060

12H0 MQ73RCT70

ENTER NOT. M79 MO73RCBC

J81 MO73R090

7047 9-200 MOT73RC95

700 5-200 MO73R100

9-1 Jal MC73R110

60WC 1W0=SEG MOT73R12C

LOCAT FIRST SEGMENT. J60 MO73R130

20W1 1Wl=LOC'N MOT3R140

IF NONEs QUITe 70431 MO73R150

12W1 2W1=SUBSEGMOT73R160

ENTER SEGMENT. 9-2300 MO73R170

11W1 MO73R180

LOCATE NEXT SUBSEGMENT. 9-2 J60 MC73R19C

20W1 MOT3R195

IF NONEs QUIT. 70431 MO73R200

12W0 2WO0=CONN MO73R20%

ENTER CONNECTIVE. M79 MO73R210

12wl MQT73R215

ENTER SEGMENT. 9~-200 MCT3R220

' 11wl 9-2 MOT73R225

§-200 40HC MQT73R230



TEST

IF VARIABLE

ENTER LEFT PAREN.
ENTER SUBEXPRESSION
ENTER RIGHT PAREN.

M74 ENTER TOTAL EXPRESSION
WITH OR WITHOUT

ENTER
FIND

MAIN EXPRESSION.

SUFFIXe
IF NONES
IF ONEs

QUIT.

(C)s

SUFFIXe

BUMP COLUMN AND ENTER SUFFIX.

mM75 P

RINT NEW

SUBPROBLEM

TAB TO COLUMN K47,

ENTER

BuUMP

SUBPROB

COLUMN.

LEM NAME

(C)e

{NOe)e

FNTER SUBPROBLEM EXPRESSION.

TEST

3UMP

FIND

ENTER

BUMP

FIND

FIND

IF EXPRESSION wAS TCO

IF YES»
IF NOQ»

COLUMN o

THEQREMe
IF NONE>»

COMMA «

COLUMN»
METHOD.
IF NONE>
EXTERNAL
IF NONE»

331G

DCN*'T RESET.

SKIP 1T

PRINT
NAME »

RESET TO K48.

NOW o

PRINT NOWe
ENTER TEXT AND PRINT.

M76 ENTER LIST OF DATA TERMS.
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5-201

MT4

MT5

M76

Pa
706-201
P8
70
10K51
J157
M73
10K52
50714

40H0
JE1
70J8
M73
Q18
700
10N1
Jlel

J154
10K&7
J160Q
40HC
M76
1CH3
J161
40HC
MT74
11wes
10K48
J116
70
10K 48
J1e0
10N2
Jle1l
40H0
Q12
709-1
M7
1CK54
J157
10N1
J161
Q11
70J155
Q16
70J155%5
M76

10J157

M73

J157
MT7G

J157

J155

PSv PROB

PS5V PROB

M0T73R235
MOT73R238
MO73R240
MQOT73R250
MO73R260
MQOT73R270
MCT73R280
MOT73R290
MCT73R300
R
MO74RQ00
MO74R010
MO74RC2¢C
MO74R0O30
MQO74RC40
MOT4R050
MOT74R060
MOT74RQ70
R
MO75R000
MO75R010
MOT75R020
MO75R030
MQCT75RQ40
MO75R050
MO75R060
MO75R070
MO75R080
MC75R090
MO75R100
MO75R110
MO75R120
MO75R130
MOT75R140
MOT75R160
MOT75R170
MZT75R180
MOT75R190
MCT75R200
MO75R210
MO75R220
MO75R230
MOT75R240
MO75R250
MO75R26C
MO75R270
MOT5R280
MO75R290
MOT75R300
R
MOT76R0O00
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J100 © MCTERCLO
1 R
M77 PRINT LIMITS OF PROCF. MT7 J154 MO77RCQ0
J155 MO7T7RO10
DCUBLE SPACE. J155 MOT77R020
10K12 MOTTRC30
10H3 MCT7T7TR0O40
10K12 MO77R050
SET K12 TO ACTUAL EFFORT. J111 MO77RC60
10K22 MO77R070
INPUT YEFFORT! 1077 MO77R080
PRINT LINE. 9-100 MOT7TR09C
10K1¢G MO77R100
10K20 MOT77R110
INPUT *SUBPROBLEMS! 1078 MO77R120
PRINT LINE. 9-1C0 MO77R13C
10K11 MO77R140
10K21 MO77R150
INPUT 'SUBSTITUTIONS! 1079 9-100 MOT77R16C
9~13C SUBPROCESSs PRINT LINE. 9-1C0 J15¢4 MOT7TT7R170
ENTER MESSAGE M76 MO7T7TR180
10K 44 MOTTR1SO
TAR TO COLUMN K44, J1e0 MOT77R20C
10721 MOT7TTR210
ENTER *LIMIT! M76 MO77R220
10N1 MOTTR230
BUMP COLUMN. J161 MOT77R240
ENTER LIMITa J157 MO77R250
10K 45 MO77R260
TAB TO COLUMN K&45. J160 MOT77R270
1CT20 MO77R280
ENTER tACTUAL! M76 MOT7T7R290C
10N1 MO77R300
BUMP COLUMN. J161 MO77R31C
ENTER ACTUAL AND PRINT LINE. J1s7 J1i55 MOT7T7R320
1 R
M78 PRINT +TC PROVE' PROBLEM (C)oe M78 J154 (n)=PROB MO0O78R000
INPUT TEXT. 10722 MOT78RC1C0
ENTER MESSAGE. M76 MO78R020
40wWe22 MQOT78RC30
10N3 MCT78RC40
SET UP TO PRINT ON NEw PAGE. 20W22 MOT78RC50
J15% MO78RC60
KESTORE SPACING AND PRINT (O} 30wW22 M70 MO78ROT0
1 R
M79 ENTER NAME OF (0). MT79 40HO PSV (0} MOT79RC0OC
FIND EXTERNAL NAME. Q7 MCT79RC10
IF THERES 709-1 MOT79R020
ENTER ITs DISCARD (0). J157 JB MQO79RC30
IF NOT THERE, 9-1 40HC PSV (O} MOTIRC40

FIND SUBPROBLEM NUMBER. Q8 MOT79R050



IF NCT ThEREs ENTER INTERNALs
IF THEREs ENTER NO.
AND ENTER PERIOD.
M8O PRINT PRCOF LINE
INPUT (0) IS METHOD OR *GIVEN!

INPUT (1) IS TEX
ENTER METHOD

ENTER NAME

ENTER EXPRESSION AND PRINT.
MB81 PRINT REJZCTED PROBLEM (C)o
TAB TO COLUMN K&7,.
ENTER NAME,
BUMP COLUMNa
ENTER TEXs
TEST IF TEX TOO LONG.
IF YES, SKIP RESET.
IF NQ»
TAR TO COLUMN K48
BUMP COLUMN.
FIND THEOREMoe
IF NONEs SKIP ITe
IF THEREs ENTER NAME,
ENTER CCOMMA s AND
BUMP COLUMNe
FIND METHOD
IF NONEs SKIP ITe
IF THEREs FIND EXTERNAL NAME.
IF NONEs SKIP ITe
IF THEREs ENTER TEXT»
ENTER PERIOQODs AND

BUMP COLUMN.
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M8

MB1

70J156
J1s57
50K53

J154
10K&41
J160
M76
10K42
J16C
40HC
M79
10K43
J160
M74

J154
1C0K47
J160
40HO
M79
10N3
J161
4QHOC
M74
11wW25
10K48
J116
e
10K48
J160
10N2
Ji61
40HO
Ql2
709~1
M79
10K54
J157
10N1
J161
Ql1
709-3
Gle
709-3
M76
10K53
J1s57
10N2
J161
1CT19

J157

J155

MOT79RC6EQ
MO79R0O70
MO79RC8B0
R
MO80RCOC
MOB80RO10
MOBOR(C20
MOB80OR030
MOBOR04D
MOB8ORCS50
MOB8OR060
MOBOROT70
MOB80OR0O&0
MO8CR0O90
MOBOR100
R
MOB1R0O0O
M0B1RC10
MO81R020
MOB81RC30
MOB1RO4O
M081R0O50
MOB81R0O60
MOB1RO70
MGB81R080
MOB81RCS0
MOB1R100
MO81R11C
MCB81R120
MOB81R130
MOB1R140
MOB1R150
MOB1R160
MO81R17C
MOB1R180
MOB1R19C
MO81R200
MO81R210
MOB1R220
MC81R230
MOB81R240
MO81R250C
MOB1R260
MOB81RZ270C
MOB1R280
MOB1IR29C
MOB1R300
MOB1R310
MOB81R320
MOB1R330
MOB1R340



ENTER MESSAGE AND PRINT.

M82 PRINT

ENTER

MESSAGE »

M88 PRINT BAD LIST

ENTER

FORM

1BAD EXPRESSIONY

BUMP COLUMN.,

SYMBOLS FOR ENTRY)

PRINT

READ NEXT LOGIC EXPRESSION

FROM NORMAL INPUT UNIT.

H5~

CLEAR

MEANS
AND

FILL BUFFER.

IF

EOFs QUI

LOCATE 157 OF

IF

BLANK CARD»

NONE

To

NAME o

DETERMINE EXTENT.

IF

INPUT

REST OF

NAME »

CARD »

TEST IF REGIONAL.

IF

TEST

1F

NGT »

RESET,

QUIT

THERE

HS= e

HS— o

RESET

GET NEXTe

GET

tREMEMBER PROVED THEOKREM!

EXPRESSION.

NEXT

IF NAME IS A CHARACTER SYMoOL.

IF YES,

GET

CKos

RESETS

GET NEXT.

EXTERNAL NAME.

RESEYT COLUMN TO 157 OF NAME.

CREATE PROTOTYPE DATA TERM.
MARK LOCAL.

SET D

QT.

TO HOLD

NAME o

1

1
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M

M

M

D

82

g8

g9

-10

M76

J154
J155
J155
10723
M76
J155
J154

J15&4
10724
M76
10N3
J1lé61
10M79
J100

400
40W25
40W30
J154
J182
709~-0
10N1
J120
J184
709~-1
20W25
JGo
J124
J183
7¢9-2
20W30
Ji81l
40HC
J1390
709-4
40HC
P18
T0G9~-4
20WC
11430
11425
11wW25
J111
50K51
J120
J136
J182
11W0

J155

J155

J155

1w25=187

MOB1R350
R
M0B82R000
MOB2R(C10
MO82R0O20
MO82R(O3(0
MOB82RC40
M082R050
MO82R060
R
MOBEROOC
MOB8RO10
M0OBBR0OZ20
MOEBEBRO30
MOB88R0O40
MCB8RC50
MOB88RCED
R
MO89R0OCO
MC89RQLO
MC8SR020
MCBSROSC
MO89RCED
MOB9RC 70
MOB8SGRO8BC
MOBORCSO
MOB89R110
MC89R120
MOB9R125
MQ89R130
M0OBGR140
MO8GR150
MOB89R160

1W30=EXTNTMOB89R1 70

IWO=EXPRe

MOBY9R180C
MC89R19C
MOBSR200
MCB9R210
MCBEOR213
MOB9RZ215
MOBSR217
MOBGR220
MO89R230
MOBSR24C
MOBSR250
MOBSR260
MOBSGR265
MOB89R2T0
MOB89R280
MOB89R290
MOBGR300



ASSIGN De

Te AS EXTERNAL NAME S

LOCATE 1ST OF EXPRESSICN.
IF NONEs RESET, GET NEXT.
FIND CHARACTER SYM30OL AT 1wZ5.

IF NONE»
IF FOUNDs GET

EXPRESSION FINT.
ALTERNATE

ADD AT END OF LIST EXPRESSION,
TALLY 1w25 AND LOOP FOR NEXTa

LOCATE FI

IF NONE»

RST OF SUFFIX.
SKIP 17

DETERMINE EXTENT.

IF NONES

SKIP ITe

CREATE PROTOTYPE.

SET De Te

ASSIGN AS SUFFIX OF

TO SUFFIXe

IWC.

ADJUST FOR EXTRA IN HC.

SET HS+

DISCARD COLUMN DeTe

DISCARD EXTENT DeTe

RESET
AFTER
A

BAD

EXPRESSION

AND
GET NEXT

MOG TEST

TEST NO.

TEST NO.

CARD.
IF PROBLEM LIMITS REACHED.

OF SUBPROBLEMS SET UP

OF SUBSTITUTIONS

1
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NoJaNe)
I
[8 5N ]

Mal

J6

10Q7
J11
11W25
J184
706-5
J186
705-6
P1¢S
11wC
J6
J65
Ji25
J18s4
7097
51wW30
J124
Jl183
700-7
50K51
Jiz2¢
J18z2
11wC
Jé
10018
J11
11wWC
51WC
Jb&
11WZ25
J9
114320
Jo
20W25
3CW30
11wC
J1s
J8
11W30
Jo
11W25
Jo

10K20
10K10
J116
70J5
10K21
10K11
J116
7045
10K12

9-3

J390

MCB89R3210
MOB9R320
MOB89R330
MCB8OR340
MCB89R350
MOBSR36(
MOB8SR370
MOB9R38(
MOB89R3G60
MC89R400
MOESR4L0
MQOBI9R4Z20
MCBIRG3D
MCBIR4L44D
MOBIR4L4BD
MQOB8SR49Q
MOBSR4G5
MOB8SRE00
MQOB8%R510
MOBGRS520
MOBIRS3C
MOBIR54C
MOB9RE5C
MOBSGR560
MOB9RET7(
MCE&YREEO
MOBIRSGSC
MOBY9REQDD
MOBIRE1G
MOB9REZD
MOBORE63D
MOESRB40
MOBIR6S5Q
MOBGREED
MOBGRETC
MOB89R700
MGESRT10
MOBSR72C
¥0O8SR73C
MOBIRT4LL
MO89R750
MOBSGR760
R
MOQORO0C
MOGCRO1Q
MO90R020
MJ9CR0O30
MCGORO4O
MO9CRCSC
MO9O0ORO6C
MQO9ORC7D
MQO9ORCE0



COMPUTE EFFORT

TEST EFFORT.

M110 MAKE FREE VARIABLES OF TOTAL

EXPRESSICGNS

DISJOINT.

{SUBSTITUTES 1IN

CREATE FREE VAR,

CREATE FREE VAR,

0) AND (1)

LIST FOR (1

)

LIST FOR (0

CREATE EMPTY SUBSTITUTION LIST.

CREATE EMPTY LIST GF MARKED

PROC

ESSED

SET LOCATION ON SYSTEM FREE
VARTABLE LIST

MARK

ADD

TEST

UNMARK ALL

LOCA

LOCA

HALT

TEST

ALL OF

DUPLICATE

(0y)-=-5

FREE VARSe

1F ANY DUPLICATES,

TE NEXT

TE NEXT SYSTEM

DUE T0O

IF USED

MARKED VARIABLES

DUPLICATE

FREE VAR

NOT ENCUGH FREE

IN EITHER.

INSERT AS SUBSTITUTOR.

VAR

(1)e}
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M110

0
!
(20N

0
1

10H2

JeO

J111
40HO
10K22

J6

J116

Jg J5

Ja1
J21
11W1
M116
70437
20W3
11W0
M116
709-1
20W2
Joo
20W4
J9O
20W7
1CL2
20W5
11W2
109-100
J1io¢
11W3
106-200
J100
11W4
J718

MOGQOR0OS0
MOSOR100
MOSOR110
MOSOR120
MOSOR130
MOSOR14Q
MO90R150
MO90R160
R
M110R0O0O
M110R0O10
M110R020
M110R(Q30
M110RC40
M110R050
M110R060
M11CRC70
M110RC80
M110RCSO
M110R100
M110KR110
M110R11l4
M110R116
M110R120
M110R130
M110R140
M11CR15C
M110R160
M110R170
M110R180
M110R190
M110R200
M110R210
M110R220
M110R225
M110R230
M110R240
M110RZ250
M110R260
M110R270
M110R280
M110R29C
M110R300
M110R210
M110R320
M110R330
M110R340
M110R350
M110R360
M11CR37Q
M110R380
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NUMARK ALL MARKED VARIABLES. g-3

GET MAIN SEGMENT OF (1)

SUBSTITUTE
9-2
9-1
MARK PRCCESSED 9-1CO
ADD TO LIST 1w7 FOR UNMARKING
ADD THOSE MARKED TU 5SUBST. LIST. G-200
MARK THOSE NOT MARKEDC.
UNMARK PROCESSED. 5-30C
UNMARK PROCESSED ALL VARIABLES 9-400
ON LIST 1W7
1
M111 MATCH SEGMENTS (C) AND (1) M111
5+ MEANS OUTPUT (0) 1S LIST
OF PAIRS=-1ST IS FREE VAR«
2ND 1S5 SUBSTITUTOR.
H5-— MEANS NO MATCHs NO CUTPUT.
$—-10C MATCH SUBPROCESS 9-100
(EXPECTS FREE VARIABLES DISJCIN 9-104
IS (C)y A VARIABLE,
1S (8)y A FREE VARIABLE.
18 THERE ALREADY A SUBSTITUTICR
FOR (U}
SET SUBSTITUTOR AS (G) AND MATCH.
9-1072

TEST IF (1) 15 A VARIABLE

709100
11wa

Jé
31H0
30HC
11W7
10¢-32C

J100

JGO
209-10C

9~-100C
119-10
70J71
04J51
11W0

P8
705-101
11w0

P9
709-102
109-10
11W0

J10
706-103
20W0
109-10
11W1
40HC

pe
709-105%
40OHC
11w0

J37

Ja

J64a

Ja

5-104

M110R39Q
M110R420
M110R430
M110R440
M110R450
M110R460
M110R470
M110R480
M110R4S0O
M110R500
M110R5190
M110R520
M110R525
M110R530
M110R535
M110OR540
M110R550
M110R560C
M110OR570
M110R580
M110R5G0
M110R600
M110R61C
M110R620
M11C0R630
M11CR&4C
R
M111R00C
M111R010
M111R020
M111R03C
M111R040
M111R0Q50
M111R060
M111RQ70
M111R0EC
M111R0O90C
M111R100
M111R110
MI11R1zZC
M111R13C
M111R140
M111R150
M111R16&0
M111R170
M111R180
M111R185
M111R190
M111R195
M111R200
M111R20%



(1) 1S VARIABLESs TEST (1)=(0)

NG SUBSTITUTOR,s GUIT W/H5+

IF NOTs MAKE EXPRESSICON INTERNAL
ASSIGN (1) AS SUBSTITUTOR FOR (D)

{ (G) IS VARIABLE, NOT FREE. )
1S (1) A VARIABLE.

IS (1) A FREE VARIABLES

1S THERE ALREADY A SUBSTITUTOR
FOR (1)
5ET SUBSTITUTOR AS (1) AND MATCHe

TZST IF (8) 1S A VARIABLE

(3) 1S VARTABLE, TEST (0)=1(1)

IF NCTs MAKE EXPRESSICN INTERNAL
ASSIGN (0) AS SUBSTITUTOR FOR (1)
{30TH ARE VARIARLES, NOT FREE)
ARE VARIABLES IDENTICAL.

{ (U) 1S5 EXPRESSION. )

1S (1) A VARIABLE

IS (1) A FREE VARIABLE.

{ BOTH ARE EXPRESSIONS. )

ARE CONNECTIVES IDENTICAL

LOCATE NEXT SUBSEGMENT ON (D)

—
~—

LOCATE NEXT SUBSEGMENT ON
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g~116

9-105
9-114
9-109

3-102

9-111

9-10C7

5-11°0

J2
709=-114
3CHC
3IOHC

J138
11WC

J11

J31
11W1

p8
70431
11wl

P9
706-106
109-1G
11wl

J10
7C9-1C7
20W1
10%-10
11wW0
4CHC

P8
706-108
40HC
1191

Jz
706~115

J138
11wl
11wW0
11wl

J2
11wl

F8
709-110
1141

(23]
70431
120
12W1

J2
7CJ21
11WC

J60
20W0
709-112
11wl

J6O
20W1
70J31

J31

J&

9-104

9-111

Mi111R210
M111R215
M111R22¢
M111R225
M111R230
M111R235
M111R240
M111R250
M111R260
M111R270
M111R280
M111R290
MI111R300
M111R210
M111R320
M111R330
M111R340
M111R350
M111R260
M111R37C
M111R380
M111R39C
M111R400C
M111R4CE
M111R410
M111R413S
M111R420
M111R425
M111R430
M111R435
M111R440
M111R450
M111R&46C
M111R47¢
M111R480
M111R490
M111R50C
M111R510
M111R520
M111R53¢
M111R240
M111R550
M111R56C
M111R570
M111R58C
M111R590
M111R600
M111R61C
M111R620
M111R630
M111R640



MATCH SUBSEGMENTS

LOCATE NEXT

M112 EXPAND SUBSTITUTION LIST

SUDBSEG!

MENT ON

(1)

(C)e

REPLACE EXPRESSIONS WITH
COMPLETELY SUBSTITUTED
NAMED COPIES.

LOCATE

DELINEATE

NEXT SUBSTATION

LOCALLY

SEGENT AT THIS STATION

SEGMENT DELINEATION SUBPROCESS.

IS INPUT A VARIABLE.

15 INPUT A FREE

DELINEATE

CREATE

GENERATE FREL VARIABLE

FREE

VARTAELE.

VARIACLE «

DELINEATE FREE VARIABLE

FIND CORRESPCNUING

DELINEATE SUBSTITUICR

QUTPUT FREE VA

MATCH SEGMENTS
SUBSTITUTION.
(0)y 15 EXPANDE

RIABLE
(C) AND (1))

SETS H5»

D SUBSTITUTI

SUBSTITUTED LOCAL COPY

SUBSTITUTOR

FOR

~ IQ

(W

IF + OUTPUT

LISTe.
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9-1C0

9-102
9-101

9-300

9-201

M113

12WC
124W1
9-1C0
70J31
11wl
J60
20W1
J5

40HC
Js1
11%WC
J&o
J60
20w0
70J31
12wW0
S-100
21wWe
4J50
11WC
P8
11wC
709-101
P9
706-102
11W0
9-2020
11WC
J74
J136
60WD
106-3300
p2g
Jso
12W0
9-2CC
21WC
J30
4450
10W1
11WC
J10
709=-201
9-100
11WC

5-113

J31

J30
430

0

~102

Ja

J30
J30

M111
700
4QHC
Mlle Ja

M111R650
M111R66C
M111RE70
M111R68C
M111R69C
M111R700
M111R71C
M111R720C
R

M112R00C
M112R010
M112R020
M112RC30
M112R0o4C
M112R050
M112R06C
M112R070
M112R080

1112R090
M112R10Q0
M112R110
M112R120
M112R130
M112R140
M112R15C
M112R160
M112R17C
M112R180
M112R19¢C
M112R20¢C
M112R210
M112R220
M112R230
M112R240
M112R25¢C
M112R260
M112R27C
M112R28¢C
M112R290
M112R3C0
M112R310
M112R320
M112R330
M112R34C
M112R350
M112R360

R

M113R00C
M113R010
M113R020
M113RC3C
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1 R
TEST IF SEGMENT (0) MATCHES M1l4 M11l1 M114R0O0O0O
SEGMENT (1) 7¢8 J71 M114R010
1 R
M115 SUBSTITUTE IN SEGMENT (O} M115 Ja2 M115R000
FROM SUBSTITUTION LIST (1) 20WC M115R003
SUBSTITUTES ONLY FOR VARIABLES, 60wl M115R007
SAMPLE SUBSTe LISTe. J81 M115R010
IF EMPTYs GUITe 70J32 M115RC13
40HC M115R017
TEST 1F FREE VARIABLES. P9 M115R020
709-1 M115R023
IF YESS 51wC M115R027
GENERATE LOCATIONS OF 105-1C0 M115R030
FREE VARIABLES. P28 J32 M115R033
TEST IF B0UND VARIABLE. 9-1 P8 M115R037
1F YES, 70J32 M115R040
GENERATE LCCATIONS OF 11WC M115R043
BOUND VARIABLES. 109-120 M115R047
P29 J3z M115RC50
S-100 SUBPROCESSs SUB3Te IN LCC(C)e $=100 60W2 M115R055
50W1l M115R060
12W2 M115R07C
FIND SUBSTITUTORs IF ANY J10 M115R080
T7C0J4 M115R090
4OHC M115R100
TEST IF A VARIABLE P8 M115R11¢C
70 5-101 M115R120
IF AN EXPRESSIONs COPY [T JT4 M115KR130
J136 M115R14¢C
STORE IN LCCATION 9-101 21wW2 J4 M115R150
1 R
CREATE LIST OF FREL VARIABLES IN M11lé J90 M116R000
TEX (0)e SETS H54 NO QUTPUT IF - J50 M116RQ10
GET MAIN SEGMENT. J81 M116R02ZC
709=-1 M116R030
105-100 M116R0C4C
GENERATE LOCATICNS OF FREE VARSe p28 M116RD6C
9-1 11wWC M116RQ7C
40HC M116RC80
30W0 M116R0SC
TEST IF ANY FREE VARS. J78 M116R100
70071 0 M116R110
5-100 52HC M116R120
11WC M116R130
Jé M116R140
ADD TO QUTPUT IF NOT ALREADY CNe J66 J4 ’ M116R150
1 R
M117 FIND LIST OF BOUND VARIABLES M117 P31 M117R000
IN TEX (C)e 4CHT M117R0O1C

H5~- MEANS NO OUTPUT. J78 M117RCZ20



P2 TEST IF (U) IS A BOUND VARIABLE.

CLEAR DESCRIPTICONS OF TCOTAL
EXPRESSION (0)

P4 GC THRU NOTS OF SEGMENT CYs

LEAVE 1587 UNKNCTTED SEGMENT.
HS5— MEANS NO QUTPUT.
GUITs H5+ MEANS NORMAL EXITe
FIND SUBSEGMENT OF NOT.
IF NCNE QUIT —s ELSE LTOP.

PS TEST IF MAIN CONNECTIVE
OF TOTAL EXPRCSSION
IS IMPLIES.

2

P& TEST IF (u) 15 NOT UNARY.

P7-TEST IF (T) IS CONNECTIVE

TZsT IF {Cy 1S VARIAGBLE

TEST IF (1) I3 FREE VARIABLE

P12 FIND MEX OF TEX (O)e
P13 FIND LEFT SIOE OF TEX(D).
Pl4 FIND RIGHT SIDE OF TEX(C)e
P15 TEST IF (v) IS IN

INTERNAL (TREE) FORM,
P16 FIND MAIN CONNECTIVE OF

TEX (CY.
GC THRU NOTS.

1

[
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709

700

p2 40HO
10G2
J14

4CHC

10G3
J14

10Q4

P4 12HC
11K2

J2

7044

J8l1

co
P35 P16

720

11K6

PE Ql4
7ce

Peg Qs
P9 Cé
C

P12 J81

P13 JE1
700

P14 Jgl
7060

P15 Q15
708

P16 Jg1
700

Py
700

J8

Jl4

P4

Je

J1

J&

J8

J8

Jsl

J82

J8

Q1

M117RC30
R
P0O0zZRO0O
PCCZROL1D
R
PO0O2RQ0OC
POO3RC10
POO3RC2D
POO3RC3C
POO3RO4C
PCC3RC50
POO3R0O6Q
R
POD4RCOO
POO4RC1D
POO4RC20
POO4RC30
POJ4RC4C
POO4RCEC
R
POC5RCOO
PCCOSRC1O
POCSRO20
R
POCERCOOO
PCCBROLC

R
PO15R00OC
PO15R0O10

R
PC16R0O0OC
PO1&RC1C
PC1eR220
PC16R130



P17 CREATE COPY OF SEGHENT (0)
IF NOT A SIMPLE VARIABLE.

COPY AND MARK LCCAL.

P18 TEST IF (0) IS A
CHARACTER &YMBCGL

GET APPROPRIATE INTERNAL
CHARACTER SYMBOL (0) FOK
EXTERNAL CHARACTER SYM30L (Q)e.
IF REPLACEDs QUIT +.

P20 MAKE FAKE TEX WITH LEFT GSIDE
OF TZX (O)e.

P21 MAKE FAKE TEX wlTH RIGHT SIDE
OF TEX (0)e

P22 CREATE NEwW SUBPRCBLEM WITH
SEGMENT (0) ON THE LEFT
SEGMENT (1) ON THE RIGHT,
AND IMPLIZS AS CONNECTIVE.

CREATE MEX.

INSERT CONNECTIVE,

CREATE T=ZXs CLEAN UPs QUIT.

m

FRASFE MADE EXPRFSSION (2)
DELETE MAIN SECMENT

P24 MAKE TEX FROM MEX (C)e

DESCRIBE AS IN TREE FORM.

P25 COPY TEX (C) FOR SUBSTITUTICN.
CLEAR EXTERNAL NAME

AND CLEAR DESCRIPTIOMS,

P26 GENERATE SEGMENT LOCATIONS AT

LEVEL (2) OF PRCOBLEM (1) FOR
PRCCESS (0.
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P18

P2C

P21

P22

P25

Pzé

40HC
P8

J74 J13é6

P19

T0JE ¢

6 J8

70C P24

Pla
7Cc0 P24

4OWC
P17
J6
P17
452
J136
6OWC
11K5
21wN
P24 J20

40HC
J6D
JE8 J72

OO
O
—

[ERESRN
[ I N A

O

[y
oWy

J11

JT4
42OHC
1087
Jl4
40H0 P3

10W1
J17
Jel

K
PO17RO0C
PO17RC1C
PC17RC2C
PO17RC30

R
PO1BRCOOC
PO18RO1C
PO18RC20
PO18R0O30

R
PO1SR0O0D
PO19RQ10
PO1SR020
PG19RC30

R
PO20R0O0OC
POZORO1C

R
POZ21R0OCC
PCZ1R0O1C

R
PO22R00OD
PC22RQO1C
PC2z2RC20
PO22RC3C
PO22R240
PC22R0O50
PO22RC60
PC22R270
PO2ZR0O8Z
FG22375C

R

Pn23RCOD
PO23RD1C

PO23RC20
R

POILROGO

POZ4ROLO

PC24R020

PL24RG3D
R

PC25R000
PO2BRO1D
PO25R(020
PC25RC30
PC25RC40
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700-1 PC26RC3C

4OHO PO26R0O6D

TEST IF MEX 1S A VARIABLE. P8 PO26ROTO

IF YESs QUIT. 70 9-2 PO2&R0OBO

IF NOs REVERSES Je PO26ROSO

10N1 PO2ZERLINDG

CREATE COUNTER wITH VALUE 1s AND J120 PQ26R110

SAVE BOTH LEVEL AND COUNTER. J21 1Wl=LEVEL P0O26R1290

1C6-100 1WO=CCOUNT P026R130

GENERATE SUBSEGMENT 9-200 PO26R140

LCCATIONS FOR 9-100. 11W0 PCZO6R150D

ERASE COUNTER AND QUIT. J9 J1g PO26R160

PCP HO» 9-2 20HC PO26R17D

POP HOs AND GUIT. 9-1 30HC J1% PO26R18BO

SURPROCESS 9-10C. 9-102 11W0 PO26K19C

11wl PO26R20C

TEST IF THIS IS THE LEVEL. J1la PO26R210

IF YESs FIRE J18. 70 J18 PC26R220

52HC PO26R225

IF NOs GENERATE 109-109 PO26RZ30

SURSEGMENTS FCR 9-1CCe 9-220 0 PO26R240

SUBGENERATOR $-200. G-200 14WO PO2&R2EC

J17 POZ6RZED

11wWC PC26R2T7C

CREATE NEW SUBLEVEL COUNTER. J122 PC26R280

BUMP COUNTER. J12s5 PCZERZSC

20W0 PI26R300

40WC PO26R31C

LCCATE NEXT SEGMENT PLACE. 9-201 JES PC26RA2C

IF NONEs QUIT. 705-203 PC26R23C

IF FOUNDs PRESERVE LCCATIONS 4OHC PO26R34C

12HC POZERRED

TEST IF SEGMENT IS A VARIABLE. Pg PO2ERZEL

IF NOs FIRE Ul8a : 709-2C2 PO2Z6R3T0

IF YESs LCOP TO LOCATE. 3CHC 9-201 PO2ERRED

6-202 J1s PO26R29C

IF J18 QUIT+»> LOCP TC LOCATE, 70 9-201 PC28R400O

IF J18 QUIT-» 9-202 51wC Pr26R41C

30W0 PO2ERL2D

SRASE COUNTER aMD QUIT. Jo J16 PC26R5720
1 2

P27 REPLACE BOUND 8Y FREE IN (0)e P27 Ja3 EOZTRO0DD

6OWS 1WC=TEX PO27RO1C

CREATE LIST OF BOUND OF 1WUe P31 FO2TR0O20

60W1 IW1=BNDOLSTPC2TRO2D

LOCATE FIRST ©OUND. J60 P227R0O40

20W2 1W2=BNDLCCPO2T7R050

IF NO BOUND»s QUIT. 709-1 PC2TROED

11WC E027RO70

CREATE LIST OF FRLE OF 1WO. P3C POZTROBO

50W3 1W3=FREELSPO27R029C



GEN FREE VAR TC BE MARKED.

GEN SYS FREE VARe. TO REPLACE.
H3+ MEANS NOT ENCUGH FREE VAR.

FIND MAIN SEGMENT.

IF NONEs SKIP IT.
REPLACE IN MEX FRCM 1wle

GEN FREE VAR TG BE UNMARKED.
ERASE CREATED FREE LIST.

FRASE BOUND LIST.

G-1CC SURBPROCESSs INSERT
AFTER SYMBOL IN 1W2
IF (3) 1S UNMARKED.
THEN ADVANCE TO NOXT
AFTER CELL HOLDING
INSERTED SYMBOLa

()

MEANS QUIT GENERATO

QUITs H5- 0
UNMARK PROC

R
9-2.0 SUBPROCESS, £

GENERATE LOCATIONS OF FREE
VARIABLES WITHIN SEGMEN

FOR PROCESS (0.

-4 A}

1)

TEST IF INPUT SEGMENT IS
IF SGCs QUITe

LOCATE NEXT SUBSEGMENT.

TEST IF SUBSEGMENT 1S FREE VAR,
IF SOs GENERATE LOCATION.

TEST IF SUBSEGMENT

IF NOTs GENERATE SUBSEGMENT.

VARIABLE.

15 VARIABLFE.

1
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NoJNe]

Ko o]

!
w N

164137
J10¢0
10L2
109-1C0C
J100
70
11wl
11WC
J81
70
J8
M115
11W3
109-200
J10¢0
11W3
J71
11wl
J71
4QOHC
J133
70
11W2
J6
J64
11W2
J69
J60
20W2
31HC

oW
J17
6 f\ ‘lv" :
28]
70
1140
JE0
20WC
70419
12W0
P9
709~-1
11wW0
J18
70J19
12WC
PB
70
12wW0
10J18

(o
w
W

[y
0

pPo27RICC
POZTR1LD
L2=SYSFREEPC27R12C
PO27R13C
POZ2TR14C
PO27R150
IW1=SUBLSTRPO27K160
PO27R170
PO27R175
PN27R18¢C
PC27R185
PC2TR1G2
PO27R195
PO27R200
PC27R210
Po27Rr22C
POZ27R23¢C
PC27R240Q
PO27R250
PO27TR260
PC27R270
PC27R280
PO27R2GC
FQ27R300
PC27R310
PO27R220
PO2T7R23C
POZIR240
PC2TR2E0

PCZTR3E0

X

»

o
A A A

OO0

w0

00 momoe @
VRO v I VIR O e ¢

ARG EEAG RN AU REAN B LSRR LN IR AT AW ]

NG
£
I

oo
b 0D 0D D () 33D

(S BENCINS BN I GRS N IR S IV e

OO DO OO OO
20 OO OGO OO OO

L0 S 0 0 B O e v B & B 0

Pg2
PO2ERLLD
PO23R120
PO28R130
PO28R140D
PC28R150
PO2BR1E0
PO28R170
PO2BRIBC
P028R19C



P29 GENERATE LCCATIONS OF BOUND
VARIABLES WITHIN SEGMENT (1)
FOR PRQOCESS (C).

TEST IF INPUT SEGMENT
IF YESs QUIT H5+.
IF NO»

LCCATE NEXT SEGMENT

IS VARTARLE,

IF NCNEs QUITs HS5+e

TEST IF FREE VARIABLE.
IF YESs GET NEXTe
IF NOo

TEST IF BOUND VARIABLE.

IF NOs GENERATE ON SEGMENT.
IF YES, FEED LOCATION
TO PROCESS.
IF H5-» SUBPROCESS SAID QUIT.
INPUT SEGMENT.
INPUT PRCCESS.
GENERATE LOCATIONS CF BND. VAR,

CREATE LIST OF FREE VARIABLES
IN TEX (O}
MAIN SEGMENT

IF NONEs CLEAN UP>»

P2C

FIND
GUIT.
GENs LOCATICNS OF FREE VARIABLES
ADD FREE VARIABLE

IF NCT CN.

SUBPRCOCESS,
ZHC TO LIST 1wC
QUITs H5+ FCOR GEN,
P31 CREATE LIST OF
IN TEX (3.

MAIN SEGMENT.
IF NCNEs CLEAN

FIND
UPs QUIT.

GENERATE LOCATICNS OF BOUND VAR

ADD BOUND VARIABLE
IF NCT OCNe

SUBPROCESS
2HG TO LIST 1wl
QUITs H5+ FOR GEN.

P50 CONVERT LOGIC EXPRESSION

INTERNAL (TREE) FORM IF IN
EXTERNAL (LIST) FORM. ENTIRE

BCUND VARIAELEZS.

() 7C

1

1
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psC

P28

10WC
J17
60W0
P8
70
11WC
JEO
20W0
T70J169
12W0
P9
72
12W0
=]
706-1
11WC
J18
70J1%
12WC
1¢J18
P29

Je0
J50
Jg1
709-1
109-1C2
P28
11wC
52HC
11wC
J6
J66

JG0o
J50
Jal
709-1
1¢9-100
P29
11WC
52HC
11W0
J6
J66

40HC
P15
70

J169

J30

Jé

J8

Iwe=L1sT

Po28R200
R
PC29RCCQ
PC29RQ10
PC29RC20
PO29RC30
PC29R040
PO2%RG50
P0O29R0OEO
PO29RO7C
PO29RCED
PO29R0OG0Q
P0O29R10C
PO29R110
PO2SR120
P0O29R130
FO29R140
PO2SR15¢
PC29R16C
PC2%R1T7C
PQ29R180
PCZYR190
PQ29R200
R
PQO2CR2OC
PC30RCIC
PC3CRC20
PO30R0O3C

e
=~

O DO D O

WL W L)
O G D~ O

18

SO0 OO OO

D OO SO0
3000 D00
[SEONONGNON® NS

T U WU T UOo

(5%}
(&
[—

R
P2321ROOC
FPC31RCLID

C31RC20
PO21RC3D
PO31R0240
PO31R050
PO321RD60
PO31RQ7C
PC21IRCEQ
PO31ROSC
PO31R1DD



EXPRESSICN MUST BE
NO

IN PA
H5- M

RENTHESES,
EANS FATLURE.

ENCLOSED
QUTPUT.

CREATE NEW MAIN SEGMENT.

1F
SAVE NEW

SAVE OLD
DISCARD

FAILED,
MEX e

QUIT.

HEAD
CLD LIST.

INSERT MEX UNDER OLD HEAD.

DESCRIBE
P51 REPL
CONNE

IF (O
L1s7

LOCATE

LOCATE
LCCATE
IF NOT

TEST IF
IF NO

IF YES
FIND INT

REPLACE

CONNECTIVE

AS IN

ACE ALL
CTIVES
y 1S
FORMe

FIRST DELIMITER

SECOND DELIMITER
QUIT.

ALL THERE,

2ND

INTERNAL FORM.

DELIMITED EXTERNAL
IN EXPRESSICN
IN EXTERNAL

(0}

IN LISTe.

{EXTERNAL FORM).

IN LISTe

IS SAME AS 15T,

Ts TRY ON REMAINDERS

s DELETE 2ND»

ERNAL FORM,

EXTERNAL »

DELETE FIRST DELIMITER,

RESET AN
ALL DONE

P52 CREA
LIST

D 0O

IT AGAIN.

s CLEAN UP AND QUIT.

TE MAIN
{(O)e

SEGMENT FROM
H5- MEANS NO OUTPUT

DUE TO BAD EXPRESSICN.

9-1CC SUBPROCESS CREATE NEXT SGMNT.

H5-~ MEANS NC QUTPUT.
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P51

J&l
EDOWQ
P51
11w0
P52
7CJ321
6 QW 1
51WC
JT15
JT1
11wW0
11wl
Jb64
11wl
10Q15
10Q15
J11 J31
40HO
P15
70
Ja2
ECWC
11K7
J62
709-0
60W1
J6C
60W2
JED
TCe~0
1240
11K7
J2
709-10
Js8
10LE8
12W2
J10
708~-1
21W2
11wl
J68
11wW0
30HC

J8

§-10
J32

Jal
20wl

9-100 J31
04JC
11wl

1Wwo=LIET

Iwl=L0C1S8T

PO50RC30
POSCR240
PG50R050
PC50R0EC
PC5CRCTQ
PO5CRCTH5
PO50R08BD
PO50RCI0
PO50R10C
PC50K110
PO5CR120
POSCR130
PC5CR140
POSCR19C
PO5CR200
PC5CR210
PO50R228
R

FOS1RCOO
PC51RC0O5
PCE1IRO1C
PC51R0O15
PO51RC20
PC51RC2E
PO51RQ3C
PC21RCAD

351R259
POE1RCEC

1w2=LOCONNPOELIRCTC

1wl=CURLOC

1wl=CURLCC

PC51R080
PO51R0O90
PC51R100
POEIR1IC
PO51R120
POS1R130
P051R140
COS1R1TC
POS1R18C
PO5IRISC
PC51R200
POZ1R210
PC51R220
POS1R230
PC51R240
PC51R250
R
PO52R0O00
PO52RC20
PO52R020
PO52R0O40
FO52R050
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LOCATE FIRST OF EXPRESSION

IF NONEs QUITe

TEST IF OPENING PAREN.
IF YESs BUILD SEGMENT.

TEST IF NOT.
IF YESs BUILD SEGMENT.
TEST IF VARIABLE.
IF NO QUIT.
CUTPUT VARIABLE.
$-101

5-1013

9-102

TAKE ERROR ACTICN,s THEN
ERASE USELESS SEGMENT.
G-104

OQUTPUT SEGMENT.

5UILD SEGMENT 9-110

CREATE 18T SUDBSEGMENT.
IF NONEs CLEAN UP,

INSERT 15T SUBSEGMENT.

GUIT.

LOCATE NEXT SYMBOL.

TEST IF CONNECTIVE.

IF NDOTs CLEAN UPs QUIT.
INSERT CONNECTIVE.
CREATE 2ND SUBSEGMENT.
IF NONEs CLEAN UP»
INSERT 2ND SUBSEGMENT

SUIT.

LOCATE NEXT SYMBOL.

1F CLOSING PAREN,
IF NOs CLEANYP, QUIT,
BUILD NOTTED SEGMENT.

TEST
G-120

NOT THE HEAD.
CREATE SUBSEZGMENT.

IF NONEs CLEAN UP AND JUIT.
INSERT

9-2CC SUBPROCESSs SET UP EMPTY SEGe 9-200

J6C
20wl
709-131
12W1
101

J2
70
12wl
11K2

J2
70
12W1

P8
709-101
12wl
11wl
12714

9-101
11wC

J72
11W2

Ji136

9-2C0

G-100
7095-102

9-3C0
11wl

J60
60W]
52W1

P7
T09=-103
12W1
21wWC

8-100
706-102

S-3090
11wl

J69D
60wl
52W1
10

J2
709~-103

=200
12W1
21W0

G-100
709-102

9-300

J90

[aR I AN

(S1ERN AR LIRS A NN LRG3

WUV WVWOU
DO OOCO O

5-110
P0O52R130
P0O52R140
PO52R15¢Q
PO52R160
PC2E2R1TO
PO52R18C
P0O22R190
e P052R200
P052R205
PO52R210
PC52R220
PC52R230
POS2ZR24C
POS2R25C
PO32R260
IWC=NEWSEGPC52RZ7C
POS2R28¢C
PQ52R290D
P$52R300
PO52R310
POS2R320
PO52R33C
PO52R340

1K2= NOT

J63

J30

J30

POE2R&LOD
PCE2R41IC
PC52R420
P052R&30
PC52R440
E052R450
POoS2R4s0
PC22R4T70
Po52R4EQ
POS52R492
P052R500
POS52R51¢C
PC52R520
PO52R530
PO52R54¢C
PC52R550

9-10C4
Jso



¢-2CC SUBPROCESS,

INSERT

SEGMENT

P55 LOCATE SUBLIST FOLLOWING

DAT

A TERM (0)

CN LIST

H5+ MEANS PUTPUT (0)
CELL HOLDING SUBLISTa
H5- MEANS OQUTPUT

TEST IF

1F

TEST 1IF

SET uUP CELL TO

IF
IF

CELL AFTER wWHICH TO INSERT.

PAST
YESs QUI

EQUAL «
YESs QUI

(0y 1Is

T, HB-.

Ts H5+.

(1))
IS

NOs MOVE DOWN THE LISTe

INSERT AFTER.

SET UP CELL HCOLDING SUBLIST.

Q1 FIND CONNECTIVE OF SEGMENT

TEST IF

@2 FIND NO.
MEANS DEF
FIND VALUE ON DESCRIPTION
GO COUNT LEVELS

CLEAN UP,

HS -

IF
1F

IT 1S

NONE »
THERE »

CF LEVELS OF TEX

ECTIVE E£X

CREATE LEVEL DATA TERM =

CREATE COUNTERS

SAVE CCUNTERS

FIND MEIX,

IF NONE
IF THERE,

ERASE COUNTER.
INPUT LEVEL»

ASSIGN LEVEL

OF

IF HS=~,

IF

HS5+

LEVELS

TEXe

CLEANUP,

(D)

A CONNECTIVE.

(0)e
PRESSION.
L1IST.

QUIT +.

ZEROQ.

QUIT".

COUNT LEVELS.

ERASE LEVEL.,

1wl AS VALUE

G2 OF TEX 1w2e
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11WC
J6

J4l
20wWC
60W1

J60
70J31
12HC
11WC

J116
70
12H0C
11W¢C

J114
70

J60
70J7
51wl

J3

J60
7047

J8o
700
40HC
P7
708

40HC
10Q2
J10
709-0
Jb
10N19
J123
J136
40HO
J120
Js52
11w2
Jgl
709-1
9-1C0
11W0
Jo
11wl
709-2
11w2
11wl
10Q2

J65

9-1

9-3

J21

J31

O

PO52R560
P0S2RE270
R
PO55RC00
PC55RC1Q
PO55R020
PO55R030
PO55RC40
P0O55RCS5C
PO55K0ED
PO55R0T0
PO55R080
POS55RCS0
P0O55R120
PO55R110
PC55R120
P055R13¢
PO55R140
P0O55R150
PO55R1€0
PC55R1T70
PG55R180
R
QOC1RCOO
QO01RC1O
QO0C1R02C
G0C1RC30
Q001R24C
R
G0C2R0O00
Q002RQ010
Q002R020
QO002RC30
QC02R040C
Q002RC50
Q002R080
QCQ2RCTC
QCL2R230

UNTRGO22R0GO
1wl=LEVEL QOC2R10C0

QCC2R110
QO00Q2Ri20
GO002R130
Q002R140
Q002R150
Q002R160
QOC2R17C
Qo02R180
QCD2R19C
QQ02R2Z02C
Q002R2190



QUIT +s OUTPUT (O

5-1CC SUBPROCESS.

CREATE COUNTER EQUAL TO THIS LEVEL.

IS5 LEVELS

COUNT SUBLEVELS,

PRESERVE PREVICUS COUNTER.

TEST IF SIMPLE VARIABL
IF YESS
IF NO,
THEN QUIT + CR-o
UPDATE LEVEL.

TEST IF COUNTER GREATER THAN LEVEL.

IF NOs GQGUIT +e.

I1F YES,

g
e

UPDATE LEVEL.
COUNT SUBLEVELGS

SET LEVEL SAME AS COUNTER.

SET H5+.

ERASE COUNTER OF THIS LEVEL.
TRy QUIT.

RESTORE PREVIOUS CCUNT

G3 FIND NO.
IN TCTAL EXPRESSIOCN

FIND AS VALUE IN DESC.
IF THERE,
IF NONEo>

CREATE FREE LIST,
SAVE 1T,

COUNT 17,

MARK COUNT LOCAL >
AND SAVE FOR QUTPUT.,

FRASE FREE LIST.
CREATE BOUND LIST,

SAVE IT,
COUNT ITs

ADD IT TO OUTPUT DATA

ERASE BOUND LIST.
ERASE BOUND CCUNT.

OF DISTINCT

CLEAN UP,
COUNT VARIABRLES.

(0) e

LIST.
GUIT +e

TERMe

VARIABLES
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9-2
9-100

9-102

g-103
9-101

9=0

J1l1l
JG
11wC
Jl12¢C
J125
JS50
40HC
P8
G
1C9-1C0
J100O
51W1
11wWG
J115
709-1C3
11we
11wl
Jlz1l
30HD
Ja
11wl
30wW0

40HD
10Q2
J10
709~-2
Jb
Jaz
62WC
P30
&0Wl1
J1z26
J136
60W2
51W1
J71
11w3
P31
6CW1
J126
40HC
11w2
11w2
J110
51W1
J71
Jg
11WC
11W2
10Q3

JG

JB

1Wo=TEX

1wWl=FREE

Q002R220
Q002R230
QQJO2R240
Q0C2R25¢C
GOC2R260
QoC2R270
QC02R3200
QCO2R310
Q0C2R32¢C
QO002R330
QOC2R340
Q002R350
GCO2R360
Q0C2R370
Q0C2R380
Q0C2R3SC
Q002R400
QO002R41¢0
QO002R420
GCC2R4320
GC02R440
Q062R450
R
GO232R00C
GOC3RC1C
Q0C3RO20
Q003RC30
GO03RC4D
QCC3RC5C
QOC3RQO6C
QOC3RC70
GCC3RCEC
QCO3ROSC
Q003R10C

1W2=0UTPUTRCO3R11C

1w1=5CUND

QC03R12¢C
JQCO03R13C
GCO03R14¢C
QOC3R150
QCC3R160
GCL3R1TO
G0C3R18¢C
GOC3R190
QCO3R200
QOC3RZ1C
Q003R220
GOC3R23C
Qo0O3R24¢C
Q003R25C
Q0032R260

Q0C3R27C



ASSIGN AS VALUE OF G2.

CLEAN UP AND GQUIT.

Q4 FIND NO. OF VARIABLE PLACES
IN TEX (C)o
FIND AS VALUE OF DESCe LISTe
IF NONEs GC COUNT PLACES.
IF THERE, CLEAN UPs QUITs HE+e

SET UP THREE CCPIES OF TEX NAME.

GENERATE FREE LOCATIONS FOR TALLY.

GENERATE BOUND LOCATIONS FOR TALLY.
SAVE QUTPUT DeTe

ASSIGN AS VALUE OF Q34 OF TEX.
DISCARD (23)s TALLY (1),
ATTRIBUTE--VARIABLE
ATTRIBUTE--FREE VARIABLE
ATTRIBUTE-—-EXTERNAL NAME
FIND PROBLEM

NUMBER OF (O)

09 ATTRIBUTE--BOUND VARIABLE.

FIND PROBLEM (0) DERIVED FROM

FIND METHOD OF DERIVATION FOR (Q)
FIND THEQREM USED FOR (0)

FIND PROVING THECREM FOR (0)

Q14 FIND TYPE OF CONNECTIVE (C)e

Q15 ATTRIBUTE —- INTZRNAL FORM.

Q16 FIND EXTERNAL NAME OF (0)

IN TABLE T1C.

[

$d
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9-100C

Q10

~11

212

Ql4

015

Qle

Ji1l
11wW2
J32

40HD
10Q4
J10
709-0
Jb
4QHC
40HC
JG0

J136
J124

Jé

109-100

P28
J6

109-100

P23
43IWC
60WQ
10G4

J11
1WQ
OHO

1
3
10Q5
10Q6

1007

10012
10Q13
10Q14
1CQ15

1¢cT10
Jé

Jé

J&

J30
J125

J10

J10

J1GC

J10

J1C

J1C

J10

J10

J10

1w0=0UTPUT

DR BED)
[oNeoNe)
[eNeNel
2 A A
W R R
O O™
[oNeoNe]

L A W)

R
Q004R0O00
Q004R0O10
Q00&4R0O20
Q004R030
QO004RO40
QQOO04R(C5C
G004R060
QQ04R0OT70
Q004R080
QO04R0OSC
QCC4R100
QCo4R110
GO0G4R120
Q004R130
QO04R140
QOC4R152
O0C4R160
JOC4RLITC
GO04R180
QT04R19C
Q004R200
QCCcak210

R

]
O
(&
gt
[
[
O

¢

[P
(:HW
-~

[}
[0}
[}
o
D0 000 A
(@] (o]
(@] O
O O

GCce8Rgooe

Py

QCCSRLCC

©
(&
|t
@]
«>
(]
@]

o
@}
ot
Yt

b
(@]
(]

]
O
—
r
(]
O
(@]

9]
(]
1

»

LD LD ALK
O < >
(o)

(]

Q014RCOC
R
G015R000
R
Q016RCCA
Qol6RC1C
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1 R
Q17 FIND LEVEL OF SUBSEGMENT Q17 40W0 QC17RO0OQ
REPLACEMENT IN TEX (O)e 60W0 QC17RQ10
10Q17 G017RQ2¢C
FIND CURRENT LEVEL. J10O QO017RC30
IF NONE» 70 J30 Q017RO40
11WC QO017RCS50
FIND NUMBER OF LEVELS» Q2 QO17RC6EDC
IF NONEs QUIT - 70J30 Q017R065
COPY J120 QO017R0O70
SAVE ONE FOR CUTPUT, 40HC QQ017R082
11wWC Q017RC20
Jé QO017R100
AND ASSIGN AS CURRENT LEVEL. 10017 QC17R11¢
30W0 J11 QO17R120
1 R
@18 FIND SUFFIX OF EXPRESSION (Cls Q18 10318 J10O G018R0Q00
1 R

0

1CL9 QGO1S9RQ00
Jé J10 QO01GkQ10

Q19 FIND CHARACTER SYMBOL FOR 1'0). Q1



DATA
FREE

FREE

FREE

FREE

FREE

HEADER
VARTABLE

VARIABLE

VARTIABLE

VARTABLE

VARTABLE

VARIABLE

m

N
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)

Q5

N
(&

Q6

~
\w

Q7

+21A

OOODHO
~N P

+210D

Q5
Q5
Q6
Q6
Q7

+21E

Q5
Q5

Y
D] -—

A0C0DC00
ACO0DC10
AOQODO20
ADCCDC30
AQOCODC4&D
ACOODCS50
AQCOD0ED
ACCODOTC
ACCODCS8D
BO0OODCOO
BocCcoDO10
B0O0OGD220
g000D03C
B0O0ODC4C
BOOODCS0
BO00D06D
BCOODCTO
BOCCDOEBO
cooQDeos
Coo00cC10
ceeebozo
CcoceDC30
cooobean
Coo0De5e
Co20Do6L
cecoobe7o
ccoobogo
oCoebooc
ccecbelo
pooecbezo
poocbo3e
pooobe40
DOCSDOSC
pooebose
DoCCoC7C
DOOCDCEO
£002D000
ECOODC1O
ECOCLO20
ECOODO3C

coobosc
ECOODCS0
EcooDeo60
E0CODO70
Foocbos8eC
FoooDoo0
FoooDo10
FOoOCDC20
FOO0ODC30



FREE VARIABLE G

HC LUBRICATION.

IMPLIES

K2 SYMBCL FOR CHARACTER Ko

HOLDS *OR

HOLDS *NOT!
HOLDS  'AND?
HOLDS 'PROVEN EQUIVALENCE!

HOLDS 'DEFINITIONAL EGQUIVALENCE!
HOLDS fIMPLIES!

K7 HCLDS CONNECTIVE DELIMITER.
K1C PREVIOUS PROBLEM NUMBER.
SUBSTITUTION COUNT

EFFORT BASE (AND TOTAL).

LIMIT ON NO. OF SUBPROBLEMS
LIMIT ON NO« OF SUBSTITUTIONS
LIMIT ON EFFGCORT

K31 DON'T PRINT REJECTS IF HOLDS NO

K41 VALUE = METHOD COLUMN.

K42 VALUE = NAME COLUMN,

K43 VALUE = EXPRESSION COLUMN.
Kaes4 VALUE = tLIMITY COLUMNS
K45 VALUE = 'ACTUAL'Y COLUMNo.

K46 VALUE 'REJECTEDY COLUMN.
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HO

K1
K2

K3

K4

K5

K&

K7

K10
K11
K12
K20
K21
K22
K20
K31
Kal
K&?2
K43
Kéb
K4s
K46

+21

+21

+21

+21

+ o+ o+ 4+ +

01
01
01
01
01
01

Q6
Q6
Q7
0
F
o]
Q5
Q5
Q6
Q6
Q7
o]
G
*]
*2
*73
*4 o]
0
o]
Ql4
Ja
G7
0
I
0
¢
Q7
0
K
VO 0
-0 0
*0 0
=C 0
= 0
10 0
L ] o
0
0
0]
100
10¢C
100 0000
F
NC
10
40
50
20
40
20

FOO0DC40
FCoobDC50
FOOODC6O
FOQODOTC
FcocbDe8so
GO0CDCO0
G0o00DO10
Go0oCD020
G00CD0O3C
GOoo0oD0o40
G000DO5C
G0O0D0o6D
GO0o0D070
GoooDo80
HO00DOOO
HOCODO10
HOCODOZ20
HCOODC3C
1600D0OCC
Ioecobolo
10000020
1008DC30
10000040
10C0D050
1000D060
KCooDQ0oo
Kgcooboe1o
KcoobDo2C
KC00D030
Koeobo4so
K001D20Os
K00o2DC0oC
K003D000
K0oo4DOOO
KC050000
K006D000
KS37DC00
K01000090
Ko110000C
K012D00O
Kn200C00
K221D0000
Ke22D000¢C
Ko30Dcoc
K031D00O
k0410000
K042D00C
K0&43D00O
K0&440000
Koa50000
K046DCO0



-173-

K47 VALUE = NAME CF NEW SUBPROBLEM K47 01 11 COLUMN. KO47D000
K48 VALUE = THM, METHOD COLUMN,. K48 01 43 K048DC0O
K51 DATA TERM (¢ K51 21t K0510000
K52 DATA TERM 1)1 K52 21) K052DC00
K53 DATA TERM 1, Ke3 21. K053D000
K54 DATA TERM 14! K54 21 K054D000
L0 SYMBOL FOR CHARACTER L. L 0 LOOCDCOC
0 LOCODO1C

Q7 LOQOD0O2C

G Lo00OL030

+21L LO00OD240

L1 TRUE THEOREMS AXIOMS DEFINITIONS L1 ¢ 0 LO21DOOO
LIST OF FREE VARIABLES L2 0 L.00c2D00C
AC LoczabDC1O

B8O LC02D020

ce LC02D030

DO LC02D040

EOC L002D050

Fe L002DC6C

GO C Locz2bgoee

L3 PROBLEM LIST FOR MULTI PROB EXEC L3 0 0 (M2) L003DC00
TRUE EXPRESSIONS MAPS La 0 0 LCC4DOO0O
LIST DESCRIBED BY L4 LS La 0 LO0SD0O00
L6 LIST OF METHODS FCR ORIG PROBS Lé ¢ Loecebo0oo
Mlé LC06D0N1C

M17 LG06D020

L7 LIST COF METHODS FOR PROBLEMSS L7 0 ) LC670000
DETACHMENT . M11 LOC7DC10
REPLACEMENT. M13 L00700C10
FORWARD CHAINING. Mlé4 LCOT7DO1C
BACKWARD CHAINING. M15 LOO7D210

L8 DESCRIPTION LIST TABLE CF L8 0 LC08DOOC
DELIMITABLE EXTZRNL CONNECTIVES c L008DO1O

= Lo08D029

=1 LO0EDO3D

L9 DESCRIPTION LIST TABLE OF LS 0 LOCsSDoCo
CHARACTER SYMBOLS FOR ¢ L0C9DC1C
READING TEXT. ¢ LOC9D020

/10 LC0O9D025

1 LC0o9D0O3C

/1 L00SD040

2 L 0C9D05C

/2 LOO9D06D

3 LOOSDO70

/3 LOCSDCEBO

4 LO0CSDO0GO

/4 Loo9D100

5 Loo9D110

/5 L0o0%9D120

6 L00%9D130

/6 L009D140



UNTRIED PROBLEMS L1IST
L11 FOUND PROBLEMS LIST.
MO SYMBOL FOR CHARACTER M.

NC SYMBOL FOR CHARACTER N

1 INTEGER CONSTANTS.

D SYMBOL FOR CHARACTER O

O

VARIABLE P

VARIABLE Q@
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L1C
L11

N1
N2
N3
N&
NS
N6
N7
N8
NS
NI1C

+21N
+01
+01
+01
+01
+01
+01
+01
+C1
+01
+01

O O
~

+210

Q5
Q%
Q9
Q9
Q7

+21P

loNeNe]

OO OO WU £ WA=

LO0O9D150
L 0090160
LO09D170
LCO9D180
LCC9D1S0
LOGSD200
£ 0090210
LOGS9D220
L009D230
LO0OSD240
LOOSD250
LO0SD260
£L010D000
LO11D0OO0O
M000D000
MOo00DO10
MO00D020
M0O0CD030
MQCCD040
NOOCDCCC
NOCODC10
NOOODC20

0CCD030
NOQOOCDC4O
NCC1DeCo
NOC2DO0O0O
NC0O3D0CC0
NOO4DOOO
NOO5D0O00
NOOEDC0O
N2QTDO0OOO
NCO0BDOGO
NOOSDOCO
NC10D0OOC
0000D00C
00C0D01C
ooeobozo
CCo0D0o30
0oco0D040
PO0OCDCOO
POOODO1O0
POCCDCZO
POQODC30
PO0O0ODO0O33
poooDe37
poooDCcs4C
pPQo00DO0O50
POCCDO&O
Q000D000
Qoo0obDo10
Qo00Do2o



VARTABLE

VARIABLE

VARIABLE

T1 *'GIVEN?!

T2 tPROOF FOUNDS!

T3 *SUBSTITUTION!

T4 *QeEeDe!?
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wn

T1

— 0 WOV
1
W N =

(WO

— 0 O 0
I
[SSEN I

Q5
Q9
Q9
Q7

+21Q

Q5
Q5
Q9
Q9
Q7

+21R

0

Q5
Q5
Q9
Q9
Q7

+215

el
{

Q5
Q5
Q9
39
Q7

+217
G

21GIVEN
0

215UBST
2117TUTl
210N

¢

(@]

Q0000030
Qo0o0De33
Q000D037
Q0C0D040
Q000D05%0
QoC0D0o60
RCOOQDOCOC
RO0OCGDO10C
RcooD0O2C
ROCODO30C
RO0OO0DC33
RO0O0D0O37
R0OCODO40O
ROCODOSC
R0OCDO6C
5000D000
5000DC10
S$00C0DC20
S000DC30
50000033
50000037
50000040
S000DC5H0
50000060
TooeDeoo
TcooDC1C
TO00D020
T000D0O3C
T000DC33
TO00DC37
TO00DC40
TOOGDO50
TOOGCD060
TOC1D0300C
TO01D0010
TC01002¢C
TC02ZDOOO
TCCZD010
10020020
T0C20030
T0G2D040
T0C2005¢C
T202D06C
T003D000
T003D010
T003D020
T003D030
710030040
T003D0O5C
TO03D060
T0C4DCOO



T6

17

T8

TG

T10

T12

LIST OF CNE ELANK DeTs

*NO PROOF FOUND:!

VEFFORT !

*SUBPROBLEMS!

tSUBSTITUTIONSY

DESCs LIST TABLE OF NAMES.

'DETACHMENT !
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—~ 0 O
v
N =

— 0 0 — O 0O
oo I I | ~ bt
N W N

—4 0 0 v
|
W o~

Nl |

DO W N

O~ 0 0O
[l |

T12

9-1

9~1

5-2
21QeEeD
21.

21NO PR
2100F F
210UND

215UBST

2117UT1

210NS
9-0

M11
T1z
M12
T3
M13
T13
M1l4
Tl4
M15
T15
M16
T16
e
g-1
9~2
21DETAC

0

T004DC10
TCC4DO20
T004D030
T004DC40
T005DC00
TOC50010
T005D020
T006DC0O0O
Too6DO10
TO0EDD20
T0060030
T006DC4C
T0oC6D0O50
T006D0EC
TO0CT7D0O0OO
T0070010
TO07D020
TO07D030
T007D040
710080000
T008DC1C
T008D020
T008DC30
To08D0O4C
TCCEDO50
T008D060
TCCSDROO
TCOSDO1C
T00SGDC20
TOR9D030
TO0OSDO4O
T009005¢C
TOCSD060
TC1CDGOO
TC10D010
TC100020
TC10DC3¢C
T010D04&0
TG10DO5C
T010D06C
T0100070
T0100C80
T010DC9O
TO10D100
TC16D110
T0100120
TO10D130
T012D000
TC12D010
T012D02¢C
T0120030



T12

T1l4

T1l6

7169

T20

T21

tREPLACEMENT !

'FORWARD CHAINING!

*BACKWARD

*SUBLEVEL

'REJECTED

tACTUAL !

VLIMITY

CHAINING!

REPLACEMINT!

PROBLEM!
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21HMENT

D0 O

-1
-2

9-3
21REPLA
21CEMEN
217

0O N0 DD

£ 0N e

21FORWA
21RD CH
21AININ

21BACKW
21ARD C
21HAINI
21NG

8

OO0 0 C
£ 0o

21SUBLE
21vEL R
21EPLAC
21EMENT

NolNe Vol @)
w N

9-4
21REJEC
21TED P
21R0OBLE
21M

0

9-1

6-2
21ACTUA
21L

0

(&)

[

10120040
T013DCOO
T013D010
T013D02¢C
T013D030
T013D0C40
TC13D050
T013DC6&D
TC14D00O0
T0140010C
T014D020
TC14D030
T0140040
TG14D050
T014D0060
TO14D070
T0140080
T015D000
T015DC10
T015D0020
TO15DC3C
T015D040
T0150050
T015D060
TO15D070
T015D080
T016DQ0OO
TO1€D0O10
TC16D020
T016D03C
TO16D040
T016D05C
TC16D060
TC16D070
T0160080C
TO160000
TC19DC1O
70190020
T019D03C
T019DC40
T019D050
70190060
TO16D0O70
T015008C
T020DCCO
T020D010
T020D020
T020003¢C
T020D040
TC21D000
TC21DC10
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21LIMIT TC21DC2C

T22 'T0O PRCOVE! T22 c T022D00C0
9-1 T0z22D010

9-2 o) 70220020

g-1 2170 PR T0220030

9-2 "210VE T022D0040

723 'REMEMBER PROVED THEOREM?! T23 C T023D0CC
9-1 T023DC10

o-2 T023DC20

9-3 10230030

9-4 T023D040C

9-5 T023D050

9-6 0 T023D060C

9-1 21 RE 70230070

9-2 2 1MEMBE T023D080C

9-3 21R PRO T023DC%S0

9—4 2IVED T TC23D100C

S-5 21HECRE TC230110

G-6 21M TC23C120

T24 'BAD EXPRESSION! T24 0 T0240000
9-1 T024D0C10

9=-2 10240020

9=-3 O T024D030

9-1 218AD E T024DC40

9-2 21XPRES T024D050

G-3 21S1I0ON TC24D060

UO SYMBOL FOR CHARACTER U. J c ucooDeoc
C uoecobolc

Q7 Jo00b020

e Uooeche3e

+Z1U loJefolotexiNe

OR v 0 voooDQeeoo

0 VOCoQCDrl1lo

Qla VOOCDC20

Ja VOOODC30

Q7 VOOCoCs0

0 v000D05C

+21V VOOO0DC6ED

XC SYMEQOL FCR CHARACTER X. X 0 XCc00DCO0D
0 X00GCDC10

Q7 X0c0bo29

0 XQ00D030

+21X Xo0Q00040

YOG SYMBOL FOR CHARACTER Y. Y 0 YCCOoDC0oO
c YO0CDOo1lC

Q7 Yoooebo2z2o

0 Y000D030

+21Y YOO00D0O4O

2C SYMBOL FOR CHARACTER Z. Z 0 2000D00C
e Z2000D010

Q7 20000020



NOT

AND

PROVEN EQUIVALENCE

=1 DEFINITIONAL EQUIVALENCE

+C SYMBOL

/0 SYMBOL

/1 SYMBOL

/2 SYMBOL

/3 SYMBCL

FOR

FCR

FOR

PLUS S10N.

SLASH

DIGIT 1.

DIGIT 2.

DIGIT 3.
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+21-

Q14
J&4
C7
+21%
Q14
Ja
Q7
+21=
Ql4
Ja
Q7

+21le=e

/1

/2

/3

20000030
Z000D040
-0000000
-000DC10
-000D020
-00CDC3C
~-000D0040
-0000C50
-000D0060
*¥000DC00
*#0000010
*000D020
*000D030
*0000050
*000D050C
*000D060
=00CDO00
=000D010
=000D020
=000D03C
=000D040
=000DC50
=000DC6O
=001D00C
=001D0C10C
=001DC20
=0010030
=001DC40
=001D05%0
=001Do6C
+000D0C0
+CC0DO10
+000DC20
+000DC30
+000D040
/0C0DCC

/0000010
/0€0D02C
/C0CDC30
/00C0DC4O
/001DC00O
/001D010
/0010020
/0010030
/0010040
/002D000
/0020010
/70020020
/0020030
/0020040
/CC3D000



/4

/5

/6

/7

/8

/S

/10

/11

/12

SYMBOL

SYMBOL

SyYMBOL

SYMBOL

SYMBOL

SYMBOL

SYMBOL

SYMBOL

SYMBOL

SYMBOL

FOR

FOR

FOR

FOR

FOR

DIGIT

DIGIT

DIGIT

DIGIT

DIGIT

CIGIT Qe

CHARACTER Ja

CHARACTER

CHARACTER He

-180-

/4

/6

/7

/9

/11

/12

/13

/CC3DC10
/0030020
/C003D030
/003DC40
/004D000
/004DC10
/004D020
/0040030
/0040040
/0050000
/00500190
/005D020
/005D030
/005D040
/0060000
/006DC1C
/006DC20
/006DC30
/006DC40
/C0C78000C
/0070010
/C07D02¢C
/007DC30
/0070040
/008DCO0
/0080010
/008DC20
/008D03C
/0080040
/C0SDCO0
/0C9DC1C
/0060020
/009D030
/0090040
/0100000
/C10DC1C
/010D02¢
/C1CDC30
/01CDC40
/0110030
/011D0C1C
/011DC20
/011D030
/C11DC40
/0120000
/0120010
/012002¢
/0120030
/0120040
/0130000
/0130010



/14 DUMMY CHARACTER SYMBOL

/16 DUMMY EXPRESSION —--
'DEFINITIONSt.

EXTERNAL NAME
CONNECTIVE *1t,

DUMMY VARIABLE 'DEFIN'.

EXTERNAL NAME.
DUMMY VARTAGLE *TICONS'.

EXTERNAL NAME «
{C SYMBOL FOR LEFT PAREN.

tQ SYMBCL FOR QUCTE MARK.

})C SYMBOL FCR RIGHT PAREN.

+C SYMBOL FOR CCMMA
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+21/UGH/

21

21DEFIN

G=-20

21TIONS

9-1
9-2
¢
Q15
Q15
Q7

10
9-10
9-20

e

Q5
Q5
Q%
Q9

Q7

C-.

Qs
G5
Q9
Q9
Q7

0
Q7
K51

¢
Q7

+21°

Va2 R
w4
N

(@}

O O

/0130020
/0130030
/013D04cC
/0140000
/70140010
/014D020
/0140030
/014D040
/016D000C
7016001¢C
/0160C20
/016D03¢C
/70160040
/016eD0C50
/70160060
/C16D070
/016D08C
/01600590
/70160100
/016D110
/70160120
/0160130
/0160140
/016D150
/016D16C
/016017¢C
/016D18¢C
/01601590
/016020C
/0165210
/0160220
/70160230
/01€Dz4C
/7C16D250
/016D260
/0160270
/0160280
{CO0D020
(000lC1C
(gooocec
{coeLe30
0000000
tQ0CD010
10000020
*GOo0l030
1 000004C
) CC0DCO0
ycoobo1le
) 0000020
) 000D02C
s+ 0C00C0C



N
. .

20

SYMBOL FOR PERICD

SYMBCL FOR DOLLAR SIGN.

-182-

Q7

K54

Q7
K53

G7

+21%

OO

o O

»0CCDQ10
»000D020
»000D030
«0CCDC0O
«0C0DC10
«000D020C
«0COD030
$CCOD0OOO0
$0000010
$000D0C20
$C00DC30C
$000D042



EXECUTIVE HEADER

SET UP TRAPS.

MARK TC TRACE.

MARK TO PROPAGATE TRACE.
GET NEXT TRUE TEX FROM
INPUT UNIT IF ANY LEFTe

CONVERT TC TRzE FORMo

ADD TO SET OF TRUE EXPRESSION.

TAKE ACTIONs TRY FOR ANOTHER
SKIP TWO LINES.

GET NEXT PROBLEM TEXe

IF NC MORZ, GO TRY PROOFS.
CONVERT TO INTERNALS

PRINT EXPRESSICN.

ADD TO LIST OF PROBLEMS.

BAD INPUT ACTION.

X10 INVOKE FULL TRACE.

X11 REVCKE CURRENT TRACE MODE
IF ANCTHER EXISTSe

-183-

X1

9-12
§-10°C

Jodt

X9

o

X10

X11

11w26
10x23
J73
J76
50X21
10J147
J10C
10X22
10J148
J1lo¢
MBY
706-10
40HC
P50
709-2
M50 9-1
9-100 5-1
J154
J155
J155
MBS
TOM2
4CHO
P50
706-12
4CHC
M70
10L3
Jé
J65 9-11
9~1C0 9-11
4CHO
M8
40HC
J15
J75 Ji2

10N2
Jiee J1é5

10N1

J120
40W31
20W31

X19 0

4CH5
10W31

R -
R
XCO1R00O0
X001R010
XCO01RG20
XC01R030
X001R0O40
XCO1lR050
X001R06C
X001R0O70
XO0C1R0O8C
XCO01R0OSC
X001R10C
X001R11G
X001R120
X001R130
X001R140
XC01R150
X001R16C
XO0O01R17C
X001R180
XCC1R190
XC001R200
XCO01R210
X001R215
XCC1R22¢C
X0C01R23C
X001R240
XC01R250
X001R260
X0C1R270C
XCQO1R280
XCC01R29C
X0C1R30C
X001R310
X001r220
X001R330
XCCIR34C
R
X009RCOO0
X0CSRC10
R
X010R0Q0C
X010R01C
X010R020
X010R030
X010RC&O
R
X011R000
XC11RQ10



X14 SAVE FOR RESTART ON
USING UNIT 3.

SAVE AND SET H5+.
IF H54++ HALT.
IF H5-s CONTINUES

INTERUPT

X19 MCNITOR PCIMT FORCER.

SAVE FOR RESTART
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X13

X1l4

X15

X19

J78
709-0
11W31
30W31

X19
30H5
30HS

40HC

40H5
10N3
J3
J166
70
30H5

10L&

03J0
X9

[

J150

X011R020
X011R030
XC11R040
XC11R050
X011R060
X011R070
XC11ROEQ0
R
X013RC00
R
XG14RC00
XCl4R010
X014R020
X014R020
XC14R030
X014R040
R
X015R000
R
X01GRCOC
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