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CHAPTER 1

INTRODUCTION

These days, there is a growing armamentarium of programs
that exhibit what most people consider intelligent behavior.
Nearly all of these intelligent or seemingly intelligent
programs are written in LISP. Many have the potential of
great practical importarnce. Some examples ares Expert
problem solvers, Common-sense reasoning, Learning, Natural
Language interfaces, Education and intelligent support systems,
Speech and vision, Word Processing, Symbolic Mathematics, and
Systems Programming.

This report is a summary of a project that focused on
gaining experience in the implementation in LISP of an
Augmented Transition Network (ATN) Interpreter to parse
certain aspects of English syntax and an ATN Compiler to
translate ATN cescriptions into a form that LISP understands
directly. In addition, an ATN Syntax Analyzer is attached to
the ATN Interpreter to investigate syntax errors in the ATHN
description. The ATN Interpreter and Compiler are based on
Chapters 19 and 20 of the book entitled "LISP", authored by
Patrick Henry Winston and Berthold Klaus Paul Horn. Chapter
19 is entitled "Interpreting Augmented Transition Networks"
while Chapter 20 is entitled "Compiling Augmented Transition

Networks".



1.1 Purpose of Report

This report is to serve as documentation of a project
that involved the implementation in LISP of an Interpreter
and a Compiler for Augmented Transition Networks and the
design and implementation of an ATN Syntax Analyzer. One
of the important aspects of this project is to help an ATN

description recover from singular or multiple syntax errors.

1.2 Content of Report

Presented in this report is a discussion of the ATN
Interpreter and Compiler. Also specified are the functional
capabilities and design considerations of the ATN Syntax
Analyzer together with the Error Recovery System. Formally,
the ATN syntax is outlined. There is an appendix containing
descriptions of the local data and the routines of the ATN
Interpreter, Syntax Analyzer, and Compiler. A listing of

the source code of each is provided.



1.3 Environment

The Augmented Transition Network (ATN) Interpreter,
Syntax Analyzer, and Compiler are written in LISP and
designed to run under IBM 370's Conversational Monitor
System (CMS) interactive system. The input and output
devices are the CRT and the DEC printer.

1.4 Performance Reguirements

Although there are no actual execution time requirements,
it is understood that to be of any use in the LISP development
and maintenance environment, the ATN Interpreter, Syntax
Analyzer, and Compiler should perform in a reasonable and
timely fashion, i.e. not take days to analyze an ATN syntax,
interpret the syntax of an English clause or even compile

an ATN description.



CHAPTER 2

THE AUGMENTED TRANSITION NETWORK (ATN)
INTERPRETER

2.1 Definition of an Augmented Transition Network

An ATN formalism is intended to facilitate sentence
analysis by capturing word-order regularities. Figure 2.1
exhibits a simple ATN that captures some of the regularities
involved in English noun groups.

Any given ATN consists of nodes linked by arcs labeled
with names for word classes like noun, verb, adjective, prepo-
sition, determiner, and the like. The analysis of a word
sequence is accomplished in the course of driving a path
through the network, using the word classes as instructions for
what arcs to take. Legitimate sequences lead to so-called
terminal nodes.

Several smaller ATNs may be linked together into one
larger system through.a convention by which some arcs require
successful traversal of subordinate ATNs rather than just the
consumption of single words. For example, a noun group ATN
may have a preposition-group arc and a preposition group may
have a noun-group arc, thus giving a recursive flavor to the
formalism.

There may be more action taking place on the arcs than

just the recognition of word classes and movement down a
n



sentence. The word "augmented" in Augmented Transition
Networks means that an ATN description is permitted to mzake
notes as arcs are traversed and to refer to them later. One
might, for example, make a note that a noun group is surely
singular in moving over the determiner arc with the word "a".
A later test could check that conclusion when the noun is

encountered.



adjective

determiner N noun

Figure 2.1: A simple Augmented Transition Network
representing the structure of simple noun
groups.



2.2 Functional Specification for the ATN Interpreter

2.2.1 Scope
This section defines the functional capabilities of the

Augmented Transition Network Interpreter.

2.2.2 General Description

The ATN Interpreter is capable of accepting ATN descrip-
tions and certain English sentences as input. The results of
the ATN Interpreter's parsing process are represented by the
parents, the children, the registers and their values. Figure
2.2 illustrates the ATN Interpreter's general program flow.
Figure 2.3 illustrates the Parent-Child-Register-Value table
while Figure 2.4 illustrates a sample parse tree based on the
table.

The ATN Interpreter has an ATN Syntax Analyzer which is
capable of accepting an ATN description as input, identifying,
diagnosing and possibly correcting any syntax errors, eventua-
lly saving the entire ATN description. The output consists of
the original ATN description, the repaired ATN description,
if any, and the ATN syntax error codes with the corresponding
error messages, if any. Figure 3.1 illustrates the ATN Syntax

Analyzer's general program flow.



INPUT

An English Clause, e.g.
THE BIG BOY ATE THE RED APPLE

ATN DESCRIPTIONS
PARSE-WORD
PARSE-NOUN-GROUP
PARSE-CLAUSE

PROCESS

THE AUGMENTED TRANSITION NETWORK (ATN) INTERPRETER

OUTPUT
THE ENGLISH CLAUSE

PARENT-CHILD~REGISTER-VALUE TABLE

Figure 2.2s General Program Flow for the Augmented Transition
Network (ATN) Interpreter.



PARENT CHILD REGISTER VALUE
PNG-2 (THE) NUMBER SINGULAR
DETERMINER DEFINITE
PNG-2 (THE BIG) ADJECTIVES (BIG)
PNG-2 (THE BIG BOY) NUMBER SINGULAR
NOUN BOY
PC-1 (PNG-2) SUBJECT PNG-2
PC-1 (PNG-2 ATE) VERB EAT
PNG-8 (THE) NUMBER SINGULAR
DETERMINER DEFINITE
PNG-8 (THE RED) ADJECTIVES (RED)
PNG-8 (THE RED APFPLE) NUMBER SINGULAR
NOUN APPLE
PC-1 (PNG-2 ATE PNG-8)
OBJECT PNG-8
ROOT (PC-1)

NOTE: PNG means PARSE-NOUN-GROUP
PC means PARSE-CLAUSE

Figure 2.3s The Parent-Child-Register-Value Table based on
the English clause, THE BIG BOY ATE THE RED APPLE.



ROOT

Jf

( PARSE-CLAUSEl )

v
( PARSE-NOUN-GROUP2 ATE PARSE-NOUN-GROUP8 )

( THE BIG BOY ) ( THE RED APPLE )

Figure 2.4s A Parse Tree based on the English clause,
THE BIG BOY ATE THE RED APPLE.

10



2.2.3 Functional Description of the ATN Interpreter

The ATN Interpreter is designed with an ATN Syntax
Analyzer to syntactically investigate an ATN description.
Ultimately, if all of the available ATN descriptions are
syntactically correct or made to be syntactically correct,
then the ATN Interpreter attempts to parse the given English
sentence. Parsing an English sentence is based upon three
ATN descriptions, namely, PARSE-CLAUSE, PARSE-NOUN-GROUP,
and PARSE-WORD which capture the ideas graphically presented
in Figure 2.5. A listing is produced which consists of the
English sentence to be parsed and the results of the ATN
Interpreter's parsing process. The results are represented
by the parents, the children, the registers and their values.
Seven registers are available, namely, subject, verb, number,
determiner, adjective, noun, and object. Figure 2.6 presents
the ATN descriptions for PARSE-WORD and PARSE-NOUN-GROUP while
Figure 2.7 presents the ATN description for PARSE-CLAUSE.

11



NOUN-GROUP =-- place in SUBJECT register

verb (must be tensed) -- place in VERB
register

pastparticiple (BE must be in VERB register)-

move SUBJECT contents to OBJECT

& put word in VERB

NOUN-GROUP (verb must be transitive) --

place in object

(VERB is intransitive or there is an
object)

(SUBJECT filled & no more words)

p@@@

J ¢y———— preposition (SUBJECT empty & word is BY)
NOUN-GROUP -~ place in SUBJECT

R
-G

(no conditions) -- put word SOMEONE in SUBJECT

Figure 2.5: An Augmented Transition Network representing the

structure of simple sentences. The arcs are tried
in clockwise order, starting from the right.
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(PARSE-WORD
(SL (IF T ¥ WIN
AFTER
(SETQ THIS-NODE CURRENT-WORD)
(SETQ REMAINING-WORDS (CDR REMAINING-WORDS))
{COND (REMAINING-WORDS
(SETQ CURRENT-WORD
(CAR REMAINING-WORDS%

))
(T (SETQ CURRENT-WORD NIL))))))

{ PARSE-NOUN-GROUP
(S1 (IF (PARSE-WORD THIS-NODE 'DETERMINER)
»» S2
AFTER
(SETR *NUMBER (SELECT ' (SINGULAR PLURAL)
(GETF LAST-PARSED)))
(SETR 'DETERMINER (SELECT ' (DEFINITE INDEFINITE;
(GETF LAST-PARSED))))
(S2 (IF (PARSE-WORD THIS-NODE 'ADJECTIVE)
» 82
AFTER
(ADDR 'ADJECTIVES LAST-PARSED))
(IF (PARSE-WORD THIS-NODE *NOUN)
»» WIN
AFTER
(SETR 'NUMBER (SELECT ' (SINGULAR PLURAL)
(GETF LAST-PARSED)}))
(SETR 'NOUN LAST-PARSED))))

Figure 2.6: The ATN Descriptions for PARSE-WORD and
PARSE-NOUN-GROUP.

13



(PARSE-CLAUSE

(S1 (IF

(s2 (IF

(83 (IF

(IF

(IF

(st (IF

(IF

(1F

(s5 (IF

(PARSE-NOUN-GROUP THIS-NODE NIL)

»> S2

AFTER

(SETR 'SUBJECT LAST-PARSED)))

(PARSE-WORD THIS-NODE '(VERB TENSED))

» 83

AFTER (SETR 'VERB (GET LAST-PARSED 'ROOT))))

(AND (EQUAL (GETR 'VERB) 'BE)
(PARSE-WORD THIS-NODE *'PASTPARTICIPLE))

»> Sk

APTER

(SETR 'OBJECT (GETR 'SUBJECT))

(SETR 'SUBJECT NIL)

(SETR 'VERB LAST-PARSED))

(AND (TESTF (GETR 'VERB) 'TRANSITIVE)
SL(FPARSE-NOUN-GROUP THIS-NODE NIL))

»d

AFTER (SETR *'OBJECT LAST-PARSED))

(OR (TESTF (GETR 'VERB) 'INTRANSITIVE)
(GETR 'OBJECT))

> sk))

(AND (GETR 'SUBJECT)

(NULL REMAINING-WORDS))

» WIN)

(AND (NOT (GETR 'SUBJECT))
(EQUAL CURRENT-WORD 'BY)
(PARSE-WORD THIS-NODE NIL))

> s5)

(NOT (GETR 'SUBJECT))

»

AFTER

(SETR 'SUBJECT °®SOMEONE)))

(PARSE-NOUN~GROUP THIS-NODE NIL)

> Sk

AFTER

(SETR 'SUBJECT LAST-PARSED)}))

Figure 2.7s The ATN description for PARSE-CLAUSE.

14



Description of Input
The input processed by the ATN Interpreter are ATN

descriptions and an English sentence. Based on the ATN
descriptions which the ATN Interpreter examines, only certain
English sentences are capable of being successfully and
completely parsed.

Three ATN descriptions are available. These are the
followings

1. Parse-Word

2. Parse-Noun-Group

3. Parse-Clause

15



Description of Output

Listing of Output

The listing from the ATN Interpreter consists of the
followings
1. The English clause to be parsed.
2. The results of the parsing process which are
represented by the parents, the children, the

registers and their values.

16



Messages
The following messages will be output to the output

device if a detected situation warrants such a message to be
displayed.

The English Clause to be parsed

The message

THE-ENGLISH-CLAUSE-TO-BE-PARSED-IS

{An English clause)
indicates the English clause to be parsed by the ATN Interpreter.

The ATN Interpreter Results

The message
THE-RESULTS-0F-THE-INTERPRETING-PROCESS-ARE
where the parents, the children, the registers, and the
register values are indicated by
THE-PARENT-IS ¢parent)
THE-CHILD-IS «¢child)
THE-REGISTER-IS <(register name)
THE-VALUE-IS ¢ register value)

indicates the results of the ATN Interpreter.

17



2.3 Design Specification for the ATN Interpreter

2.3.1 Scope
This section highlights the significant functions that

make up the ATN Interpreter.

2.3.2 Pertinent Functions

INTERPRET is a user-defined iterative routine that accepts
a network, fetches a state-description, and tests a state-
transition rule. The tests specify what courses to take in the
process of driving a path through the network and what must be
done when an ATN arc has been taken.

RECORD is a FEXPR routine that creates instances of func-
tion definitions such as PARSE-WORD, PARSE-NOUN-GROUP, and
PARSE-CLAUSE.

IDENTIFY is the main routine called by the user to execute
the ATN Interpreter and the ATN Syntax Analyzer. It contains
a dictionary where properties of some English words are defined.
IDENTIFY states the English clause to be parsed by the ATN
Interpreter. Figure 2.8 presents a sample English dictionary.

GETF, TESTF, ATTACH, SELECT, GENNAME, SETR, GETR, and ADDR
are significant auxiliary functions in analyzing certain aspects

of English syntax.
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(DEFPROP
(DEFPROP
(DEFPROP
(DEFPROP
(DEFPROP
(DEFPROP
(DEFPROP
(GEFPROP
(DEFPROP
(DEFPROP
(DEFPROP
(DEFPROP
(DEFPROP
(DEFPROP
(DEFPROP
(DEFPROP
(DEFPROP
(DEFPROP

Figure 2.

A (DETERMINER INDEFINITE SINGULAR) FEATURES)
AN (DETERMINER INDEFINITE SINGULAR) FEATURES)
APPLE (NOUN SINGULAR) FEATURES)

ATE (VERB TENSED) FEATURES)

ATE EAT ROOT)

BIG (ADJECTIVE) FEATURES)

BOY (NOUN SINGULAR) FEATURES)

EAT (TRANSITIVE) FEATURES)

EATEN (PASTPARTICIPLE) FEATURES)

EATS (VERB TENSED) FEATURES)

EATS EAT ROOT)

RED (ADJECTIVE) FEATURES)

SAT (VERB TENSED) FEATURES)

SAT SIT ROOT)

SIT (INTRANSITIVE) FEATURES)

THE (DETERMINER DEFINITE SINGULAR) FEATURES)
WAS (VERB TENSED) FEATURES)

WAS BE ROOT)

8¢ A Sample Dictionary used by the ATN Interpreter.
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CHAPTER 3

THE AUGHMENRTED TRANSITION NETWORK (ATN)
SYNTAX ARALYZER

3.1 Functional Specification for the ATN Syntax Analyzer

3.1.1 Scope

This section defines the functional capabilities of the

Augmented Transition Network Syntax Analyzer.

3.1.2 General Jesscription

The Augmented Tranéition Network Syntax Analyzer
is capable of accepting an ATN description 'as input, and identi-
fying and diagnosing any syntax errors. It includes an Error
Recovery feature so that subsequent syntax errors may be
detected and possibly corrected, eventually saving the entire
ATK description. The output consists of the ATN description,
the repaired ATN description, if any, the ATN syntax error
ccdes with the corresponding error messages, if any, and the
results of the ATN Interpreter, considering that the original
ATN deseription is syntactically correct or is made to be
syntactically correct. Figure 3.1 illustrates the program flow
of the ATN Symtax Analyzer. Figure 3.2 presents a sample

ATN description with syntax errors and its repaired version.
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INPUT

ATN DESCRIPTIONS
PARSE-WORD
PARSE-NOUN-GROUP

PARSE-CLAUSE
PROCESS
AUGMENTED TRANSITION NETWORK SYNTAX ANALYZER
AND
ERROR RECOVERY SYSTEM
OUTPUT v

THE ORIGINAL ATN

THE MOST RECENT VALUES OF THE STATE-DESCRIPTION, NEWSTATE,
AND STATE-TRANSITION RULE (IF ATN CANNOT BE REPAIRED)

THE ATN SYNTAX ANALYSIS MESSAGE NUMBER

THE ATN SYNTAX ANALYSIS MESSAGE

THE ATN INTERPRETER SUSPENSION MESSAGE

THE REPAIRED ATN (IF ATN IS CAPABLE OF BEING REPAIRED)

Figure 3.1: The Program Flow for the Augmented Transition
Network (ATN) Syntax Analyzer.
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INPUT

(PARSE-WORD
(S1 (FI T « (((WIN)))
AAAFFFTTTEEERRR
(SETQ THIS-NODE CURRENT-WORD)
(SETQ REMAINING-WORDS (CDR REMAINING-WORDS))
(COND (REMAINING-WORDS
(SETQ CURRENT-WORD
(CAR REMAINING-WORD?%%%

(T (SETQ CURRENT-WORD NIL) )

PROCESS

THE AUGMENTED TRANSITION NETWORK (ATN) SYNTAX ANALYZER
AND
ERROR RECOVERY SYSTEM

OUTPUT

(PARSE-WORD
(S1 (IF T » WIN
AFTER
(SETQ THIS-NODE CURRENT-WORD)

(SETQ REMAINING-WORDS (CDR REMAINING-WORDS))
(COND (REMAINING-WORDS
(SETQ CURRENT-WORD
(CAR REMAINING-WORDS;

(T (SETQ CURRENT-WORD NIL)) ;;)

Figure 3.2: A sample transformation that involves the
error recovery system of the ATN Syntax Analyzer.
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3.1.3 The Augmented Transition Network (ATN) Syntax

The syntax of the Augmented Transition Network can
be described by using the traditional Backus-Naur Form (BNF),
where syntactic constructs are denoted by English words
enclosed between the angular brackets ¢ and ) . Such words
suggest the meaning of the construct.

The symbols used to help describe the ATN syntax are

outlined below.

The following meta-symbols belong to the Regular BNF
formalisms
s1= denotes the production symbol of a syntactic construct.

| denotes the logical operator which means 'or'.

The following meta-symbols belong to the Extended BNF
formalism:
[J denotes an optional occurrence of the enclosed symbol(s).
[].+ denotes a possible repetition of the enclosed symbol(s)

one or more times.
The production rules of the Augmented Transition Network

Syntax are outlined in Figure 3.1 while the ATN Syntax

diagrams are illustrated in Figure 3.2.
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+

CATNY 3= | [ {state-description> ] )
+
¢state-description) s1= ( ¢node name) [ -(rule)] )
<+

¢ruled s1= ( IF <(test) » mew node) [ AFTER [ ¢side effects)] ])
(test) t11= ( <function-name) (arguments) ) | T
<¢side effects) 1= ( (function-name) carguments) )
<{node name) 331= (atom)

{new node) 1= <(atom)

Figure 3.3:+ The Production Rules of the Augmented Transition
Network (ATN) Syntax.
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¥

ATN > ( I > ¢state-description) —)

v

state-description—(—>¢(node name)—>(rule) - )

1 |

rule—»(—>IF — (test)+» —(new node) —+»AFTER-—» ¢side effects)-a»l}-;-

v

test =e—— (~— ¢(function-name) —> ¢arguments) > )

side effects—»(— ¢function namey — ¢arguments) —) ——>

¥

node name > ¢atom)

V

new node » {atom)>

Figure 3.4: The Augmented Transition Network (ATN) Syntax
Diagram. These are based on the ATN Production
Rules. .
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3.1.4 Functional Description of the ATN Syntax Analyzer

The Augmented Transition Network Syntax Analyzer
is designed as an aid to the ATN Interpreter. It provides
a means of syntactically investigating an ATN description
before the ATN Interpreter can even function. The ATN Syntax
Analyzer includes an Error Recovery feature so that subsequent
syntax errors may be detected and possibly corrected, even-
tually saving the entire ATN description. A listing is
produced which consists of the ATN description, the repaired
ATN description, if any, the ATN syntax error codes with the
corresponding error messages, if any, and the results of the
ATN Interpreter, considering that the original ATK description

is syntactically correct or is made to be syntactically correct.
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Description of Input

The input processed by an Augmented Transition Network
Syntax Analyzer 1is an Augmented Transition Network
description. Three ATN descriptions are syntactically inves-
tigated by the Syntax Analyzer. These are the following:

l. Parse-Word

2. Parse-Noun-Group

3. Parse-Clause
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Listing of Qutput

The listing output from the Augmented Transition Network

Syntax Analyzer

consists of the following, depending

upon the cases given belows

Case 1

Case 23

If the original Augmented Transition Network is

syntactically incorrect, then the following are

outpuvs

1.

[§8]

The original Augmented Transition
Network description.

The most recent values of the ATN
state-description, the newstate, and
the state-transition rule.

The ATN syntax analysis message number
which ranges from Network-Syntax-Error-
iessagel to NetwoerSyntax-Error-
Message9 or from Kule-Syntax-Error-
Messagel to Rule-Syntax-Error-lessage3d.
The ATN syntax analvesis message reflec-
ting the reason for the error.

The ATN syntax analysis message reflec-
ting the suspension of the interpreting

process due to ATN syntax errors.

If the original Augmented Transition Network is

syntactically correct, then the following are

output:
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The original Augmented Transition
Network (ATN) description.

The ATN syntax analysis message number
which has a NIL value for this case.
The ATN syntax analysis message
reflecting the fact that no syntax

errors have been found.

Case 3s+ If the original Augmented Transition Network is

syntactically incorrect but has been repaired,

then the following are output:

Lo

The original Augmented Transition
Network (ATN) description.

The repaired Augmented Transition
Network (ATN) description.

The ATN syntax analysis message number
which ranges from Network-Syntax-Error-
Messagel to Network-Syntax-Error-hessage9
or from Rule-Syntax-Error-Nessagel to
Rule-Syntax-Error-MNessage34. In the
case of multiple repairs, then the most
recent message number will be output.
The ATN syntax analysis message reflec-

ting the reason for the error.
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Messages
The following messages will be output to the output device

if a detected situation warrants such a message to be displayed.

The Augmented Transition Network Title

The message
THE-ORIGINAL-AUGMENTED-TRANSITION-NETWORK-TITLE-IS < ATN Title)
indicates the Augmented Transition Network name whose body

will be syntactically investigated in a thorough manner.

The Augmented Transition Network Body

The message
THE-ORIGINAL-AUGMENTED-TRANSITION~-NETWORK=-IS
< ATN Body >

indicates the Augmented Transition Network body.

The Augmented Iransition Network State-Description

The message
THE-STATE-DESCRIPTION-IS
{ ATN state-description)

indicates the most recent value of the ATN state-description.

The Augmented Transition Network Newstate

The message
THE-NEWSTATE-IS
{ ATN newstate)

indicates the most recent value of the ATN newstate.
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The Augmented Transition Network State-Transition Rule

The message
THE-RULE-IS
< ATN state-transition rule

indicates the most recent value of the ATN state-transition rule.

The Augmented Transition Network Syntax Analysis Message
Number, if syniax errors occur

The message
THE-NETWORK-SYNTAX~-ANALYSIS-MSSG-CODE-IS
{ATN syntax analysis message number)

indicates the error message number of the ATN syntax analysis.

The Augmented Transition Network Syntax Message, if
syntax errors occur

The message
THE-NETWORK-SYNTAX~ERROR-MESSAGE-IS
{ ATN syntax analysis message)
indicates the reason for the ATN syntax error or subsequent

repair.

The Augmented Transition Network Interpreter Suspension
liessage

The message
THE-FINAL-NETWORK - SYNTAX-ERROR-MESSAGE-IS
(FINAL ERROR MESSAGE s#xsx THE ENGLISH CLAUSE
SYNTAX IDENTIFICATION PROCESS HAS BEEN SUSPENDED
DUE TO AUGMENTED TRANSITION NETWORK SYNTAX ERRORS)

indicates the suspension of the English clause Interpreting
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Process due to ATN syntax errors.

The Augmented Transition Network Syntax Apalvsis Message
Number, if no syntax errors have been detected or if

a repair has been made.

The message
THE-FINAL -NETWORK-SYNTAX-ANALYSIS-MSSG-CODE-IS
{ATN syntax analysis message number)
indicates the message number of the ATN Syntax Analysis when no

errors have been detected or a repair of the ATN has been made.

The Augmented Transition Network Syntax Analysis Message,
11 no syntax errors have been detected or if a repair
has been made.

The message
THE-FINAL-SYNTAX~-ANALYSIS-MESSAGE-FOR-THE-NETWORK-1S
{ ATN syntax analysis message)
indicates the message of the ATN Syntax Analysis when no errors

have been detected or a repair has been made.
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3.2 Design Specification for the AIN Syntax Analyzer

3.2.1 Scope
This section discusses the Error Recovery feature and
the design considerations of the Augmented Transition (ATN)

Syntax Analyzer.

3.2.2 General Description

The guiding principle behind the design of the ATN
Syntax Analyzer has been the observance of the gualities of
good program workmanship, namely, reliability, modifiability,
maintainability, modularity, robustness, generality,
portability, and efficiency. The process of fetching an ATN
description syntactic component and the methods of properly
identifying, diagnosing, and possibly correcting any ATN
syntax errors are accomplished by the availability of layers
of routines to attain syntax investigation and error recovery.
In that respect, the ATN Syntax Analyzer supports abstraction
and hierarchical structuring of the routines very systemati -

cally.
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3.2.3 The Error Recovery Feature of the ATN Syntax Analyzer

The ATN Syntax Analyzer includes a significant operation
which is Error Recovery. The error recovery feature takes
control when certain syntax errors in the ATN description are
detected. Its purpose is to diagnose the syntax error and to
attempt some kind of recovery, so that the ATN need not be |
discarded immediately. The ATN Syntax Analyzer Error Recovery
System may, for example, decide to insert missing ATN syntactic
components or to replace invalid ATN syntactic components with
the proper ATN syntactic components.

The objectives of the ATN Syntax Analyzer Error Recovery
System are as followss

1. Identify and diagnose the ATN syntax error, as an

aid to the ATN syntax correction.

2. Recover from the syntax error, such that subsequent

syntax errors may be detected.

The routines for identifying, diagnosing, and possibly
correcting any ATN syntax errcrs are organized in a hierarchical
fashion. To be able to identify and to diagnose an ATN syntax
error, an ATN syntactic component has to be fetched from an
ATN description and then tested to determine its syntactic
validity. Iteratively, the routine CHECK-NETWORK-SYNTAX
fetches each syntactic component of the ATN description,
namely, the state-description, the ATN node name or newstate,
and the state-transition rule. Immediately, routines are

invoked to identify any ATN syntax errors. The routines are
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CHECK-STATE-DESCRIPTION-SYNTAX, CHECK-NODE-NAME-IN-STATE-
DESCRIPTION, and CHECK-RULE-SYNTAX. Subsequent state-
transition rule syntactic segments are fetched and tested

to identify and diagnose any ATN syntax errors by invoking
other syntax checking routines. The routines are CHECK-
KEYWORD-IF-IN-TRANSITION-RULE, CHECK-TEST-IN-TRANSITION-RULE,
CHECK-STATE-TRANSITION=-SYMBOL-IN-TRAN-RULE, CHECK-NEW-NODE-
IN-TRANSITION-RULE, CHECK-KEYWORD-AFTER-IN-TRANSITION-RULE,
and lastly, CHECK-SIDE-EFFECTS-SYNTAX.

When the identification and diagnosis of the ATN syntax
errors are accomplished and a possibility for the ATN
to recover from any syntax errors arises, then the proper
error recovery routines are invoked from a secondary layer
of procedures. This layer, called the ATN Syntax Error
Recovery System, is composed of Insertion and Replacement
routines. Figures 3.5 to 3.7 illustrate the layers.

The decision to insert missing ATN syntactic components
depends upon a detailed examination of the proceeding syntactic
segment based upon the ATN production rules. This is called
a look-ahead situation. For instance, inserting the ATN
keyword IF depends upon what syntactic component should come
after the keyword IF. Other cases should hold true for the
ATN state-transition symbol and the ATN keyword AFTER.

The Insertion routines are REPAIR-VIA-KEYWORD-IF-INSERTION,
REPAIR-VIA-STATE-TRAN-SYMBOL-INSERTION, INSERT-KEYWORD-IF-INTO-
NETWORK-TRAN-RULE, and lastly, INSERT-TRAN-SYMBOL-INTO-NETWORK-

TRAN-RULE.
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The decision to replace invalid ATN syntactic components
with the proper ATN syntactic components or segments depends
upon a detailed examination of the present syntactic segment,
again based upon the ATN production rules. For example, the
Tirst segment of a state-transition rule might be a list.
However, embedded in the 1list might be the ATN keyword IF.

In such a situation, replacement takes place.

The Replacement routines are REPAIR-STATE-DESCRIPTION-
AND-NETWORK, REPAIR-VIA-KEYWORD-IF-REPLACEMENT, REPAIR-VIA=-
TEST-REPLACEMENT, REPAIR-VIA-STATE-TRAN-SYMBOL-EEPLACEMENT,
REFAIR-VIA-TRAN-RULE-NEW-NODE-REPLACEMENT, REPAIR-VIA-KEYWORD-
AFTER-REPLACEMENT, REPLACE-RULE-SYNTAX-SEGMENT-WITH-KEYWORD-IF,
REPLACE-RULE~SYNTAX-SEGMENT-WITH-STATE-TRAN-SYMBOL, REPLACE~-
RULE-SYNTAX-SEGMENT-WITH-TRAN-RULE-NEW-NODE, and lastly,
REPLACE-RULE-SYNTAX-~SEGMENT-WITH-KEYWORD-AFTER.

Repairing the ATN state-description means repairing the
entire ATN description. Likewise, repairing the ATN state-
transition rule means repairing the ATN state-description
and the entire ATN. The routines which repair the ATN state-
description and the entire ATN are LIST-DIFFERENCE and REPAIR=-
STATZ-DESCRIPTION-AND-NETWORK. The LISP function SUBST plays

a major role in the repair process.
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LAYER 1

ATN SYNTACTIC COMPONENT IDENTIFICATION
AND
ATN SYNTAX ERROR IDENTIFICATION AND DIAGNOSIS

LAYER 2

ATN SYNTAX ERROR RECOVERY

LAYER 2A
ATN SYNTAX ANALYSIS MESSAGE CODE
IDENTIFICATION
AND
INVOCATION OF THE ACTUAL REPLACEMENT
AND INSERTION ROUTINES
LAYER 2B

ACTUAL REPLACEMENT AND INSERTION
ROUTINES

Figure 3.51 The Augmented Transition Network (ATN) Syntax
Analyzer Hierarchy.
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__LAYER 1

ATN SYNTACTIC COMPONENT IDENTIFICATION
AND
ATN SYNTAX ERROR IDENTIFICATION AND DIAGNOSIS

CHECK-NETWORK-SYNTAX
CHECK-STATE-DESCRIPTION-SYNTAX
CHECK-NODE-NAME-IN-STATE-DESCRIPTION
CHECK~-RULE-SYNTAX
CHECK~RULE~-SYNTAX~SEGNENTS
CHECK-KEYWORD~-IF-IN-TRANSITION-RULE
EXAMINE-KEYWORD-IF-IN-LIST
CHECK-TEST-IN-TRANSITION-RULE
CHECK~-STATE-TRANSITION-SYMBOL~IN-TRAN-RULE
EXAMINE-STATE-TRAN-SYMBOL-IN-LIST
EXAMINE-ATOM-IF-STATE-TRAN-SYMBOL
CHECK-NEW-NODE-IN-TRANSITION-RULE
CHECK-KEYWORD-AFTER-IN-TRANSITION-RULE
EXAMINE-XEYWORD-AFTER-IN-LIST
CHECK-SIDE-EFFECTS~-SYNTAX

Figure 3.6:¢ The First Layer of the Augmented Transition
Network (ATN¥ Syntax Analyzer Hierarchy.
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LAYER 2

ATN SYNTAX ERROR RECOVERY
LAYER 2A

ATN SYNTAX ANALYSIS MESSAGE CODE
IDENTIFICATION

AND

INVOCATION OF THE ACTUAL REPLACEMENT
AND INSERTION ROUTINES

REPAIR-VIA-KEYWORD-IF-REPLACEMENT
REPAIR-VIA-KEYWORD-IF-INSERTION
REPAIR-VIA-TEST-REPLACEMENT
REPAIR-VIA-STATE-TRAN-SYMBOL-REPLACEMENT
REPAIR-VIA-STATE-TRAN-SYMBOL-INSERTION
REPAIR-VIA-TRAN-RULE-NEW-NODE-REPLACEMENT
REPAIR-VIA-KEYWORD-AFTER-REPLACEMENT
REPAIR-STATE-DESCRIPTION-AND-NETWORK

LAYER ZB e
‘ ACTUAL REPLACEMENT AND INSERTION
ROUTINES

REPLACE-RULE-SYNTAX-SEGMENT-WITH-KEYWORD-IF
INSERT-KEYWORD-IF-INTO-NETWORK-TRAN-RULE

REPLACE-RULE-SYNTAX-SEGMENT-WITH-STATE-TRAN-
SYMBOL

INSERT-STATE-TRAN~SYMBOL-INTO-NETWORK-TRAN-RULE

REPLACE-RULE-SYNTAX-SEGMENT-WITH-TRAN-RULE-~
NEW-NODE

REPLACE-RULE-SYNTAX-SEGMENT-WITH-KEYWORD-AFTER

Figure 3.7: The Second Layer of the Augmented Transition
Network (ATN) Syntax Analyzer Hierarchy.
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3.2.4 Design Considerations

Reliability

The ATN Syntax Analyzer is capable of accomplishing its
functional objectives. It is able to fetch an ATN syntactic
component, properly identify, diagnose, and possibly correct
any syntax errors. In addition, the ATN Syntax Analyzer can
help the ATN description recover from single or multiple

syntax errors.

Modifiability

The ATN Syntax Analyzer employs standard LISP functions
so as to keep invariant the logical effects of the system. The
system is modularized to be able to adapt to controlled changes
in order to add new capabilities and thus improve the performance

of the system.

Maintainability

In order to facilitate maintainability, the ATN Syntax
Analyzer is designed to be modular, readable, and understan-
dable. In this manner, it is easy to keep the system current
and ultimately correct.

The dictionary and the English clause are located in the
function IDENTIFY. The words in the dictionary are alphabetized
for easy reference, insertion, and deletion. A new English
sentence can be introduced simply by changing the value of

English-Clause.
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Modularity
In order to achieve modularity, the ATN Syntax Analyzer

is made into a collection of layers of routines where the
whole system can be read routine by routine as one would
read a novel. In modularigzation, the system supports
abstraction and hierarchical structuring very nicely.
Consequently, modularization structures the system to make
it readable and understandable. The physical length of each

routine is limited to a page.

Robustness
The ATN Syntax Analyzer, when provided with erroneous
ATN syntax, will provide meaningful data on the CRT. A total
of forty-three possible combinations of syntax errors are
listed in order to avoid an abnormal termination of the
system. These are located in the routines INITIALIZE-NETWORK-
SYNTAX-ERROR-MESSAGES and INITIALIZE-RULE-SYNTAX-ERROR-MESSAGES.

Generality
The ATN Syntax Analyzer, together with its Error Recovery

System, is designed to cope with any arbitrary symbolic-expre-
ssions. The system can therefore recover from a wide variety

of invalid syntactic components.

Portability
The ATN Syntax Analyzer utilizes standard LISP features

to make it adaptable to other systems.
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Efficiency
The ATN Syntax Analyzer and the output are user-efficient

since both are readable and understadable. The users will not
spend much time and effort to learn how to use the program, how
to prepare the data, and how to interpret and possibly use the

output.
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CHAPTER 4

THE AUGMENTED TRANSITION NETWORK (ATN)
COMPILER

4.1 Functional Specification for the ATN Compiler

4.1.1 Scope
This section defines the functional capabilities of the

Augmented Transition Network (ATN) Compiler.

L4.1.2 General Description

The Augmented Transition Network (ATN) Compiler is
capable of accepting ATN descriptions as input to be translated
into a form that LISP understands directly. The syntax of the
ATN descriptions should conform syntactically with the ATN
production rules outlined in Chapter 3 since the ATN Compiler
does not have a facility to investigate the syntax of an ATN
description. PFigure 4.1 illustrates the program flow of the
ATN Compiler. Figure 4.2 provides a sample transformation.
Figures 4.3 and 4.4 illustrate the results of compiling the
ATN descriptions PARSE-NOUN-GROUP and PARSE-CLAUSE, respectively.
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INPUT
ATN DESCRIPTIONS

PARSE-WORD
PARSE-NOUN-GROUP
PARSE-CLAUSE

PROCESS

ATN COMPILER

OUTPUT

ATN DESCRIPTIONS IN LISP
PARSE-WORD
PARSE-NOUN-GROUP
PARSE-CLAUSE

Figure 4.1: The Program Flow for the Augmented Transition
Network (ATN) Compiler.
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INPUT

(PARSE-WORD
(S1 (IF T » WIN
AFTER
(SETQ THIS-NODE CURRENT-WORD)
(SETQ REMAINING-WORDS (CDR REMAINING-WORDS))
(COND (REMAINING-WORDS (SETQ CURRENT-WORD
(CAR REMAINING-WORDS)))
(T (SETQ CURRENT-WORD NIL))))))

PROCESS

AUGMENTED TRANSITION NETWORK (ATN) COMPILER

OUTPUT

(DEFUN PARSE-WORD
(PARENT-NODE FEATURES)
(PROG (THIS-NODE HOLD)
(SETQ HOLD REMAINING-WORDS)
(SETQ CURRENT-WORD (CAR REMAINING-WORDS))
éSETQ THIS-NODE (GENNAME (QUOTE PARSE-WORD)))
1
(COND (T (SETQ THIS-NODE CURRENT-WORD)
(SETQ REMAINING-WORDS (CDR REMAINING-WORDS;

(COND (REMAINING-WORDS
(SETQ CURRENT-WORD
(CAR REMAINING-WORDS)))
(T (SETQ CURRENT-WORD NIL)))
(GO WIN)) .
(T (GO LOSE)))
WIN

(COND ((NOT (TESTF THIS-NODE FEATURES)) (GO LOSE)))
(ATTACH THIS-NODE PARENT-NODE)

(SETQ LAST-PARSED THIS-NODE)

(RETURN THIS-NODE)

LOSE

(SETQ REMAINING-WORDS HOLD)

(SETQ CURRENT-WORD (CAR REMAINING-WORDS))

{RETURN NIL)))

Figure 4.2: A Sample Transformation involving the ATN
desription PARSE-WORD.
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(DEFUN PARSE-NOUN-GROUP
(PARENT-NCDE FEATURES)
(PROG (THIS-NODE HOLD)

Figure 4.3

(SETQ HOLD REMAINING-WORDS)
(SETQ CURRENT-WORD (CAR REMAINING-WORDS))
(SETQ THIS-NODE (GENNAME (QUOTE PARSE-NOUN-GROUP)))
-
(COND ((PARSE-WORD THIS-NODE (QUOTE DETERMINER))
(SETR (QUOTE NUMBER)
(SELECT (QUOTE (SINGULAR PLURAL))
(GETF LAST-PARSED)))
(SETR (QUOTE DETERMINER)
(SELECT (QUOTE (DEFINITE INDEFINITE))
(GETF LAST-PARSED)))
(GO 52))

(T (GG LOSE)))
52

(COND ((PARSE-WORD THIS-NODE (QUOTE ADJECTIVE))
EADDR g?UOTE ADJECTIVES) LAST-PARSED)
GO 82
((PARSE-WORD THIS-NODE (QUOTE NOUN))
(SETR
(QUOTE NUMBER)
(SELECT (QUOTE (SINGULAR PLURAL))
(GETF LAST-PARSED)))
(SETR (QUOTE NOUN) LAST-PARSED)
(GO WIN))
(T (GO LOSE)))
WIN

(COND ((NOT (TESTF THIS-NODE FEATURES))
(GO LOSE)))

(ATTACH THIS-NODE PARENT-NODE)

(SETQ LAST-PARSED THIS-NODE)

(RETURN THIS-NODE)

LOSE

(SETQ REMAINING-WORDS HOLD)

(SETQ CURRENT-WORD (CAR REMAINING-WORDS))

(RETURN NIL)))

The result of compiling the ATN description
PARSE-NQUN-GROUP.
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(DEFUN PARSE-CLAUSE
(PARENT-NODE FEATURES)
(PROG (THIS-NODE HOLD)
(SETQ HOLD REMAINING-WORDS)

Figure 4.4 3

2SETQ
SETQ
S1

(COND

S2
(COND

S3
(COND

{COND

S5
(COND

WIN
(COND

CURRENT-WORD (CAR REMAINING-WORDS))
THIS-NODE (GENNAME (QUOTE PARSE-CLAUSE)))

( (PARSE-NOUN-GROUP THIS-NODE NIL)
(SETR (QUOTE SUBJECT) LAST-PARSED) (GO S2))
(T (GO LOSE)))

( (PARSE-WORD THIS-NODE (QUOTE (VERB TENSED)}))
(SETR (QUOTE VERB)
(GET LAST-PARSED (QUOTE ROOT)))

(GO 33))
(T (GO LOSE)))

((AND (EQUAL (GETR (QUOTE VERB)) (QUOTE BE))
(PARSE-WORD THIS-NODE
(QUOTE PASTPARTICIPLE)))
(SETR (QUOTE OBJECT) (GETR (QUOTE SUBJECT)))
(SETR (QUOTE SUBJECT) NIL)
(SETR (QUOTE VERB) LAST-PARSED; (GO sk))
((AND (TESTF (GETR (QUOTE VERB)
(QUOTE TRANSITIVE))
(PARSE-NOUN-GROUP THIS-NODE NIL))
(SETR (QUOTE OBJECT) LAST-PARSED) (GO S4))
((OR (TESTF (GETR (QUOTE VERB))
(QUOTE INTRANSITIVE))
(GETR (QUOTE OBJECT))) (GO S&))
(T (GO LOSE)))

((AND (GETR (QUOTE SUBJECT))
(NULL REMAINING-WORDS)) (GO WIN))
((AND (NOT (GETR (QUOTE SUBJECT)))
(EQUAL CURRENT-WORD (QUOTE BY))
(PARSE-WORD THIS-NODE NIL)) (GO S5))
((NOT (GETR (QUOTE SUBJECT)))
EggT§4(QUOTE SUBJECT) (QUOTE SOMEONE))
(? (GO LOSE)))

( (PARSE-NOUN=-GROUP THIS-NODE NIL)
(SETR (QUOTE SUBJECT) LAST-PARSED) (GO Sk))
(T (GO LOSE)))

((NOT (TESTF THIS-NODE FEATURES)) (GO LOSE)))

(ATTACH THIS-NODE PARENT-NODE)
(SETQ LAST-PARSED THIS-NODE)
(RETURN THIS-NODE)

LOSE

(SETQ REMAINING-WORDS HOLD)

( SETQ

CURRENT-WORD (CAR REMAINING-WORDS))

(RETURN NIL)))

The result of compiling the ATN description
PARSE-CLAUSE.
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4.1.3 PFunctional Description of the ATN Compiler
The Augmented Transition Network (ATN) Compiler translates

an ATN description into a form that LISP understands directly.
The ATN Compiler does not have an ATN description syntax
checking facility. 1In that respect, the ATN descriptions

which the ATN Compiler accepts must conform syntactically with
the ATN production rules outlined in Chapter 3. A listing is
produced which consists of the compiled ATN description and the
results of the interpreting process, namely, the parents, the
children, the registers, and their values. The function IDENTIFY
contains the English clause to be parsed and a dictionary which
specifies the properties of some English words. IDENTIFY
invokes a routine created by the ATN Compiler to parse an

English sentence.
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Description of Input

The input processed by the ATN Compiler are ATN descrip-
tions. Only ATN descriptions which conform syntactically to
the ATN production rules are capable of being successfully
and completely compiled. The ATN Interpreter can accept
certain English sentences. Three ATN descriptions are
available. These are the followings

1. PARSE-WORD

2. PARSE-NOUN-GROUP

3. PARSE-CLAUSE
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Description of Output

Listing of Output
The listing output from the Augmented Transition

Network (ATN) Compiler consists of the followings

-

The compiled ATN description
2. The results of the ATN Interpreter which are represen-
ted by the parents, the children, the registers and

their wvalues.

Messages
The following messages will be output to the output device

if a detected situation warrants such a message to be displayed.

The Compiled Augmented Transition Network

The message
THE-COMPILED-AUGMENTED-TRANSITION-NETWORK-IS
¢ The Compiled ATN)

indicates that the ATN description is in a form that LISP

understands directly.

The English Clause to be Parsed

The message
THE-ENGLISH-CLAUSE-TO-BE-PARSED=-IS
{An English Clause)

indicates the English clause to be parsed.
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The Results of the Interpreting Process
The message
THE-RESULTS-0OF-THE-INTERPRETING-PROCESS~ARE
where the parents, the children, the registers, and the
register values are indicated by
THE-PARENT-IS <parent)
THE-CHILD-IS <(child>
THE-REGISTER-IS <register name)
THE-VALUE-IS (register value)

indicates the results of the interpreting process.
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4,2 Design Specification for the ATN Compiler

4.2.1 Scope
This section highlights the significant functions that

make up the Augmented Transition Network Compiler.

4.2.2 Pertinent Functions
COMPILE is a user-defined MACRO routine that converts
perspicuous descriptions into descriptions that LISP understands
directly. It translates source-language descriptions by ripping
apart a transition specifying parcel and reassembling it into a
COND clause. Several clauses for each ATN node are amalgamated
into a single COND structure where CARs, CDRs, CONS, and
APPENDs abound.
Thus, the following invocation
( COMPILE <ATN name)
{ATN body) )
will have the resultant effect;
{ node name)

( COND ( ¢testy ¢side effect)

¢side effect)
( GO ¢new noded ))
(T (GO LOSE )))
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IDENTIFY is the function that is called by the user to
execute the ATN compiler function COMPILE and to parse an
English sentence. The body of the function IDENTIFY consists
of the English clause to be parsed and a dictionary which
specifies the properties of some English words. IDENTIFY
invokes a routine PARSE-CLAUSE created by the ATN Compiler
to parse an English sentence.

GETF, TESTF, ATTACH, SELECT, GENNAME, SETR, GETR, and
ADDR are significant auxiliary functions in analyzing certain
aspects of English syntax.
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CHAPTER 5

FUTURE DIRECTIONS AND CONCLUSION

5.1 Future Directions

In any undertaking, there is always room for changes and,
hopefully, improvements. This endeavor is no exception.

The ATN descriptions that this project accepted had a
definite syntactic structure. There may be other ways of
syntactically defining those ATN descriptions but still
maintain the underlying meaning. If such is the case, then
the ATN production rules and the ATN syntax diagrams will
need to be re-defined. More importantly, the ATN Syntax
Analyzer will have to be completely overhauled but
the design principles should still be preserved.

If the case develops in which the ATN Interpreter will
have to accept a wider range of English syntax, other ATN
descriptions based on varying production rules might be
presented. It will then be necessary, therefore, to design
and implement further ATN Syntax Analyzers and incorporate

them in a single package.
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5.2 Conclusion

This project has become a thorough exercise in learning
how to appreciate designing and implementing programs that
exhibit intelligent behavior. Such a project is just a tip
of a large iceberg.

The ATN Interpreter has demonstrated that ATNs certainly
capture aspects of English Syntax. LISP has made the
understanding of ATNs an easy process. Registers have
added power to ATN description note-taking.

The most important feature of the ATN Syntax Analyzer
has been the Error Recovery System. The Syntax Analyzer,
by way of routine layers, has systematically identified,
diagnosed, and at times corrected ATN Syntax Errors. 1In
that view, the ATN Syntax Analyzer supported abstraction
and hierarchical siructuring.

LISP has shown its elegance in the ATN Compiler. Since
compiling is a symbol-manipulating task, LISP has proven to
be eminently suited. The ATN Comﬁiler does complement the
ATN Interpreter since it has made the ATN description more

readable to readers who are well-acquainted with LISP.

55



BIBLIOGRAPHY

Barrett, William A. and John D. Couch, Compiler Constructions
Theory and Practice, Science Research Associates, Inc.,
1979.

Maclin, Alice, Reference Guide to English, CBS College
Publishing, 1981.

Winston, Patrick Henry and Berthold Klaus Paul Horn, LISP,
Addison-Wesley Publishing Company, 1981.



APPENDIX A

THE AUGMENTED TRANSITION NETWORK (ATN)
INTERPRETER AND SYNTAX ANALYZER
COMPONENT DESCRIPTION

The following constitute the description of the routines
and the local data for the ATN Interpreter and the ATN

Syntax Analyzer.



ROUTINEs CAAR

OBJECTIVEs CAAR is a routine that takes a list as its
argument and evaluates it according to the
following sequences CAR, CAR.

FUNCTION USEDs CAR

BOUND VARIABLEs Listl represents the list to be evaluated.

FREE VARIABLES: None

ROUTINEs CADR

OBJECTIVE:; CADR is a routine that takes a list as its
argument and evaluates it according to the
following sequences CDR, CAR.

FUNCTIONS USEDs CAR, CDR

BOUND VARIABLEs Listl represents the list to be evaluated.
FREE VARIABLESs None

ROUTINEs CADDR

OBJECTIVE:s CADDR is a routine that takes a list as its
argument and evaluates it according to the
following sequences CDR, CDR, CAR.

FUNCTIONS USEDs CAR, CDR

BOUND VARIABLE: Listl represents the list to be evaluated.

FREE VARIABLES: None



ROUTINE: CADDDR

OBJECTIVEs CADDDR is a routine that takes a list as its
argument and evaluates it according to the
following sequences CDR, CDR, CDR, CAR.

FUNCTIONS USEDs CAR, CDR

BOUND VARIABLE: Listl represents the 1list to be evaluated.

FREE VARIJABLES: None

ROUTINE: CADDDDR

OBJECTIVE: CADDDDR is a routine that takes a l1list as its
argument and evaluates it according to the
following sequences CDR, CDR, CDR, CDR, CAR.

FUNCTIONS USEDs CAR, CDR

BOUND VARIABLE: Listl represents the list to be evaluated.

FREE VARIABLESs None

ROUTINE: CADDDDDR

OBJECTIVE: CADDDDDR is a routine that takes a list as its
argument and evaluates it according to the
following sequences CDR, CDR, CDR, CDR, CDR, CAR.

FUNCTIONS USED: CAR, CDR

BOUND VARIABLE: Listl represents the list to be evaluated.

FREE VARIABIESs None




ROUTINEs CDAR

OBJECTIVEs CDAR is a routine that takes a list as its
argument and evaluates it according to the
following sequences CAR, CDR.

FUNCTIONS USEDs CAR, CDR

BOUND VARIABLEs Listl represents the list to be evaluated.

PREE VARIABLES: None

ROUTINEs CDDR

OBJECTIVE: CDDR is a routine that takes a list as its
argument and evaluates it according to the
following sequences CDR, CDR.

FUNCTION USED: CDR

BOUND VARIABLEs Listl represents the list to be evaluated.

FREE VARIABLESs None

ROUTINE: CDDDR

OBJECTIVE: CDDDR is routine that takes a list as its
argument and evaluates it according to the
following sequences CDR, CDR, CDR.

FUNCTION USEDs CDR

BOUND VARIABLEs Listl represents the list to be evaluated.
FREE VARIABLES: None
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ROUTINEs CDDDDR

OBJECTIVEs CDDDDR is a routine that takes a list as its
argument and evaluates it according to the
following sequences CDR, CDR, CDR, CDR.

FUNCTION USEDs CDR

BOUND VARIABLEs Listl represents the 1list to be evaluated.

FREE VARIABLESs None

ROUTINE: CDDDDDR

OBJECTIVE: CDDDDDR is a routine that takes a list as its
argument and evaluates it according to the
following sequences CDR, CDR, CDR, CDR, CDR.

FUNCTION USEDs CDR

BOUND VARIABLE: Listl represents the list to be evaluated.

FREE VARIABLESs None
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ROUTINE: REMOVE-NESTING-IN-LIST

OBJECTIVEs REMOVE-NESTING-IN-LIST is a recursive routine
that takes an s-expression as its argument
and returns a non-nested list of all atoms
found in the s-expression.

FUNCTIONS USEDs

BOUND VARIABLEs

FREE VARIABLES:

NULL, ATOM, LIST, APPEND, CAR, CDR, and
REMOVE-NESTING-IN-LIST

S-expr represents an s-expression that

will be converted into a non-nested list.

None

ROUTINEs CHECK-STATE-DESCRIPTION-SYNTAX

OBJECTIVE: CHECK-STATE-DESCRIPTION-SYNTAX examines the
syntax of an ATN state-description.

SYNTAX ANALYSIS:

The COND function constitutes three
clauses which test possible illegal
occurrences of s-expressions used to
represent an ATN state-description,
namely, an empty-list, a non-empty list
of length one, and an atom.

A non-empty list of length two or more

is a valid syntactic representation of
an ATN state-description. The ATN should
cocnsist of an atom and one or more lists
to represent the ATN node name and the
state-description rule(s), respectively.

A syntactically legal ATN state-descrip-
tion can be any of the followings

( <atom) ¢list)y ) or

( <atom) (1listy) ... list,> )

A syntactically illegal ATN state-descrip-
tion can be any of the followings

() or (( () ))
( (atomp) )
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(( cee ( <s-expr} ) § W ))
< atom )

Variables reflecting the results of the
ATN Syntax Analysis are initialized
appropriately.

FUNCTIONS USEDs COND, NULL, SETQ, NOT, ATOM, EQUAL, and
LENGTH

BOUND VARIABLES: None

FREE VARIABLES: State-Description, Network-Syntax-Error-
Message, Network-Syntax-Analysis-Mssg-Code,
Error-Exists-in-Network-Syntax,
Network-Syntax-Error-Message2 to
Network-Syntax-Error-Messagel

ROUTINEs CHECK-NODE-NAME-IN-STATE-DESCRIPTION

OBJECTIVE: CHECK-NODE-NAME-IN-STATE-DESCRIPTION examines
the syntax of an ATN node name.

SYNTAX ANALYSIS: The COND function constitutes three
clauses which test possible illegal
occurrences of s-expressions used to
represent an ATN node name, namely,
an empty and a non-empty list.

An atom is a valid syntactic represen-
tation of an ATN node name. If the
ATN node name is a non-empty list,
further testing is done to check
possible occurrences of s-expressions
within the 1list, namely, a nested or
non-nested empty or non-empty list of
length greater than or equal to one.

A syntactically legal ATN node name iss
< atom)>
A syntactically illegal ATN node name
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FUNCTIONS USED:

BOUND VARIABLES:

FREE VARIABLES:

can be any of the following:
() or (( eoe () cuu 1))

( <atom» ) or
(( ( < atom) ) ))

( ¢s-expr) ... <{s-exprd ) or
eee { (s-eXpr) ...<S-eXpr> ) ... ))

Error Recovery occurs when the ATN node
name is a nested or non-nested list
containing an atom. The recovery process
involves fetching the atom from within
the 1list and substituting the o0ld ATN
node name with the new ATN node name.
Likewise, the ATN state-description and
the network are repaired.

Variables reflecting the results of the
ATN Syntax Analysis are initialized
appropriately.

COND, NULL, SETQ, NOT, ATOM, EQUAL, LENGTH,
SUBST, REMOVE-NESTING-IN-LIST

0ld-Newstate represents the ATN node name
that will be replaced by the new ATN node
name in the error recovery process.

0ld-State-Description represents the ATN
state-description that will be replaced
by the new ATN state-description.

Newstate, Network-Syntax-Error-Message,
Network-Syntax-Analysis-Mssg-Code,
Error-Exists-in-Network-Syntax,
0ld-Newstate, 0ld-State-Description,
Network-Syntax-Error-Message5 to
Network-Syntax-Error-Message9

ROUTINE: LIST-DIFFERENCE

OBJECTIVEs LIST-DIFFERENCE takes two lists, namely, Listl
and List2. The difference of the two lists,
Listl and List2, is what remains of the list
Listl after all elements that are also elements
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of the list List2 are removed.

FUNCTIONS USED: NULL, MEMBER, CAR, CDR, LIST-DIFFERENCE,
CONS

BOUND VARIABLESs Listl represents a list of s-expressions.

List2 represents a list of s-expressions.

FREE VARIABLESs None

ROUTINE: REPLACE-RULE-SYNTAX-SEGMENT-WITH-KEYWORD-IF

OBJECTIVEs REPLACE-RULE-SYNTAX-SEGMENT-WITH-KEYWORD-IF does
the actual substitution of the ATN state-transi-
tion rule first syntactic segment with the atom IF.

FUNCTIONS USEDs RETURN, SUBST

BOUND VARIABLES: None

FREE VARIABLES: If, 0ld-Rule-Syntax-Segmentl, 0ld-Rule

ROUTINEs INSERT-KEYWORD-IF-INTO-NETWORK-TRAN-RULE

OBJECTIVE: INSERT-KEYWORD-IF-INTO-NETWORK-TRAN-RULE does
the actual inclusion of the atom IF into the
ATN state-transition rule.

FUNCTIONS USEDs RETURN, CONS

BOUND VARIABLESs None
FREE VARIABLESs If, Old-Rule

ROUTINEs REPLACE-RULE-SYNTAX-SEGMENT-WITH-STATE-TRAN-SYMBOL

OBJECTIVE: REPLACE-RULE-SYNTAX-SEGMENT-WITH-STATE-TRAN-SYMBOL
does the actual substitution of the ATN state-
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transition rule third syntactic segment with the
atom »> .

FUNCTIONS USED: RETURN, SUBST

BOUND VARIABLESs None

FREE VARIABLES: State-Transition-Symbol,
Rule-Syntax-Segment3, 0ld-Rule

ROUTINEs INSERT-STATE-TRAN-SYMBOL-INTO-NETWORK-TRAN-RULE

OBJECTIVEs INSERT-STATE-TRAN-SYMBOL-INTO-NETWORK-TRAN-RULE
does the actual inclusion of the atom »)» into
the ATN state-transition rule.

FUNCTIONS USEDs SETQ, MEMBER, LIST-DIFFERENCE, CONS,
RETURN, APPEND

BOUND VARIABLES:s Sub-Rule represents a sub-part of the AIN
state-transition rule.

Difference-of-Lists represents the
difference of two lists.

FREE VARIABLESs Rule-Syntax-Segment3, Rule, List-Difference,
State-Transition-Symbol

ROUTINE: REPLACE-RULE-SYNTAX-SEGMENT-WITH-TRAN-RULE-NEW-NODE
OBJECTIVEs REPLACE-RULE-SYNTAX-SEGMENT-WITH-TRAN-RULE-NEW-NODE
does the actual substitution of the ATN state-
transition rule fourth syntactic segment with the
proper ATN state-transition rule new node.
FUNCTIONS USEDs RETURN, SUBST

BOUND VARIABLESs None

FREE VARIABLES: Tran-Rule-New-Node, Rule-Syntax-Segment¥,
0ld-Rule
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ROUTINEs
OBJECTIVEs

REPLACE-RULE-SYNTAX-SEGMENT-WITH-KEYWORD-AFTER

REPLACE-RULE-SYNTAX-SEGMENT-WITH-KEYWORD-AFTER
does the actual substitution of the ATN state-
transition rule fifth syntactic segment with the
atom AFTER.

FUNCTIONS USEDs RETURN, SUBST

BOUND VARIABLESs None

FREE VARIABLESs After, Rule-Syntax-Segment5, Old-Rule

ROUTINE s
OBJECTIVE:

REPAIR-STATE~DESCRIPTION-AND-NETWORK

REPAIR-STATE-DESCRIPTION-AND-NETWORK repairs the
ATN state-description and the network by
substituting the o0ld syntactic component with the
new syntactic component.

FUNCTIONS USED: SETQ, SUBST

BOQUND VARIABLES: None

FREE VARIABLESs State-Description, Rule, 0Old-Rule,

ROUTINE s
OBJECTIVEs

0ld-State-Description, Network

REPAIR-VIA-KEYWORD-IF-REPLACEMENT

REPAIR-VIA-KEYWORD-IF-REPLACEMENT repairs the

ATN state-transition rule by replacing the

invalid first syntactic segment with the legal
atom IF. The actual repair work is performed

by the routine REPLACE-RULE-SYNTAX-WITH-KEYWORD-IF.
Since the ATN state-transition rule has been
repaired, REPAIR-STATE-DESCRIPTION-AND-NETWORK
modifies the ATN state-description and the

network.

Variables reflecting the results of the
modification are initialized appropriately.
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FUNCTIONS USEDs SETQ, REPLACE-RULE-SYNTAX-SEGMENT-WITH-
KEYWORD-IF, REPAIR-STATE-DESCRIPTION-AND-
NETWORK

BOUND VARIABLES: None

FREE VARIABLESs Rule, Network-Syntax-Error-Message,
Network-Syntax-Analysis-Mssg-Code,
Rule-Syntax-Error-Message?2

ROUTINE: REPAIR-VIA-KEYWORD-IF-INSERTION

OBJECTIVEs REPAIR-VIA-KEYWORD-IF-INSERTION repairs the ATN
state-transition rule by inserting the atom IF
into the ATN state-transition rule. The actual
repair work is performed by the routine
INSERT-KEYWORD-IF-INTO-NETWORK-TRAN-RULE. Since
the ATN state-transition rule has been repaired,
REPAIR-STATE-DESCRIPTION-AND-NETWORK modifies
the ATN state-description and the network.

Variables reflecting the results of the
modification are initialized appropriately.

FUNCTIONS USEDs SETQ, INSERT-KEYWORD-IF-INTO-NETWORK-TRAN-RULE,
REPAIR-STATE-DESCRIPTION-AND-NETWORK

BOUND VARIABLESs None

FREE VARIABLES: Rule, Network-Syntax-Error-Message,
Rule-Syntax-Error-Message3,
Network-Syntax-Analysis-Mssg-Code

ROUTINEs REPAIR-VIA-TEST-REPLACEMENT

OBJECTIVE: REPAIR-VIA-TEST-REPLACEMENT repairs the ATN
state-transition rule by replacing the invalid
second syntactic segment with the legal atom T.
The actual repair work utilizes the function
SUBST. Since the ATN state-transition rule has
been repaired, REPAIR-STATE-DESCRIPTION-AND-
NETWORK modifies the ATN state-description and
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the network.

Variables reflecting the results of the
modification are initialized appropriately.

FUNCTIONS USED:s SETQ, SUBST, REPAIR-STATE-DESCRIPTION-AND-

NETWORK

BOUND VARIABLES: None

FREE VARIABLESs Rule, Rule-Syntax-Segment2, Old-Rule,

ROUTINE :
OBJECTIVEs

Network-Syntax-Error-Message,
Rule-Syntax-Error-Message20,
Network-Syntax-Analysis-Mssg-Code

REPAIR-VIA-STATE-TRAN-SYMBOL-REPLACEMENT

REPAIR-VIA-STATE-TRAN-SYMBOL-REPLACEMENT repairs
the ATN state-transition rule by replacing the
invalid third syntactic segment with the legal
atom > . The actual repair work is performed

by the routine REPLACE-RULE-SYNTAX-SEGMENT-WITH-
STATE-TRAN-SYMBOL. Since the ATN state-transition
rule has been repaired, REPAIR-STATE-DESCRIPTION-
AND-NETWORK modifies the ATN state-description

and the network.

Variables reflecting the results of the
modification are initialized appropriately.

FUNCTIONS USEDs: SETQ, REPLACE-RULE~SYNTAX-SEGMENT-WITH-

STATE~-TRAN-SYMBOL, REPAIR-STATE-DESCRIPTION-
AND-NETWORK

BOUND VARIABLESs: None

FREE VARIABLESs: Rule, Network-Syntax-Error-HMessage,

Rule-Syntax-Error-Message9,
Network-Syntax-Analysis-Mssg-Code
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ROUTINEs REPAIR-VIA-STATE-TRAN-SYMBOL-INSERTION

OBJECTIVEs REPAIR-VIA-STATE-TRAN-SYMBOL-INSERTION repairs
the ATN state-transition rule by inserting the
atom >»» into the ATN state-transition rule.
The actual repair work is performed by the
routine INSERT-STATE-TRAN-SYMBOL-INTO-NETWORK-
TRAN-RULE. Since the ATN state-transition rule
has been repaired, REPAIR~STATE-DESCRIPTION-
AND-NETWORK modifies the ATN state-description
and the network.

Variables reflecting the results of the
modification are initialized appropriately.

FUNCTIONS USEDs SETQ, INSERT-STATE-TRAN-SYMBOL-INTO-
NETWORK-TRAN-RULE, REPAIR-STATE-DESCRIPTION-
AND-NETWORK

BOUND VARIABLES: None

FREE VARIABLESs Rule, Network-Syntax-Error-Message,
Rule-Syntax-Error-MessagelO,
Network-Syntax-Analysis-Mssg-Code

ROUTINEs REPAIR-VIA-TRAN-RULE-NEW-NODE-REPLACEMENT

OBJECTIVEs REPAIR-VIA-TRAN-RULE-NEW-NODE-REPLACEMENT repairs
the ATN state-transition rule by replacing the
invalid fourth syntactic segment with the proper
ATN state-transition rule new node. The actual
repair work is performed by the routine
REPLACE-RULE-SYNTAX-SEGMENT~WITH-TRAN-RULE-NEW-
NODE. Since the ATN state-transition rule has
been repaired, REPAIR-STATE-DESCRIPTION-AND-
NETWORK modifies the ATN state-description and
the network.

Variables reflecting the results of the
modification are initialized appropriately.

FUNCTIONS USED: SETQ, REPLACE-RULE-SYNTAX-SEGMENT-WITH-
TRAN-RULE-NEW-NODE, REPAIR-STATE-DESCRIPTION-
AND-NETWORK
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BOUND VARIABLESs None

FREE VARIABLESs Rule, Network-Syntax-Error-Message,

ROUTINE s
OBJECTIVE;

Rule-Syntax-Error-Messagelh,
Network-Syntax-Analysis-Mssg-Code

REPAIR-VIA-KEYWORD-AFTER-REPLACEMENT

REPAIR-VIA-KEYWORD-AFTER-REPLACEMENT repairs

the ATN state-transition rule by replacing the
invalid fifth syntactic segment with the legal atom
AFTER. The actual repair work is performed by

the routine REPLACE-RULE-SYNTAX-SEGMENT-WITH-
KEYWORD-AFTER. Since the ATN state-transition
rule has been repaired, REPAIR-STATE-DESCRIPTION-
AND-NETWORK modifies the ATN state-description

and the network.

Variables reflecting the results of the
modification are initialized appropriately.

FUNCTIONS USEDs SETQ, REPLACE~RULE-SYNTAX-SEGMENT-WITH-

KEYWORD-AFTER, REPAIR-STATE-DESCRIPTION-
AND-NETWORK

BOUND VARIABLES: None

FREE VARIABLESs Rule, Network-Syntax-Error-Message,

ROUTINE s

OBJECTIVEs

Rule-Syntax-Error-Messagel9,
Network-Syntax-Analysis-Mssg-Code

PRINT~-THE-REPAIRED-NETWORK

PRINT-THE-REPAIRED-NETWORK outputs the repaired
Augmented Transition Network (ATN).

FUNCTIONS USED: PRINT, SP

BOUND VARIABLES: None

FREE VARIABLES: Network
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ROUTINEs EXAMINE-KEYWORD~IF-IN-LIST

OBJECTIVE: EXAMINE-KEYWORD-IF-IN-LIST examines the first
syntactic. segment or. component of the ATN state-
transition rule to determine if the atom IF is
in the list.

SYNTAX ANATYSIS:

FUNCTIONS USED:

BOUND VARIABLE

The COND function constitutes three clauses
which test other possible illegal occurrences
of s-expressions used to represent the first
syntactic segment of the ATN state-transition
rule.

EXAMINE-KEYWORD=-IF-IN-LIST identifies the
following illegal s-expressionsi

(C v ()  eev 1))
( <atom)» ) or
(( ... ( <atomd ) ... )

( ¢s-exprd ... <s-exprd ) or
(( evee (¢sS-eXPTD .0 <S-XBTY ) ... ))

The only candidate for Error Recovery is:

( <atomd> ) or
(( i Wi {( <atom) ) g ))

Error Recovery involves testing < atom ).
Insertion of the atom IF is made before

( €2tom) ) or (( ... ( <atomd )} ... ))
if the first segment is the atom T.
Otherwise, Replacement of ( {atom)> ) or

(( ... (<atom> ) ... )) by the atom
IF takes place. Likewise, the ATN
state-description and the network are
repaired.

Variables reflecting the results of the
ATN Syntax-Analysis are initialized
appropriately.

SETQ, REMOVE-NESTING-IN-LIST, COND, NULL,
RETURN, EQUAL, LENGTH, CAR,
REPAIR-VIA-KEYWORD-IF-INSERTION,
PRINT-THE-REPAIRED-NETWORK

Temp-Rule-Syntax-Segmentl represents the
temporary first syntactic segment.
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FREE VARIABLES:

Rule-Syntax-Segmentl, Network-Syntax-Error-
Message, Rule-Syntax-Error-Message2?,
Network-Syntax-Analysis-Mssg-Code,
Rule-Syntax-Error-Message28

ROUTINE: CHECK-KEYWORD-IF-IN-TRANSITION-RULE

OBJECTIVEs CHECK-KEYWORD~IF-IN-TRANSITION-RULE examines the
first syntactic segment or component of thé ATN
state-transition rule.

SYNTAX ANALYSISs

The COND function constitutes three

clauses which test possible illegal
occurrences of s-expressions used to
represent the first syntactic segment of an
ATN state-transition rule, namely, an
empty list, a non-empty list, or an atom
that is different from IF.

The atom IF is the only valid syntactic
representation of the first syntactic
component or segment of the ATN state-
transition rule. If the first segment

is a non-empty list, then further testing
is done to check the possible occurrence
cf the atom IF which might be nested
within the list. Such 2 check is made in
the routine EXAMINE-KEYWORD-IF-IN-LIST
which uses error recovery routines.

The routine CHECK-KEYWORD-IF-IN-TRANSITION-
RULE directly identifies a single syntax
errors

()

The reason is because EXAMINE-KEYWORD-IF-
IN=-LIST notes the other syntax errors.

Error Recovery occurs when the first
segment is any atom. Insertion of the atom
IF is made before the atom in question only
if the first segment is the atom T.
Otherwise, Replacement of the atom by the
atom IF takes place. Likewise, the ATN
state-description and the network are
repaired.
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Variables reflecting the results of the
ATN Syntax Analysis are initialized
appropriately.

FUNCTIONS USED: SETQ, CAR, COND, NULL, RETURN, NOT, ATOM,
EQUAL, REPAIR-VIA-KEYWORD-IF-INSERTION,
PRINT-THE-REPAIRED-NETWORK,
REPAIR-VIA-KEYWORD-IF-REPLACEMENT

BOUND VARIABLES: Rule-Syntax-Segmentl represents the first syn-
tactic segment of the ATN state-transition
rule.

0ld-Rule-Syntax-Segmentl represents the
temporary first syntactic segment.

If represents the only valid syntactic
representation of the first syntactic segment.

0ld-Rule represents the ATN state-transition
rule to be repaired.

0ld-State-Description represents the ATN
state-description to be repaired.

FREE VARIABLESs Rule, State-Description, Network-Syntax-
Error-Message, Rule-Syntax-Error-Message26,
Network-Syntax-Analysis-Mssg-Code

ROUTINEs CHECK-TEST-IN-TRANSITION~RULE

OBJECTIVEs CHECK-TEST-IN-TRANSITION-RULE examines the second
syntactic component or segment of the ATN .state-
transition rule.

SYNTAX ANALYSISs The COND function constitutes two clauses

to test the existence of a second syntactic
component or segment and to check possible
illegal occurrences of s-expressions used

to represent the second syntactic segmenf of
an ATN state-transition rule.

CHECK-TEST-IN-TRANSITION-RULE identifies
the following illegal s-expressionss

() or (( . X () o ))
(<atom» ) or (( ... (<atom) ) ... ))
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FUNCTIONS USED:s

BOUND VARIABLES:

FREE VARIABLES:

{ atom) other than T

The only candidate for Error Recovery

is (¢atom> ) or ({ ... (<atomd ) ... )).
Error Recovery involves testing < atom) .
If { atom> is the boolean atom T, then
< atom) replaces ( <atom) ) or

(( ... (<atom} ) ... )). Otherwise,
an error will be displayed. Such a
replacement takes place in the routine
REPAIR-VIA-TEST-REFLACEMENT, thus
repairing the state-transition rule.
Likewise, the ATN state-description and
the network are repaired.

The only valid syntactic_representations of
the fourth syntactic segment are:

{ atom)> equal to T

( {s-expr> ... {s=-expr> ) or
(( +ee ( <s-exprd ... {s-exprd> ) ... 1))

Variables reflecting the results of the
ATN Syntax Analysis are initialized
appropriately.

COND, NULL, CDR, SETQ, RETURN, NOT,
REMOVE-NESTING-IN-LIST, AND, LENGTH,
REPAIR-VIA-TEST-REPLACEMENT, PRINT-THE-
REPAIRED-NETWORK

Rule-Syntax-Segment2 represents the
second syntactic segment of the ATN state-

transition rule.

Temp-Rule-Syntax-Segment2 represents the
temporary second syntactic segment.

0ld-Rule represents the ATN state-
transition rule to be repaired.

0ld-State-Description represents the ATN
state-description to be repaired.

Rule, Network-Syntax-Error-NMessage,
Rule-Syntax-Error-Message4 to
Rule-Syntax-Error-Messagé?,
Network-Syntax-Analysis-Mssg-Code
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ROUTINEs EXAMINE-STATE-TRAN-SYMBOL-IN-LIST

OBJECTIVE:s EXAMINE-STATE-TRAN-SYMBOL-IN-LIST examines the
third syntactic component or segment of the state-

transition rule to determine if the atom
is in the list.

SYNTAX ANALYSIS:

FUNCTIONS USEDt

The COND function constitutes three
clauses which test other possible
illegal occurrences of s-expressions
used to represent the third syntactic
segment of the ATN state-transition
rule.

EXAMINE-STATE-TRAN-SYMBOL~IN-LIST
identifies the following illegal
s-expressionss

(C wee () o))

( <atomd ) or
(( ... (<atomd ) ... ))

( {s-expr> ... ¢s-expr> ) or
( oo (<¢s-expr) ... ¢s-exprd>) ... ))

The only candidate for Error Recovery is
(<atomd» ) or (( ... { <atomd» ) ... )).
Error Recovery involves testing <atom) .
If {atom> is either an ATN node name,
an atom WIN, or an atom LOSE, then the
state-transition symbol > 1is inserted
before ( ¢atomd ) or ({( ... (<atom>) ... )).
Otherwise, replacement of ( <atomd> ) or

ess (<a2atomd ) ... )) by the
state-transition symbol »» takes place.
Likewise, the ATN state-description and
the network are repaired.

Variables reflecting the results of the
ATN Syntax Analysis are initialized
appropriately.

SETQ, REMOVE-NESTING-IN-LIST, COND, NULL,
RETURN, EQUAL, LENGTH, OR, ASSOC,
REPAIR-VIA-STATE-TRAN-SYMBOL-INSERTION,
PRINT-THE-REPAIRED-NETWORK,
REPAIR-VIA-STATE-TRAN-SYMBOL-REPLACEMENT
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BOUND VARIABLES: Temp-Rule-Syntax-Segment3 represents the
temporary third syntactic segment.

FREE VARIABLESs: Rule-Syntax-Segment3, Network-Syntax-Error-
Message, Rule-Syntax-Error-Message30,
Network-Syntax-Analysis-Mssg-Code, Network,
Win, Lose

ROUTINEs EXAMINE-ATOM-IF-STATE-TRAN-SYMBOL

OBJECTIVE:s EXAMINE-ATOM-IF-STATE-TRAN-SYMBOL examines the
third syntactic segment or component of the state-
transition rule to determine if the atom in
question is the state-transition symbol >»> .

SYNTAX ANALYSISs The COND function constitutes two clauses
which test if the third syntactic segment is
a state-transition symbol »» and to check
whether to make an insertion or replacement
in the Error Recovery process.

If the third syntactic segment is represented
by ¢ atom)» is not a state-transition
symbol »» , then further testing is made.
If {atom) is either an ATN node name, an
atom WIN, or an atom LOSE, then the
state-transition symbol »> is inserted
before <atom> . Otherwise, replacement
of {atom) by the state-transition symbol
?>> takes place. Likewise, the ATN
state-description and the network are
repaired.

Variables reflecting the results of the
ATN Syntax Analysis are initialized
appropriately.

FUNCTIONS USEDs COND, EQUAL, RETURN, OR, ASSOC,
REPAIR-VIA-STATE-TRAN-SYMBOL-INSERTION,
PRINT-THE-REPAIRED-NETWORK,
REPAIR-VIA-STATE-TRAN-SYMBOL-REPLACEMENT

BOUND VARIABLES: None

FREE VARIABLES: Rule-Syntax-Segment3, State-Transition-Symbol,
Network, Win, Lose
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ROUTINEs CHECK-STATE-TRANSITION-SYMBOL-IN-TRAN-RULE

OBJECTIVEs CHECK-STATE-TRANSITION-SYMBOL-IN-TRAN-RULE
examines the third syntactic compohnent or segment
of the ATN state-transition rule.

SYNTAX ANALYSIS: The COND function constitutes two clauses
to test the existence of a third syntactic
component and to check possible illegal
occurrences of s-expressions used to
represent the third syntactic segment of
an ATN state-transition rule, namely,

an empty list, a non-empty list, or an
atom other than >»») .

The atom > is the only valid syntactic
representation of the third syntactic
component or segment of the ATN state-
transition rule. If the third segment

is a non-empty list, then further testing
is done to check the possible occurrence
of the atom ») which might be nested
within the list. Such a check is made

in the routine EXAMINE-STATE-TRAN-SYMBOL-
IN-LIST which uses Error Recovery routines.

Besides checking for the existence of a
third syntactic_segment, the .routine
CHECK-STATE-TRANSITION-SYMBOL -IN-TRAN-RULE
directly identifies a single syntax error:

()

The rezson is because EXAMINE-STATE-TRAN-
SYMBOL-IN-LIST and EXAMINE-ATOM-IF-STATE-
TRAN-SYMBOL note the other syntax errors

and do Error Recovery processes.

Variables reflecting the results of the
ATN Syntax Analysis are initialized
appropriately.

FUNCTIONS USED: COND, NULL, CDDR, SETQ, RETURN, NOT,
EXAMINE~STATE~-TRAN-SYMBOL~IN- LIST,
EXAMINE-ATOM~IF-STATE-TRAN-SYNMBOL.

BOUND VARIABLES: Rule-Syntax-Segment3 represents the third
syntactic_seghent of the ATN state-transition

rule.




0ld-Rule-Syntax-Segment3 represents the
temporary third syntactic segment.

State-Transition-Symbol represents the

only valid syntactic repregsentation of the
third syntactic segment. . The State-Transi-
tion-Symbol is signified by the atom >»>

Win represents a state-transition rule
new node which has a constant value WIN.

Lose represents a state-transition rule
new node which has a constant value LOSE.

0ld-Rule represents the ATN state-tran-
sition rule to be repaired.

01d-State-Description represents the ATN
state-description to be repaired.

FREE VARIABLESs Rule, Netwcrk-Syntax-Error-Message,
Rule-Syntax-Error-Message8,
Network-Syntax-Analysis-Mssg-Code,
Rule~-Syntax-Error-Messagel9

ROUTINE: EXAMINE-NEW-NODE-IN-LIST

OBJECTIVEs EXAMINE-NEW-NODE-IN-LIST examines the fourth syn-
tactic component or segment of the ATN state-
transition rule to determine if the ATN state-
transition rule new node is in the list.

SYNTAX ANALYSISs The COND function constitutes two clauses
to test other possible illegal occurrences
of s-expressions used to represent the
fourth syntactic segment 6T the ATN state-
transition rule.

EXAMINE-NEW-NODE-IN-LIST identifies the
following illegal s-expressionss

(¢ «ee C) o0 )

( ¢atom® )} or (( ... ( €atom» ) ... 1))
( ¢s-expr? ... {s-expr> )} or
(( ... ( <s-expr§x?.. (s-expr)> ) ... 1))
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FUNCTIONS USED:

BOUND VARIABLES:

FREE VARIABLES:

The only candidate for Error Recovery is:
(<atom> ) or (( ... {( <Catom> ) ... ))

Error Recovery involves testing < atom) .

If {atom? is either an ATN node name, the
atom WIN, or the atom LOSE, then <atom)>
replaces ( <atom} ) or ((...( <atom)> )...)).
Otherwise, an error will be displayed.

Such a replacement takes place in the routine
REPAIR-VIA-TRAN~-RULE-NEW-NODE-REPLACEMENT,
thus repairing the state-transition rule.
Likewise, the ATN state-description and the
network are repaired.

Variables reflecting the results of the
ATN Syntax Analysis are initialized
appropriately.

COND, EQUAL, LENGTH, SETQ, REMOVE-NESTING-
IN-LIST, NULL, RETURN, CAR, OR, ASSOC,
REPAIR-VIA-TRAN-RULE-NEW-NODE-REPLACEMENT,
PRINT-THE-REPAIRED-NETWORK

Temp-Rule-Syntax-Segment4 represents the
temporary fourth syntactic_segment.

Tran-Rule-New=Node represents the state-
transition rule new node.

Rule-Syntax-Segment4, Network-Syntax-Error-
Message, Rule-Syntax-Error-Messagel3,
Network-Syntax-Analysis-NMssg-Code, Network,
Win, Lose, Rule-Syntax-Error-Messagel5 to
Rule-Syntax-Error-Messagel?

ROUTINEs CHECK-NEW=-NODE-IN-TRANSITION-RULE

OBJECTIVE: CHECK-NEW-NODE-IN-TRANSITION-RULE examines the
the fourth syntactic component or segment of . the
ATN state-transition rule.

SYNTAX ANALYSISs

The COND function constitutes two clauses

to test the existence of a fourth syntactic
component and to check possible illegal
occurrences of s-expressions used to
represent the fourth syntectic segment of an
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ATN state-transition rule, namely, an

empty list, a non-empty list, or an atom
that is not an ATN node name. An atom
that is an ATN node name is the only valid syn-
tactic representation of the fourth syntactic
component or segment of the ATN state-
transition rule. If the fourth segment

is a non-empty list, then the routine
EXAMINE-NEW-NODE-IN-LIST is invoked to

check the atom within the list. If the
fourth segment is an atom, then a check

is made to determine if the atom is an

ATN node name.

Variables reflecting the results of the
ATN Syntax Analysis are initialized
appropriately.

FUNCTIONS USEDs COND, NULL, CDDDR, SETQ, RETURN, CADDDR,
NOT, ATOM, EXAMINE-NEW-NODE-IN-LIST, OR,
ASS0C, EQUAL

BOUND VARIABLES: Rule-Syntax-Segment4 represents the fourth syn-
tactic segment of the ATN state-transition
rule.

0ld-Rule-Syntax-Segmentd represents the
temporary fourth syntactic segment.

Win represents a state-transition rule
new node which has a constant value WIN.

Lose represents a state-transition rule
new node which has a constant value LOSE.

0ld-Rule represents the ATN state-transition
rule to be repaired.

0ld-State-Description represents the ATN
state-description to be repaired.

FREE VARIABLES: Rule, Network-Syntax-Error-Message,
Rule-Syntax-Error-Messagel,
Network-Syntax-Analysis-Mssg-Code,
State-Description, Rule-Syntax-Error-Messagel?,
Rule-Syntax-Segmenth,
Rule-Syntax-Error-Messagel8
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ROUTINEs EXAMINE-KEYWORD-AFTER-IN-LIST

OBJECTIVE: EXAMINE-KEYWORD-AFTER-IN-LIST examines the fifth syn-
tactic component or segment of the state-transition
rule to determine if the atom AFTER is in the list.

SYNTAX ANALYSISs The COND function constitutes three clauses
which test other possible illegal occurren-
ces of s-expressions used to represent the
fifth syntactic segment of the ATN state-

transition rule.

EXAMINE-KEYWORD-AFTER-IN-LIST identifies
the following illegal s-expressionss

(C e ()Y o0 1))
(<atom> ) or (( ... (<atom> ) ... ))

( {s-exprd> ... <s-expr) ) or
(( ... (<s-expr) ... <s-exprd ) ... 1))

The only candidate for Error Recovery is:
( <atom) ) or ({ ... (<¢atom) ) ... )).

Error Recovery involves testing ¢ atom ) .

If {atom) is AFTER, then the atom AFTER
replaces ( <atom> ) or (( ... ( <atomd)...)).
Otherwise, an error will be displayed.

The ATN state-description and the network

are repaired.

Variables reflecting the results of the
ATN Syntax Analysis are initialized
appropriately.

FUNCTIONS USED: SETQ, REMOVE-NESTING-IN-LIST, COND, NULL,

— ~ RETURN, EQUAL, LENGTH,
REPAIR-VIA-KEYWORD-AFTER -REPLACEMENT,
PRINT~THE-REPAIRED-NETWORK

BOUND VARIABLESs Temp~Rule-Syntax-Segment5 represents the
temporary fifth syntactic segment.

FREE VARIABLES: Rule-Syntax-Segment5, Network-Syntax-Error-
Message, Network-Syntax-Analysis-jMssg-Code,
Rule-Syntax-Error-Message33,
Rule-Syntax-Error-Message34
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ROUTINEs CHECK-KEYWORD-AFTER-IN-TRANSITION-RULE

OBJECTIVEs CHECK-KEYWORD-AFTER-IN-TRANSITION-RULE examines

the
ATN

SYNTAX ANALYSIS:

FUNCTIONS USED:s

BOUND VARIABLES:

fifth syntactic component or segment of the
state-transition rule.

The COND function constitutes three
clauses to check possible illegal
occurrences of s-expressions used to
represent the fifth syntactic segment of an
ATN state-transition rule, namely, an
empty list, a non-empty list, or an atom
other than AFTER.

The atom AFTER is the only valid syntactic
representation of the fifth syntactic compo-
nent or segment of the ATN state-transition
rule. If the fifth segment is a non-empty
list, then further testing is done to check
the possible occurrence of the atom AFTER
which might be nested within the list.

Such a check is made in the routine
EXAMINE-KEYWORD-AFTER-IN-LIST which also
does Error Recovery. If the fifth segment
is an atom other than the atom AFTER, then
replacement of {atom)» by the atom AFTER
takes place. Such an Error Recovery
process is accomplished in the routine
REPAIR-VIA-KEYWORD-AFTER-REPLACEMENT .

Variables reflecting the results of the
ATN Syntax Analysis are initialized
appropriately.

CADDDDR, COND, NULL, SETQ, RETURN, NOT,
ATOM, EXAMINE-KEYWORD-AFTER-IN-LIST,
REPAIR-VIA-KEYWORD-AFTER-REPLACEMENT,
PRINT-THE-REPAIRED-NETWORK

Rule-Syntax-Segment5 represents the fifth syn-
tactic segment of the ATN state-transition

rule.

0ld-Rule-Syntax-Segment5 represents the
temporary fifth syntactic segment.

After represents the only valid syntactic
representation of the fifth syntactic segment.



0ld-Rule represents the temporary ATN
state-transition rule.

0ld-State-Description represents the
temporary ATN state-description.

FREE VARIABLES: Rule-Syntax-Segment5, Rule, State-Descrip-
tion, Network-Syntax-Error-Message,
Rule-Syntax-Error-Message32,
Network-Syntax-Analysis-Mssg-Code

ROUTINEs CHECK-SIDE-EFFECTS-SYNTAX

OBJECTIVE: CHECK-SIDE-EFFECTS-SYNTAX examines the sixth syn-
tactic component or segment of the ATN state-
transition rule.

SYNTAX ANALYSIS: CHECK-SIDE-EFFECTS-SYNTAX is an iterative
routine that fetches a side effect from the
ATN state-transition rule and checks its
syntax. The COND function constitutes
three clauses to check possible illegal
occurrences of s-expressions used to
represent the sixth syntactic segment of an
ATN state-transition rule.

CHECK-SIDE-EFFECTS-SYNTAX identifies the
following illegal s-expressionss

(Yor ({ ... () .. ))
< atom >

The only valid syntax representation of
the sixth syntax segment are:

( <s-expr> ) or
( <s-expr) ¢s-expr)» ) or
( e @ ( (S—EXPI‘) * e <S-expr> ) LB I ] ) )

Variables reflecting the results of the
ATN Syntax Analysis are initialized
appropriately.

FUNCTIONS USEDs SETQ, CDDDDDR, CAR, COND, NULL, RETURN,
NOT, ATOM, REMOVE-NESTING-IN-LIST, GO
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BOUND VARIABLES:

FREE VARIABLESs

Rule-Syntax-Segmenté represents the sixth syn-
tactic segment of the ATN state-transition
rule.

List-of-Side-Effects represents a collection
of all the side effects of the ATN state-
transition rule.

No-Errors-Exist-In-List-of-Side-Effects
represents a boolean variable to signify
that a side effect has an improper syntax.

Rule, Network-Syntax-Error-Message,
Rule-Syntax-Error-Message22 to
Rule-Syntax-Error-Message2h,
Network-Syntax-Analysis-Mssg-Code

ROUTINEs CHECK-RULE-SYNTAX-SEGMENTS

OBJECTIVEs CHECK-RULE-SYNTAX-SEGMENTS examines the syntax
of an ATN state-transition rule.

SYNTAX ANALYSISs

FUNCTIONS USEDs

BOUND VARIABLES:

Each syntactic component of the ATN state-
transition rule is examined in sequence.
Thus, the ATN state-transition rule
keyword IF, the Test, the State-Transition
Symbol, and the State-Transition Rule New
Node are checked by calling the proper
syntax checking routines. If side effects
do occur, the ATN state-transition rule
keyword AFTER and its accompanying side
effects are syntactically examined. If
the keyword AFTER exists without any

side effect, then an appropriate error
message will be displayed.

COND, AND, NOT, NULL, CDDDDR, CDDDDDR,
CHECK-KEYWORD-IF-IN-TRANSITION-RULE,
CHECK-TEST-IN-TRANSITION-RULE,
CHECK-STATE-TRANSITION-SYMBOL-IN-TRAN-RULE,
CHECK-NEW-NODE-IN-TRANSITION-RULE,
CHECK-KEYWORD-AFTER-IN-TRANSITION-RULE,
CHECK-SIDE-EFFECTS~-SYNTAX

None
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FREE VARIABLESs Rule, Network-Syntax-Error-Message,
Rule-Syntax-Error-iessagezl,
Network-Syntax-Analysis-Mssg-Code

ROUTINEs CHECK-RULE-SYNTAX

OBJECTIVEs CHECK-RULE-SYNTAX examines the syntax of an
ATN state-transition rule.

SYNTAX ANALYSISs The COND function constitutes three
clauses which test possible illegal
occurrences of s-expressions used to
represent an ATN state-transition rule,
namely, an empty list and an atom. If
the ATN state-transition rule is a list,
then each syntactic component or segment is
examined by calling the routine,
CHECK-RULE-SYNTAX-SEGMENTS.

A syntactically legal ATN state-transition
rule can be any of the following:

( IF {test) > ¢new node) ) or

( IF <test> > ¢new node)> AFTER (side effects))
Variables reflecting the results of the

ATN Syntax Analysis are initialized
appropriately.

FUNCTIONS USEDs COND, NULL, SETQ, NOT, ATOM,
CHECK-RULE-SYNTAX-SEGMENTS

BOUND VARIABLES: None

FREE VARIABLES: Rule, Network-Syntax-Error-Message,
Network-Syntax-Analysis-NMssg-Code,
Error-Exists-in-Network-Syntax,
Rule-Syntax-Error-Messagel,
Rule-Syntax-Error-Messagez25
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ROUTINE: CHECK-NETWORK-SYNTAX

OBJECTIVE: CHECK-NETWORK-SYNTAX is an iterative routine
that examines the syntax of an Augmented
Transition Network (ATN).

SYNTAX ANALYSIS:

FUNCTIONS USEDs

BOUND VARIABLES:

FREZ VARIABLES:

A test is initially made to determine

if the entire ATN is missing. If an

ATN is existing, then further testing

is done to check each syntactic segment

of the ATN, namely, the State-Deseription,
the Node Name, and the State-Transition
Rule. ATN syntactic component fetching and
testing are done iteratively.

Variables reflecting the results of the
ATN Syntax Analysis are initialized
appropriately.

COND, NULL, SETQ, RETURN,
CHECK-STATE-DESCRIPTION-SYNTAX,
CHECK-NODE-NAME-IN-STATE-DESCRIPTION,
CHECK-RULE-SYNTAX, GO

List-of-State-Descriptions represents
2 network.

List-of-Rules represents a state-description
minus the network node name.

Network, Network-Syntax-Error-Message,
Network-Syntax-Error-iiessagel,
Network-Syntax-Analysis~Mssg-Code,
Errcr-Exists-in-Network-Syntax,
State-Description, Newstate, Rule

RCUTINE: INITIALIZE-NETWORK-SYNTAX-ERROR-MESSAGES

OBJECTIVE: INITIALIZE-NETWORK-SYNTAX-ERROR-MESSAGES assigns
each possible Augmented Transition Network (ATN)
syntax error message to its corresponding
Augmer:ted Transition Network syntax error
message code.

FUNCTION USEDs

SETQ

A=30



BOUND VARIABLESs None

FREE VARIABLES: Network-Syntax-Error-Messagel to
Network-Syntax-Error-Messageg

ROUTINE: INITIALIZE-RULE-SYNTAX-ERROR-MESSAGES

OBJECTIVE: INITIALIZE-RULE~SYNTAX-ERROR-MESSAGES assigns
each possible Augmented Transition Network (ATN)
rule syntax error message to its corresponding
Augmented Transition Network rule syntax error
message code.

FUNCTION USEDs¢ SETQ

BOUND VARIABLESs None

FREE VARIABLESs Rule-Syntax-Error-Messagel to
Rule-Syntax-Error-NMessage34

ROUTINEs INITIALIZE-NETWORK-SYNTAX-SEGMENTS

OBJECTIVE:s INITIALIZE-NETWORK-SYNTAX-SEGMENTS assigns
dummy values to each variable which represents each
syntactic segment of the Augmented Transition
Network (ATN).

FUNCTION USED: SETQ

BOUND VARIABLES: None

FREE VARIABLES: State-Description, Newstate, Rule
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ROUTINEs GETF

OBJECTIVE:s GETF is a routine that fetches the property
value of the property name FEATURES. The
classification type of a word appears on the
property list of the word under the property
name FEATURES.

FUNCTION USEDs GET

BOUND VARIABLE: The-Features represents the property value
of the property name FEATURES.

FREE VARIABLESs: None

ROUTINE: INTERSECTION

OBJECTIVEs INTERSECTION accepts two lists and determines
a list containing only the elements that are in
both of the two lists.

FUNCTIONS USEDs COND, NULL, MEMBER, CAR, CONS, INTERSECTION,
CDR

BOUND VARIABLES: Listl represents a list of s-expressions.
List2 represents a list of s-expressions.

FREE VARIABLESs:s None

ROUTINEs TESTF

OBJECTIVE: TESTF returns T only if a given node has all of
the given features. TESTF can handle either a
single feature or a list of features.

FUNCTIONS USED: COND, NULL, ATOM, SETQ, LIST, EQUAL, LENGTH,
INTERSECTION, GETF

BOUND VARIABLES: Node represents a word whose features are
to be examined.

Features represents the characteristies of
a’'given word.
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FREE VARIABLES: None

ROUTINE: PRINT-THE-PARENT-AND-THE-CHILDREN

OBJECTIVE: PRINT-THE-PARENT-AND-THE-CHILDREN outputs the
property value of the child and the property
value of the parent.

FUNCTIONS USEDs TERPRI, PRINg, XTAB, PRINT, GET

BOUND VARIABLESs None

FREE VARIABLES: The-Child, The-Parent

ROUTINEs ATTACH

OBJECTIVEs ATTACH is a routine that connects nodes by way
of placing appropriate values on a property list.

FUNCTIONS USEDs PUTPROP, APPEND, GET, LIST, SETQ,
PRINT-THE-PARENT-AND-THE~CHILDREN

BOUND VARIABLESs The-Parent represents the atom name of
the property value The-Children and the
property name Children.

The-Child represents the atom name of the
property value The-Parent and the property
name Parent.

The-Children represents a list of property
values.

FREE VARIABLESs None
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ROUTINEs: SELECT
OBJECTIVE: SELECT is a recursive routine that takes two lists
as arguments and returns the first thing in the
in the first list that is also in the second.
FUNCTIONS USEDs COND, NULL, MEMBER, CAR, SELECT

BOUND VARIABLESs S-exprl represents a symbolic expression.

S-expr2 represents a symbolic expression.

FREE VARIABLESs None

ROUTINEs GENNAME

OBJECTIVE: GENNAME is a routine that generates a unique new
atom each time it is evaluated. When the value of
the argument of GENNAME is, say, Parse-Noun-Group,
then the new atom is of the form Parse-Noun-Group-n
where the number n increases by one each time the
function is used with Parse-Noun-Group as the
value of its argument. GENNAME is not a standard
LISP function, however, it is defined using the
LISP functions IMPLODE, EXPLODE, and GENSYM.

FUNCTIONS USED: IMPLODE, APPEND, EXPLODE, CDDDDR, GENSYM

BOUND VARIABLEs Name represents the atom to be connected
into a unique new atom.

FREE VARIABLES: None

ROUTINE: PRINT-THE-REGISTER-AND-THE-VALUE-QOF-THIS-NODE

OBJECTIVEs PRINT-THE-REGISTER-AND-THE-VALUE-OF-THIS-NODE
outputs the register name and its corresponding
content with respect to an Augmented Transition
Network node.

FUNCTIONS USEDs PRINg, XTAB, PRINT

BOUND VARIABLESs: None

FREE VARIABLES: Register, Value
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ROUTINEs SETR

OBJECTIVE; SETR is a routine that places the value of a node
into a register. It is accomplished by placing the
property value of an atom name into a property
name. SETR uses This-Node as a free variable.

FUNCTION USEDs PUTPROP, PRINT-THE-REGISTER-AND-THE-VALUE-QOF-
THIS-NODE

BOUND VARIABLEs Register represents a property name.

Value represents a property value.

FREE VARIABLE: This-Node

ROUTINEs GETR

OBJECTIVEs GETR is a routine that retrieves the value of a
node from a register. It is accomplished by
fetching the property value from its property
name.

FUNCTION USEDs GET

BOUND VARIABLEs Register represents a property name

FREE VARIABLE: This-Node

ROUTINEs ADDR

OBJECTIVE: ADDR is a routine that uses SETR and GETR to add
a new element to a register.

FUNCTIONS USEDs SETR, CONS, GETR

BOUND VARIABLESs Register represents a property name.
Value represents a property value.

FREE VARIABLES: None
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ROUTINE: INTERPRET

OBJECTIVE: INTERPRET is an iterative routine that accepts a
network, fetches a state-description, and tests a
state-transition rule. It works by maintaining
the proper values for certain variables, e.g.
Parent~Node, Features, This-Node, and Hold. More
importantly, INTERPRET will also have Network, an
atom whose value is an augmented transition
network description.

FUNCTIONS USED: SETQ, COND, EQUAL, GO, ASSOC, CDR, CAR,
EVAL, CADR, CDDDDR, MAPCAR, LAMBDA, NOT,
TESTF, ATTACH, RETURN

BOUND VARIABLESs Network represents the ATN description.

Parent-Node will represent the property
value of the property name Parent upon
invoking the routine ATTACH.

The classification type of a word appears
on the property list of the word under the
property name Features.

Newstate represents the name of some node in
the ATN description.

Oldstate represents the most recent value
of Newstate.

State-description represents a list which
contains an ATN node name and one or more
state-transition rules. It specifies what
courses to take in the process of driving
a path through the network.

Rule represents a deseription of what must
be done when an ATN arc has been taken.

Hold temporarily holds a list of words
remaining to be analyzed.

This-Node represents the word under inspection.

FREE VARIABLES: Remaining-Words, Current-Word
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ROUTINE
OBJECTIVEs

PRINT-THE-NETWORK-SYNTAX-ERRORS

PRINT-THE-NETWORK-SYNTAX~-ERRORS outputs the
state-description, newstate, rule, the augmented
transition network syntax error message number, and
the augmented transition network syntax error
message. The possible syntax error messages are
Network-Syntax-Error-Messagel to Network-Syntax-
Error-Message9 and Rule-Syntax-Error-Messagel to
Rule-Syntax-Error-Message34.

FUNCTIONS USEDs: PRINT, TERPRI

BOUND VARIABLES: None

FREE VARIABLES: State-Description, Newstate, Rule,

ROUTINE s

OBJECTIVE:

FUNCTIONS

Network-Syntax-Analysis-Mssg-Code, and
Network-Syntax-Error-Message

RECORD
RECORD is a FEXPR routine that creates function
definitions such as Parse-Word, Parse-Noun-Group,
and Parse-Clause.

USEDs SETQ, INITIALIZE-NETWORK-SYNTAX-SEGMENTS,

PUTPROP, PRINgZ, XTAB, PRINT, TERPRI, SP,
CHECK-NETWORK-SYNTAX, COND, PRINT-THE-
gﬁgWORK-SYNTAX-ERRORS, CONS, EVAL, SUBST,

BOUND VARIABLE: The-Aug-Tran-Network represents the

augmented transition network (ATN)
description.

FREE VARIABLES: Network-Syntax-Error-Message,

Error-Exists-in-Network-Syntax,
Network-Syntax-Analysis-Mssg-Code,
The-Network-Title, Network
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ROUTINE: RECORD-PARSE-WORD

OBJECTIVEs RECORD-PARSE-WORD contains the Augmented
Transition Network (ATN) description to analyze
an English word. It invokes the FEXPR routine
RECORD to create an instance of a function
definition called PARSE-WORD.

FUNCTION USEDs RECORD
BOUND VARIABLES: None

FREE VARIABLES: None

ROUTINE: RECORD-PARSE-NOUN-GROUP

OBJECTIVEs: RECORD-PARSE-NOUN-GROUP contains the Augmented
Transition Network (ATN) description to analy:ze
an English Noun Group. It invokes the FEXPR
routine RECORD to create an instance of a function
definition called PARSE-NOUN-GROUP.

FUNCTION USED: RECORD

BOUND VARIABLES: None

FREE VARIABLES: None

ROUTINE: RECORD-PARSE-CLAUSE

OBJECTIVE: RECORD-PARSE-CLAUSE contains the Augmented
Transition Network (ATN) description to analyze
an English Clause. It invokes the FEXPR routine
RECORD to create an instance of a function
definition called PARSE-CLAUSE.

FUNCTION USEDs RECORD
BOUND VARIABLES: None

FREE VARIABLES: None
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ROUTINEs IDENTIFY

OBJECTIVEs IDENTIFY is the main routine called by the user to
execute the ATN Interpreter and the ATN Syntax
Analyzer. It contains a dictionary where English
words are listed alphabetically and each property
of each word is defined. The routine IDENTIFY
states the English clause to be parsed by the ATN
Interpreter.

FUNCTIONS USEDs

BOUND VARIABLES:

INITIALIZE-NETWORK-SYNTAX-ERROR-MESSAGES,
INITIALIZE-RULE~-SYNTAX-ERROR-MESSAGES,

SETQ, DEFPROP, RECORD-PARSE-WORD,
RECORD-PARSE-NOUN-GROUP, RECORD-PARSE~-CLAUSE,
COND, GO, NOT, PRINT, TERPRI

Network represents the Augmented Transition
Network description.

The-Network-Title represents the ATN name.

State-Description represents a list which

contains an ATN node name and one or more

state-transition rules. It specifies what
courses to take in the process of driving

a path through the network.

Newstate represents the name of some node
in the ATN description.

Rule represents a description of what must
be done when an ATN arc has been taken.

Remaining-Words represents a list of words
remaining to be analyzed.

Current-Word represents the current word
which is being analyzed.

Last-Parsed represents the word parsed most
recently.

English-Clause represents the English clause
to be parsed by the ATN Interpreter.

Network-Syntax-Error-Message represents a
message provided by the ATN Syntax Analyzer
reflecting the outcome of analyzing the ATN
syntactically.

Error-Exists-in-Network-Syntax represents a
boolean variable which signifies whether or
not an ATN syntax error has been discovered.
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FREE VARIABLES:

Network-Syntax-Analysis-Mssg-Code represents
any of Network-Syntax-Error-Messagel to
Network-Syntax-Error-Message9 and
Rule-Syntax-Error-Messagel to Rule-Syntax-
Error-Message3k.

Network-Syntax-Error-Messagel to Network-
Syntax-Error-Message9 represents possible
occurrences of ATN syntax errors.
Rule-Syntax-Error-Messagel to Rule-Syntax-

Error-Message34 represents possible occurrences
of ATN state-transition rule syntax errors.

None

A-4O



APPENDIX B

THE AUGHENTED TRANSITION NETWORK (ATN)
INTERPRETER AND SYNTAX ANALYZER
SOURCE CODE

The following listing is the LISP source code for the ATN
Syntax Analyzer to syntactically investigate an ATN description
and the ATN Interpreter to parse an English clause.



L0 2y drdd :hiddy ld)y M)

CRLS LY MMV (il

CCCOCTLSTT MID) MUY HT)) MU

CTAGIT)Y MOIVY N

COCCTLGTTT HaDy Mad)Y HMud)

(TASI) I M40

COCTLSIT D) Mwd)

CTLGTT) Mavd M.

COOTASBTT ¥vd)

CTLSL™) MUV NiLAT )

B-1



COCCCCTASTT MI3) MID) MDY MID)

CTAST) MBI NAAET)

COCCTLGTITT MID) NI MId)

CFLSTIT) MODI) NNADT)

CCCTLSTT MDY ML)

(TLSIT) MIID NON4HT)

COCTLSIT MYI)Y MITD)

CTLSIT) MWiI) M4

COCCCCCCTLSTITT MOD) MITI) MID) MID) MID) MUD)

CTLSTT) MIDIIIYd N4
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COCCL XWANAS-MHOMLAN-NI-SLSTXA-HOMME DLIS)
(LAOVSSAN-HONN DAY LNAG-MUOMLAN,

AU

DHHU-GTHATYNY- XY LNAG-MYOM LN DLAS)

AU MO A-XYLINAG - NMOM LN
SXYLNAG-NMMOMLEAN DLHES)Y 1)

CCOCL XYLNAS- Amczpwz NI-GLETIXA-HMOMMT DLAS)

(f m_n-ct.. AH-

HOMMA-XYLNAS-NMMOMLAN

AIOI-DEEH-BTEATYNY - XY LNAG-MNOMLAN 013%)
AruJCLmazi;cxauibez>m!zz33huz
AOVEEAH-MONIA-XVINAG-MEOMLAN DLAS
CT O (NOTLATMISIT -34S HLONIT) WNDAD ) INOD)

CCNOTLATHISAI-HI9LE HOLY)Y 1LON)Y)

COL XQINAS-MUOMLAN-NI-SLSTXH--MOMME 0L35)
(CAOVEEAN-HO0UMD- XV LNAG - MMOMLEN,
AAOD-HGHH-GTEATTVNY - XY LNAS-ME0MLIN D1L3S5)

(ECAUYSEAM-MOHMI- XV INAS-MMOM LN

CCOCCEHAXD-G M)
C(MAXE-5 MY

AQUESEIAW-HOMMA-XYLNAG~-MHOMLIN D135)
(NOTLATHISAI-FAVLE TINNI Y ANOD)

() XYLNAG-HOLLATHIGI-FLYLS=-MITHID NNADT)

ASTT-NI-ONILEEN-AA0NANM)
LETT-NI-ONTLGAN-3A0WIAN) ONIL44Y) L)
CCHAXA-8 1STIT) (MdX3-8 HOLWY))
CIIN (HAXA-S TUINDY Y INOD)D

(HAXT=8) LGIT-NI-ONTLSAN-3A0NAN NNAIT)

CCOCOCTLSET MiID) MID) D)y 1Dy M)

(TASIT) MENIWI) NAAAT)
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COPHOMLUAN-TIH TV A~ AHL- AN T HA)
CLADVEG AW~ HOMMA - XY LNAG-MMOMLEN .,
FIOD-DEEH-FISATUNY - XY LNAS-MHOMLEAN BLAS)
CAABVEEAU-HOMMI-XVINAS ~-MMOMLAN
WEGAU-MOYM T - XVINAS-HHOMLAN D13S)
CONMOMLAN
NOT LA TMISHT-A LY LE -
NOTLATHISAN-AIVLE LSHANS) ’
MMOMALEN DLAS)
CONOTLATMISTT-AL9 L5110
ALYLEMIN-TT0
ALVLEMNAN LSANSE)
NOTLATMIGHT-AL1s 10.135)
COCALYLSMAN-TTO
LHTT-NI-ONTLSAN-INDWAM )Y HUD)
C ALYLSMAN BLAS)

(T C(HLYLSMAN-TT0
LSBT T-NI~-ONTLSAN-TADHEXNY HLONTT) VNnEd)
COL XYINAS=MUOMEAN-NI-S LS TXA-HOMNYS DL3AG)
(PADVGEAN-HOMMA - AV INAS-NHOMLAN .
ANOV-DEEH-GTHEATTYNY - XY AINAS-MMOMLIN DLAS)
(PAOVEGE AN MMM~ XY LNAS~-MNNOMLAN
ADVEEAU-NOHE - XY LHASG-NEOMLEN BLAG)
CCALVLGMAN-TTT0 ASTT-NT-ONTLSAN-IN0WAMY T1710N) ) ONOD)
(HOTLATHIGSHT-FAVLEG NOLLATHISI-FLVLSE--T1710 DL3AS)
CLLYLSMAN FLYLISMAN-TTO0 DL138)
(T CALWLSMAN HLONAT) YNn3a) ) MDD
CCALVLSMAN HOLY) LOM))
COL XYLRAGS-NMOMLAN-NT-SLSTIX3-M0MMT 0.1386)
(GAOVSSAW-NOUYA - X LNAS-MMOMLAN,
AHIOL) -5 G H-STGATYNY--XYLNAS-NMOMLIN DL35)
(9GS AN - HOMY I~ XY LNAG--NUOMLAN
ADYEEAN-UOAM - XY LHAS-MMOMLEAN L35
CALYLEMAN TIIND Y 1INGDD

CHOTAATEOSA =LY LS00 ALY LEMIN-TIT0) 90Md4)
O NOTLATEIS]-FIVES-H LI~ AHYN=DION-MIIHD HOAEE)
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COCCATINN-ITI0 TLANAIHOAG - XYLMAGS -3 WM~ 4T LSE0S5) HMOLEM)

() 9044

() AL-MOMAIN-HLIMN-INIHOTE - XV AINAS-I INY~-FIYT1AIY NOJT)

COCOCELSTT (TLASTITT MID)Y FDINANAAATI-LSITTY (TASITT M) SNODY L)
CCEASTT (TLSTT MID) AINIHIAATI-LETD)

(ZLSTI71 (TLSTT 39D MIAWEW))
CIIN CTLSIT TIINY Y ONOD)

(C1SIT TLSIT) FONINALATI-LESIT NNAIT)

COCOCCCL XYANAS-NIADMLAN-NI-SLSTIX3-HNONNT D138)
(BAOVEEAN-MONYI-XVINAS-MUOMLEAN ,
AT0D-A5EH-STEATTUNY-XYLNAS-NMOMLAN BL3AS)
(SI9VHSHH-NOMUNT - XY LNAGS-MMOMLAN '
AOVEEIN-HOMMA- LY LNAS-NMOMLIN 0135) 1)

COCCL XYLNAG-NHOMLAN~NI -G LS TX-H0MYH
CHAOVHE AU - UMD XY LHAS-MNHOM LN,
AT0D-HGEH-S TS ATHNY - XY LNAS-NMOML AN
(AAMYEEIN-MOMUA-XVLNAS-NHMOM LIN
AMVGHAN-MOMIA- XY ENAG-MHOMLHN

tLAS)
tLAS)

0Las) 1L
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COCCHTN--01)
P LNAHOES - XY LNAS-310Y
ATON-MAN-3TNN-HYNML LSANS) NMALIN)

() 90d4)
() AMON~MEAN-2T0H-NUNL-HLITA- LNIHOFG - XY INAG 3083097438 NAAAT

COOCAMNNE-ANS SLSTT-A40-ADNIHNIAAATT (ONDSH4Y)  NEALEN)
CCAMH-ANG T0HHAS-NOT LTSNV L~-ALYLES 6NOD) JNM-dNS 0DL385)
CCAMNM-INS 37N 3ONIMASA4IN-16171) SLST1-A40~-FININIAAATIT BLES)
CCA'INY ELNIHOAG-XVLINAG-ITINY HIIUIW) 3INY--4NS B138)

(SAGTT1-A0-AINIMAAATA JATNM-ANG) 00D
O FAMNE-NYML-NYOMLAN-OLNI-TOHHAG-HYML-FIVLE - LHIAENT NNADT)

CCCCANN-IEN0
L£AINAWOIG-XVINAS-T0H
TOHNAS-NOTLISNUML-31VLE LSHNS) NYNLAN)

() 9044)
O TOAHAG-NUHL-FLYLE~HLITMA-LNAWOAG-XY LNAS-FTNM-3IV 1438 NNATT)

COOCCHINA-I0 4T SHOD)Y  NUNLEN)

() H0MA)
O AMN-NYNL-NEOMLAN-OLNT = AT~ THOMAIN--LYASNT  NNA3T)
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CCEADPEE AN -HOUHA-XYLHAG-F 1NN, FAND-DGEH-STSATYNV-XVLNAS- MHOMLEIN OLAS)

(EAYES AU - HOMMNA-XVLINAS-TTNY FDVESIR-NOMYI-XVINAS-MUAOALIAN DLAE)
CMOMLAN=-INY-NOT LATMIG AT -1 LE-NTVAAM)
CCAT-IHONADH-HLIM- LHAWOAG - XV INAG-IINY--309 1451 30y 0.1345)

O LHAKAIYAAN -~ 4T~ THOMA DN - TA-N TV A3 NNA3T)

; CCOANMOMLEN
NOTLATMISA-ALQLEG-11710
NOTLATMIAGII-3EVLE 1L5UNS)
MMOMLAN 0135)
COMOGELATUIS ALV LS -I10 3NY-0710 37N LGHNS)
HOLLATADGT-31V1LS DL3%)

) NHOMLAN-INV-NOT LATHISHT-F LY LG -HIVA3Y NNATTD

COCCATNY-TI0 SANIHDDE-XKYANAS -3 HALAY LEHNG)Y NMOLAM)

) a0Md)
O MALAV-THOMADA-HAT M~ LNAHOAEG-XVLNAGS -2 -3V 1438 NN
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CCAAGVEHIN-HOH - XY INAS-TTNN ,  FI0D-DEEH-GTESATYNY-XQLNAG-MHOMLIN OL3AS)
(HIAVHESIN-HONHI-XVLINAS-FINY FQUSEIU-HOHYI-XYLINAS-MNAOMLIAN D135)
(MYOMLAN-INY-NOT LATMIS AT -FLVLG-HIV4ETN)
COMMUAG~NYEL~AAYLE~HLTM - LNAHOAS-XYLNAG-ATNH -3V 143M) 308 0HL36)

) LNARIIV AT -T0HHAS ~NUNL-FLY LS -V IN-NMTIVAIM NNJTD)

((OEADUSSIN-MONNI-XYLNAS -2,
AI0I-DGEH-STEATTYNYV-XVLNAG--MHOMLEN B135)
OECAVESAH-UOMMI-XVLINAG T IMNY HOVSEAR-MOMMI - XV LMNAG-MMOMLIN BLEG)
CHMOMLAN-INY-HOT LATMIES T~ LY LS -HTIVAAN)
CCAMU-TIT0 SANAHOGASG-XVINAS-3T0M L, L1S408) 3708 013s)

O ANAWADYTAGY - LG L-YIN-MIVAIY NAAFD)

CCEFDUELHW MO~ XY LNAG--T0NY ,

AAOI-DEEHU-S TS ATUNY- XV LNAS-MMOMLEN OLE8)
(£AOVES!

A-AOMN - XY LNAS-3TNY HOVSSIN-MONNT- XV LNAG~NHOMLAN BL3S)
(MOMLIN-INY-~NOT LITMISAT~DLYLE~MTYSAN)
CCHMA-NYUL-NEOMLAN-OLNT~ 4 T-4OMATI- LNISNTY 3WIN 0138)

O HOTIMASNT-A4T--THOMAIN-HIA-HNTIYVAIY NNADT)
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CCATIADVES AN -HOMN - KV LNAS-ITINA,
AI0I-ODGEH-STSATTUNY-XULNAS-MHOMLIAN DLES)
CATADVES AN MO XY ANAS AT FOVESIH-HNOYNI--XYLNAS-MHOMLIN OL138)
CIMOMLEAN-GNY-MO T LATHIS - LV LE-MTVAH)
CORALAY - THOMAIN-HLIM- INSHOAS - XV IHAS -3 MNN-3I97143 ) 37NN 013%)

O INGHADV TN -H AL AV -ITHOMATIN -V IA-NIVIINY NNATT)

((UTAQVEEAN-MOUUA-XVLINAS-IINH ,
AMO0D-HEEU-SLTSATUNY - XU LNAS-MUOMLAN 0138)
(P TAQVSEIAN-UOMET-XYLNAS AT FOUSESIH~-HOHNT-XYLNAS-MUOMLIN B13S)
CPEHOMLAN-ONY-NO T LJIMNISAT -1V ES-HIV43Y)
CONMON-MAN- 3T~ NYML-HLTM- ANIHO G- XYV INAS-TNM-3091438) 37 DAAS)

O ANIGHIIVIAIN - ZION-MIN-ITNU-NOEL-VIN-MIVATIY NNADT)

CCOTADVSEAN-HOMYA-XV LHAS -7,
AMOI-DEEH-SIGATYNY -~ XV INAS-HMMOMLAN OLES)
COTADVESAN-HOMM I~ XVLNAG-2T1M AOVESIW-HOMYI-XYINAS-MNEOMLAN DL3S)
CHMOMLAN-INY-NO T LATMIS AT - DL LG -H T3 )
COMNA-NOUL-HAHOMLAM-OLNT -"TOHHAS~NYML-F LV LS~ LHASNT)Y 31N 0138)

) NOTLMIAGNT-TDHHAS-NUML-FLIV LS -YTA-HIVAIN NOADT)
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(1.

CCOCCTIIN NMALEM)
(BTIOYEEIH-HOAN I~ XV LNAS-ATINN,
AI0D-HGEH-STSATIVNY-XYANAS-MHOMNLIAN BDLES)
(BCADVSEAW-HOME T - XYLNAS-T"N .
AQVEEAH-MOMY T - XVLNAG-NMOMLEN 0LES) L)
(OOl NAnLad)
CORIOM LAN-T3NIVAIY-FHL-LNTHA)
CINGWIIO 1A - AT~ THOMNAIN-VIN-NIVAEN) L)
(1 NMNL3M)
CNHOMLAN-TINTIVAIY~FHL~-LNIN)
(NOT LMASNIT - AT ~INMOMAZIN-VIN-MIVA3Y)
CTANAHOAG-XVANAS-TTNN-AWHL MYD) Tendd) ) aON0D)
(B (TANIHOAG - XYLNAS-IINY-4HAL HIONIT) WNH3a) )
CCIIN NNALEHD
CAEAVEGIW - HOMU - XVANAG-ETINM ,
AM0D-DESH-BTSATYNY - XV LINAG-MMOMLEAN BL38)
CZEADVSEAN-HOMYI- XV LNAS--3T1NY
FOVESAW-HOMMI- XY LNAGS-MHOMLAN BLEAS)
(TANIHOAS-XYLINAG~ATMNN~AWAL TIANDY ) ANOD)
COTANAHOAG- XD INAS-TTINY LS T1-NT-9ONTLSAN-3A0KIY)
TINAWDIG-XYLNAS-3TINY-4WIL DL13S)

(TLNAHOAS - XYLNAS-FTNY~-dHIL) 90MA)
) LSTN-NI-AT-THOMAIN-ANTHYXE NNAAT)

CORMOMLAN AG)
(ST-3A0HY-HMOALAN-NOT LISNUH LTI LNAWONY -1 AN VA3 -FHL . INITMD)

O MMOMLAN-TANTIVAFIN-AHL - LNTYG NAATD
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COOOCCCL NYNLAYD
CIMOMLAN-ANTY AN -FHL~ LNTMA)
CINAWIIVTAAY - A1 -THOMAIN-VINA-MIV43Y) 1)
(L NMOLIY)
CNHOMLAN-TINIVATN - FHL - LNTM)
(NOTAMAGNT - A~ IHOMAAN-VIN-MIVAAN)
(L, TLNAWOIAG-XVLINAS-IT0M WND3E))
COL NYNLEN)
CAT TLRNAHDAS-XWINAG=-2TNM 0N0E) ) ONODY L)
COCLST T-NI-JT-IHOMAIN-ANTHUXE) NMNLIY)
CCTLNAROAS-XYLINAG-3T1NY HOLY) LON))
COTIN NaNL3M)
(PEADVES AW -HOMM - XY LNAS~HTINM .
ATOI-HGGH-STSATYNV-XVLNAS-NHMOMLAN £138)
(9E3WEEAN-MOMM I~ XY LNAE 71N M
A9YSHUIU-HOMMI-XVINAS-NHOM L3N 0138)
C(TINIRDAG-XYAINAGS-IINY "TINNDY ) (INOD)

(HOTLATMNISHI-ALYLS NOTLATNISIT-FLYLIE-1170 0L38)

(370 301710 DLE%)

(4T, 41 0138)

CTLNARDAS-XYLHAS~T10M  TLNAWD AL ~XVLMAS - 3TN --1710 OLES)
CCHINY MVI)Y TLINIHOAS-AYLHAS-3TNY 0LIS)

(NOTLATHISAT-ALVLE-TI0 AMNMMH -0 AT
TANAWDIG-KAYLINAS=AMIN-0"10 TANIRDAG-XPLNAS~ATIN)  90Md)

O 3MNH-HOTLISNYYL-NT~AT-IMO0MAIN-MIIHD NOAT)
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COCCL NHNLAY) L)
CCL NMOLEM)
CIMOMLAN-TAN TV AN - HH L~ LN T M)
CLNAWAMN 13- LS AL~V A-MTIVA3d)
(L,
CEANAWDAG XV LNAG - -dWE L MUD)  "IvnND )
(T (SLNAHOAG-XYLNAS -3 --AWA L
HLOHIT)Y IvNdE) 1INV))
COTEN NMOLEM)
(P39VGE AN -NOHM T~ XV LHAS - AN,
AI0I-DGEH-STSATUNY - XY LNAS-MEMOMLIN B.L35)
(PAOYSEAR-MOMMA-XVANAS~-3TNA
ADYH SN -HOUYA- XY INAS-NHOMLAN BLIAS)
(CANANDIAG-XVLINAS AT -AWAL THINDY ) (INOD)
CCELNIWOZIG - XY LNAG--TT10
LETTI-NI-ONTLEAN-AN0WE)
CANAHDAG -XYLNASG-TINY-dHAL BLAG)
COELNIHOAS-XYAINAS-3TNN HOLY) LOW))
COTEN NMNLEM)
(SFOVESIU-HONHT-XVLINAS-TNN,
AUOD-O55H-STSATUNY-XULNAS~MHOMLAN 0135)
(SAOYEGAW-HMOMMA -~ XY LNAS -3
AAVEGEAN-HOMYA-XYLNAGS-NMOMLAN OLEG)
(ELINAHDAG-XYLINAS-TTUI TUINDY ) INDDD
(NOTLATHISGDI-3IVLES NOTLATHISI-3LVLIS-I10 0138)
G0 3TN0 BLES)
CCINY MIVD) SANFHOTS-XVINAS-3INY BL36) 1)
CCTIN NYNLAM)
(U ADVELAH-MOMMI-XVLNAS-27INM .
AQOD-AGEH-STEATYNY - AV LNAS-MHOMLEAN OL138)
(VAQVES A -HOMME-XVLINAS-A0Y
FOVESAU-HOMY XY INAS-NMOMLAN D135)
CCAINY M1 TINNDY Y INOD)D

(NOTLATUISAT-FLVLES—T710 ATINY-T710
CLNAHOAG -XYLNAS - MY -dWAL SININDAG-XVINAS-ATINN)Y 90Md)
O AME-NOTLTSNYEL-NI - L83 L-MI3HY NAA3T)
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CCCCCTIN NMNLEM)
CEEADUSSAN-HOMMA - XY LINAS 2N,
HHIND-9EEH-STEATTUNY-XOLNAS-NMOMLAN BLEE)
(TEADVES AW - HOMEI-XYINAS-H7INH
AQVGSIU-NOUNT- XY LNAS-NYOMLAN BLES) 1)
CCCCL NYNLEM)
CHHOM LN~ AT 93N -IH L~ LNTMA )
CINAWIDY 1A -TOAHAS - MM L~ LR LS -9 TA-MTY43N) 1)
CCL NHNLEMD
CNMOMLAN-TZI TV LAY~ EAH L~ INTYA)
(NOTLHASNT -TTOIIHAS~NVHL - LW LS -YIA-HTIV434)
CCIG07T (EANAHOIS-XVINAG-3TNE-4dHIL ¥V]D) "vnba)
(NIM (ELNANOAE~XPANAS - TNM-dHAL MDY WND:a)
CAHOMLEAN (EANAHO G- XVINAS-3TM-dWAL MYD) D0SE5Y)Y H0)) dNOD)
(T (ELNIHOAGE-XVINAS-FINH-4HEL HLONIT) WNN3A))
CCTIN NMNLEY)
COEADVEEAH-MOMMI - XY ANAS~3TINY,
ATODI-DHEH-STESATUNY - XY LNAS-NHOMLIN ©138)
(OL£AOVSEIN-MOMYT-XVINAS-FTINY
AOVSHAU-HMOHY - XV INAS-MUNOMLAN DLAS)
(EAINAWOAG - XY LNAGS AT = AWEAL "1 )
CCELNGHAIG-XVEINAGS-ATINY LETT-NI-ONTLSAN-AA0NAM)

£ININODAG-XYLNAS-3TINY-4dKWIL DLAG)

aIM0d)

(CLNAWOIAG-XVINAG--ATINMY~4WEL) O0Md)
O LSTT-NI-TOIHAS-NUML-FLVLIS-ANIWYXE NOADT)

CCCCCCOOCTIIN NYMNLAM)
(£3996GAU-NOMM - XY LINAS -,

AUOI-DGEU-GTEATUNY =XV LNAG-MHOMLAN DLES)
CLAPGSH AN -HONUA-XYLNAG-T71NM
FOVEGAN-MOHIA-XYLNAG-NMOMLAN D13S) 1)
COL NMNLEAN)

CL, CLNDROAS - XV LINAG =270 WNDAY ) OHODDY L)
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(OO HuNLEM)
CHMOMLAN - 3R IV -THL - ANTMD)

CLNAHADVTAIN -"TOIHAS - NN L-J LY LS -9 Ta~-HIvd43M) L)
(L NNNLAM)

CHMOMLAN -3 TV A AN~ AH L~ LNT M)
CNOTLABSNT-"T0HHAG-NYML- 3LV LE-VIN-UTW3Y)
CCAS0TT LLNAND G- XQANAG-3TI0 IVRDE)D
(NIM €LHANDAG XY LHAS AW "Tenn:a)
CMMDMLAN £ANIHDAG-XVANAG-ITINY D08EVY N0)) dINOD) L)
CCL NMNLEM)
£LNAHODAG - XY LNAG -0 TONHE)Y Y ONGD)

¢y 90Md4)

CTBIWAS-NO L LT SNYML T4V LS

O

TOHRAS-NUM LAV LG - AT -HOLV-ANTHYXE NOETD
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(¢
COCONMTHAS-NUML-FUWLE-dT~-HOLY--ANTHYXE) NMNL3M) L)
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APPENDIX C

THE AUGNMENTED TRANSITION NETWORK (ATN)
COMPILER
COMPONENT DESCRIPTION

The following constitute the description of the routines

and the local data for the ATN Compiler.



ROUTINE: CADR

OBJECTIVE: CADR is routine that takes a list as its
argument and evaluates it according to the
following segquences CDR, CAR.

FUNCTIONS USEDs CAR, CDR

BOUND VARIABLEs Listl represents the list to be evaluated.

FREE VARIABLESs None

ROUTINE: CADDDR

OBJECTIVE: CADDDR is a routine that takes a list as its
argument and evaluates it according to the
following sequences CDR, CDR, CDR, CAR.

FUNCTIONS USEDs CAR, CDR

BOUND VARIABLE: Listl represents the list to be evaluated.

FREE VARIABLES: None

ROUTINE: CDDR

OBJECTIVEs CDDR is a routine that takes a 1list as its
argument and evaluates it according to the
following sequences CDR, CDR.

FUNCTION USED:s CDR

BOUND VARIABLE: Listl represents the list to be evaluated.

FREE VARIABLESs: None




ROUTINEs CDDDDR

OBJECTIVEs CDDDDR is a routine that takes a list as its
argument and evaluates it according to the
following sequences CDR, CDR, CDR, CDR.

FUNCTION USEDs CDR

BOUND VARIABLEs Listl represents the 1list to be evaluated.

FREE VARIABLES: None

C-2



ROUTINEs GETF

OBJECTIVEs GETF is a routine that fetches the property
value of the property name FEATURES. The
classification type of a2 word appears on the
property list of the word under the property
name FEATURES.

FUNCTION USEDs GET

BOUND VARIABLEs The-Features represents the property value
of the property name FEATURES.

FREE VARIABLESs None

ROUTINEs INTERSECTION

OBJECTIVEs INTERSECTION accepts two lists and determines
a list containing only the elements that are in
both of the two lists.

FUNCTIONS USEDs COND, NULL, MEMBER, CAR, CONS, INTERSECTION,
CDR

BOUND VARIABLESs Listl represents a list of s-expressions.

List2 represents a list of s-expressions.

FREE VARIABLESs None

ROUTINE: TESTF

OBJECTIVE: TESTF returns T only if a given node has all of
the given features. TESTF can handle either a
single feature or a list of features.

FUNCTICNS USED:s COND, NULL, ATOM, SETQ, LIST, EQUAL, LzZNGTH,
INTERSECTION, GETF

BOUND VARIABLES: Node represents a word whose features are
to be examined.

Features represents the characteristics of
a’'given word.
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FREE VARIABLESs None

ROUTINEs PRINT-THE-PARENT-AND-THE-CHILDREN

OBJECTIVE: PRINT-THE-PARENT-AND-THE-CHILDREN outputs the
property value of the child and the property
value of the parent.

FUNCTIONS USEDs TERPRI, PRINgZ, XTAB, PRINT, GET

BOUND VARIABLES: None

FREE VARTIABRLESs The-Child, The-Parent

ROUTINE:s ATTACH

OBJECTIVE: ATTACH is a routine that connects nodes by way
of placing appropriate values on a property list.

FUNCTICNS USEDs PUTPROP, APPEND, GET, LIST, SETQ,
PRINT-THE-PARENT-AND-THE-CHILDREN

BOUND VARTABILES: The-Parent represents the atom name of
the property value The-Children and the
property name Children.

The-Child represents the atom name of the
property value The-Parent and the property
name Parent.

The-Children represents a list of property
values.

FREE VARIABLES: None
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ROUTINEs SELECT
OBJECTIVE: SELECT is a recursive routine that takes two lists
as arguments and returns the first thing in the
in the first list that is also in the second.
FUNCTIONS USEDs COND, NULL, MEMBER, CAR, SELECT
BOUND VARIABLES: S-exprl represents a symbolic expression.
S-expr2 represents a symbolic expression.

FREE VARTABLESs None

ROUTINEs GENNAME

OBJECTIVEs GENNAME is a routine that generates a unique new
atom each time it is evaluated. Vhen the value of
the argument of GENNAME is, say, Parse-Noun-Group,
then the new atom is of the form Parse-Noun-Group-n
where the number n increases by one each time the
function is used with Parse-Noun-Group zs the
value of its argument. GENNAME is not a standard
LISP function, however, it is defined using the
LISP functicns IMPLODE, EXPLODE, and GENSYM.

FUNCTICNS USED:s IMPLODE, APPEND, EXPLODE, CDDDDR, GEZENSYM

BOUND VARIABLEs: Name represents the atom to be comnected
into a unique new atom.

FREE VARIABLESs None

ROUTINEs PRINT-THE-REGISTER-AND-THE-VALUE-CF-THIS-NODE

OBJECTIVEs PRINT-THE-REGISTER-AND-THE-VALUE-OF-THIS-NODE
outputs the register name and its corresponding
content with respect to an Augmented Transition
Network node.

FUNCTIONS USED: PRINg, XTAB, PRINT

BOUND VARIABLESs None

FREE VARIABLES: Register, Value
c=5




ROUTINEs SETR

OBJECTIVEs SETR is a routine that places the value of a node
into a register. It is accomplished by placing the
property value of an atom name into a property
name. SETR uses This-Node as a free variable.

FUNCTION USEDs PUTPROP, PRINT-THE-REGISTER-AND-~-THE-VALUE-OF-
THIS-NODE

BOUND VARIABLE: Register represents a property name.

Value represents a property value.

FREE VARIABLEs This-Node

ROUTINEs GETR

OBJECTIVEs GETR is a routine that retrieves the value of a
node from a register. It is accomplished by
fetching the property value from its property
name.

FUNCTION USEDs GET

BOUND VARIABLEs Register represents a property name

FREE VARIABLE: This-Node

ROUTINEs: ADDR

OBJECTIVE: ADDR is a routine that uses SETR and GETR tc add
a2 new element to a register.

FUNCTIONS USEDs SETR, CONS, GEIR

BOUND VARIABLES: Reglster represents a property name.
Value represents a property value.

FREE VARIABLESs None
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ROUTINEs COMPILE

OBJECTIVE: COMPILE is a MACRC routine that represents the
Augmented Transition Network (ATN) compiler
function.

FUNCTIONS USEDs

BOUND VARIABLES:

FREE VARIABLES:

SETQ, CADR, CDDR, SUBST, EVAL, CONS, MAPCAR,
APPENDY, LIST, PRINT,. TERPRI, SP, RETURN

Description represents the ATN description
to be compiled.

Name represents either Parse-Word, Parse-
Noun-Group, or Parse-Clause.

Body represents the ATN description minus
the ATN name.

Program represents the compiled ATN descrip-
tion.

Beginning represents the initial block of
the compiled ATN description.

Middle represents the middle block of the
compiled ATN description.

End represents the terminal block of the
compiled ATN description.

The-Compiled-ATN represents the function
definition bearing the compiled ATN
description.

None

c-7



ROUTINE: COMPILE-PARSE-~WORD

OBJECTIVE: COMPILE-PARSE-WORD is a routine that contains the
ATN description Parse-Word. It invokes the MACRO
routine COMPILE in order to translate the ATN
description into a form that LISP understands
directly.

FUNCTION USEDs COMPILE

BOUND VARIABLES: None

FREE VARIABLES: None

ROUTINE: COMPILE-PARSE-NOUN-GROUP

OBJECTIVE: COMPILE-PARSE-NOUN-GROUP is a routine that contains
the ATN description Parse-Noun-Group. It invokes
the MACRO routine COMPILE in order to translate

the ATN description into a form that LISP
understands directly.

FUNCTION USED: COMPILE
BOUND VARIABLES: None
FREE VARIABILES: None

RCUTINE: COMPILE-PARSE-CLAUSE

OBJECTIVEs COMPILE-PARSE-CLAUSE is a routine that contains
the ATN description Parse-Clause. It invokes the
MACRO routine COMPILE in order to translate the
ATN description into a ferm that LISP understands
directly.

FUNCTION USED:s COMPILE

BOUND VARIABLESs None
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ROUTINEs IDENTIFY

OBJECTIVE: IDENTIFY is the main routine called by the user
to execute the ATN Compiler and the ATN Interpreter.
It contains a dictionary where English words are
listed alphabetically and each property of each
word is defined. The routine IDENTIFY states the
English Clause to be parsed by the ATN Interpreter.

FUNCTIONS USED: SETQ, DEFPROP, COMPILE-PARSE-WORD,
COMPILE-PARSE-NOUN-GROUP, COMPILE-PARSE-CLAUSE,
PRINT, TERPRI, PARSE-CLAUSE

BOUND VARTIABLES: Remaining-Words represents a 1list of words
remaining to be analyzed.

Current-Word represents the current word
which is being analyzed.

Last-Parsed represents the word most recently
parsed.

English-Clause represents the English clause
to be parsed by the ATN Interpreter.

FREE VARIABLES: None




APPENDIX D

THE AUGMENTED TRANSITION NETWORK (ATN)

COMPILER SOURCE CODE

The following is the LISP source code for the ATN Compiler

to translate an ATN description.
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ABSTRACT

This report serves as documentation of a project which
implements in LISP an Interpreter and a Compiler for Augmented
Transition Networks (ATN) based on Chapters 19 and 20 of the
book entitled "LISP", authored by Patrick Henry Winston and
Berthold Klaus Paul Horn. The ATN Syntax Analyzer has been
designed and implemented as an auxiliary feature to the ATN
Interpreter. ATN Syntax Error Recovery routines have been
included to test subsequent ATN syntax errors and possibly
make syntax corrections in order to save the entire ATN.

Chapter 19 of "LISP", entitled "Interpreting Augmented
Transition Networks", examines an Interpreter for ATN descrip-
tions to parse certain English sentences. The implementation
of an ATN Interpreter involves auxiliary functions to capture
the idea of ATN node traversal in order to recognize word
classes of an English sentence. Registers which are represen-
ted as properties of the corresponding node are responsible
for taking notes of ATN descriptions and referring to them
later.

The ATN Interpreter has demonstrated that ATNs certainly
capture aspects of English Syntax. LISP has made the unders-
tanding of ATNs an easy process. Lastly, registers have
added power to ATN descriptions.

The ATN Syntax Analyzer, attached to the ATN Interpreter,

consists of a hierarchy of routines to facilitate a systematic



way of investigating syntax errors. A significant operation
which is Error Recovery has been included so that subsequent
syntax errors can be identified and that the ATN need not be
discarded immediately. The ATN Syntax Analyzer's Error
Recovery System may, for instance, decide to insert missing
ATN syntactic components or to replace invalid ATN syntactic
components with the proper ATN syntactic components. The
methods of properly identifying, diagnosing, and possibly
correcting any ATN syntax errors are accomplished by the
availability of layers of Error Recovery routines. 1In

that sense, the ATN Syntax Analyzer supports abstraction and
hierarchical structuring of the routines very systematically.

Chapter 20 of "LISP", entitled "Compiling Augmented Tran-
sition Networks", examines a Compiler for ATNs. The ATN
Compiler translates source-language descriptions into
descriptions that LISP understands directly by ripping apart
a transition-specifying parcel and reassembling it into a
COND clause. Several clauses for each ATN node are amalgamated
into a single COND structure where CARs, CDRs, CONS, and
APPENDs abound.

Compiling is a symbol-manipulating task and in that
respect, LISP has proven to be eminently suited. The ATN
Compiler complements the ATN Interpreter since it has made
the ATN description more readable to readers who are well-

acquainted with LISP.



