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Programmed in FORTRAN V on a Univac 1108, the system generates 2100 word
murder mystery stories, complete with semantic deep structure, in less than 19 seconds.

The techniques draw upon the state of the art in linguistics, compiler theory,
and micro-simulation. The plot and detailed development of events in the narrative
are generated by a micro-simulation model written in a specially created, compiler-
driven simulation language. The rules of a simulation model are stochastic (with
controllable degrees of randomness) and govern the behavior of individual characters
and events in the modelled universe of the story. This universe is represented in
the form of a semantic deep structure encoded in the form of a network--a directed
graph with labelled edges, where the nodes are semantic objects, and where the
labelled edges are relations uniting those objects. The simulation model rules
implement changing events in the story by aitering the semantic network. Compiler
or translator-like production rules are used to generate English narrative discourse
from the semantic deep structure network (the output might be in any language).

The flow of the narrative is derived from reports on the changing state of the
model led universe as affected by the simulation rules.

Nodes of the semantic network may be atoms, classes, or compiex predicates
that represent entire subportions of the network. Atom nodes and relations are
1inked to expression lists that may contain lexical stems or roots that are available
for insertion into trees during the generation process. (Low level transformations
convert the roots into appropriately inflected or derived forms. High level
transformations mark the tree for application of the low level ones.) These
expression lists may also contain semantic network expressions consisting of objects
and relations which may themselves be linked to expression lists, thereby providing
the generator with recursive expository power, An atom node may also function as
a complex predicate node with status that may vary during a simulation.

Class nodes may refer to lists of object nodes, and the complex-predicate
nodes can be linked to pointers to sub-portions of the network that includes themselves,
allowing them to be recursively self-referential. (This would permit generation
of sentences such as '"'| know that | know that - (sentence)'" ).

We are also testing a natural-language meta-compiling capability-~the use
of the semantic network to generate productions in the simulation language itself
that may themselves be compiled as new rules during the flow of the simulation.
Such a feature will permit one character to transmit new rules of behavior to another
character through conversation, or permit a character to develop new behavior
patterns as a function of his experiences during the course of a simulation. This
feature, combined with the complex-predicate nodes helps to give the system the
logical power of at least the 2nd order predicate calculus,

Theoretical motivations include an interest in modelling generative-semantic
linguistic theories, including case grammar and presuppositional formulations.
The dynamic time dimension added to the semantic deep structure by the simulation
makes it possible to formulate more powerful versions of such theories than now exist.
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1.0 Introduction

The novel writer described herein is part of an automated linguistic tool
so powerful and of such methodological significance that we are compellied to
claim a major breakthrough in linguistic and computational linguistic research,
What is emerging is a system for modelling human linguistic and social behavior
through time, including the transmission of language and complex patterns of
social behavior across generations, through the mediation of language, and
according to the dictates of any generative semantic linguistic theory currently
in existence, including the case grammar of Fillmore, the presuppositional model
of Lakoff, and the 1972 semantic theory of Katz, as well as theories of far
greater power than any heretofor suggested.

The key components are a compiler driven simulation language system that
manipulates events in the form of a semantic deep structure network notation,
and which has the power of at least the 2nd order predicate calculus, and a
linguistic generative system that can map the semantic deep structure notation
into any natural language using grammars within the framework of a variety of
linguistic theories, and which can also generate productions in the language of

the simulation system itself, providing a natural language meta-compiler capability.

* Portions of this research were sponsored by Mational Science Foundation Grant
No. GS-2595, and by the Wisconsin Alumni Research Foundation




2,

The novel wrfter described here is a particufar application and testing
of the more general system in progress. While the computer generated stories
contained in the appendix are in English, they might as easily have been produced
in any natural langua§e without alteration of the simulation rules or the
semantic deep structure. The simulation system that generated the plot can
be used to generate any kind of human behavior, within any time scale, with
any level of detail, and all within the framework of any ;heoretical model of
behavior that a researcher may care to formulate.

For the novel writer, the simulation language was used to describe the
potential behavior of a set of characters in a partially random set of situations.
The deterministic aspects guarantee a murder story within the context of a
weekend houseparty, arising from possible motives of greed, anger, jealousy
or fear. The particular murderer and victim may vary with the random number
source and with the particular specification of character traits prior to the
generation. The motives for murder arise as a function of events during the
course of the generation of the story.

The rules of the Simulation model are stochastic, with controllable degrees
of randomness, and govern the behavior of individual characters in‘the modelled
universe of the story. This universe is represented in the form of a semantic
deep structure that is encoded in the form of a network, a directed graph .with
labelled edges, where the nodes are semantic'objects and where the labelled
edges are relatiogs uniting those objects.

The simulation rules alter évents in the universe as a function of the
passage of time. As the simulation progresses, the newly created events serve
as the semantic deep structure input to a generative device that uses compiler
or translator like rules to generate discourse in the selected natural language.
The flow of the narrative is derived from successive reports on the changing

state of the modelled universe.



Much of the semantic, behavioral and presuppositional information can be
incorporated in the behavioral simulation rules as well as in the semantic
deep structure network., The rules and the deep structure are intimately
related in a number of ways. As indicated, the rules can alter the universe,
and yet the rules themselves can be represented in the semantic dgep struéture;
and the rules can be used to generate sentences in the simulation language itself,
thus permitting the modification of old behavior patterns or the creation of new ones.
The ability to partition the semantic deep structure into static and dynamic
components, coupled with the hiéher order predicate calculus power permits the
formulation of behavioral lingdistic theories and models more powerful than any
currently in existence.

in the balance of this paper we shall briefly cite relevant literature
and then proceed to a discussion of the system in its novel writing aspect.
The appendix. includes a complete listing of the simulation language program that
generated our several 'novels', and a sample story, length 2100 words, produced
by the program complete with semantic deep structure and English text. We also
include interesting passages from three other versions of the murder mystery
derived from the same basic simulation program.

We note here that the novel writing system, which is operational on a
Univac 1108 computer, uses approximately 75,000 words of storage space, of
which 35,000 is required for the control mechanisms of the simulation system,
20,000 for the simulation language compiler and 20,000 for the discourse generation
component. Approximately 50% of this space is used for data structures, The program
generates 2100 word stories, complete with semantic deep structure descriptions

as well as text, in less than 19 seconds. The system is programmed in FORTRAN V.




2.0 Historical Background and Related Research

The direct antecedents of this research arise from a three-fold base:
our work on dependency approximation to semantic networks in discourse
generation and inference making, Klein & Simmons, 1963, Klein 1965a & b,
Klein et al, 1966; our work on automatic grammatical inference, klein. 1967,
Klein et al, 1967, 1968, Klein & Kuppin, 1970, Klein & Dennison, 1971, Klein, 1973;
and our research on computer simulation of group language behavior integrating
all the above topics, Klein, 1965¢c,1966, Klein et al, 1969, and Klein, 1972,
The first publication on our simulation language in conjection with a story
producting discourse generator is described in Kiein et al, 1971,
Other work involving automated semantic networks includes that of Quillian, 1966,
Schank 1969, 1972, Schank & Rieger, 1973, Mel'chuk, 1970,1972( the list Is non-exhaustive).
Work involving variants of the Ist order predicate calculus as part of
the semantic base component in natural language generative models includes,
McCawley, 1968, Bach & Harms, 1968, Lakoff, 1969, Green & Raphael, 1968,
Coles, 1968, & Petbfi, 1973 (the list is not exhaustive).
Work involving natural language compiling into semantic representations,
inference languages or simulation languages includes (in addition to our own)
Kellogg, 1968, Heidorn, 1972, Simmons (in preparation), as well as Green & Raphael,

ibid and Coles, ibid (again the list is not exhaustive).

3.0 Semantic Network & Discourse Generation System

The following explication is quoted from Klein, 1973, pp.3-11:



Semantic Network

_The semantic network consists of objects and relations Hnidng those objects.
The object nodes and relations have no names in themselves, only numbers.
But they are linked to lexical expression lists that contaln lexical varliants
as well as other expression forms. In examples of semantic network representations
of deep structures bracketed lexical Items selected from the assoclated lexlcal
Tists are provided with tﬁe objects and relations for convenience In reading.
As an example consider the discourse:
“"The man in the park broke the window with a hammer,"
"John knows that.'!
The deep structure network representation might resemble:
(‘)(man)-—R(break;-l)-O(window)
RUn)‘ éwlﬂﬂ

! {
0(park) 0(hammer)




(where the -! represents a Time earlier than present)

But the actual representation of the semantic deep structure is more
subtle and has properties not obvious in this example iliustration., The
network is actually composed of semantic triples, A semantfc triple can
consist or any sequence of 2 or 3 objects and relations, éVery object
in the system has a unique number or address. Every triple in the system
also has a unique number and is also associated with its time of creation.

The network is actually stored in the form of a hash table, wherein the
actual semantic network is implied and computable rather than overtly listed.
The time of creation of each triple makes the application of tense transformations
easy: the simulation system maintains a clock representing 'now'. Accordingly
the relative time sequence among deep structure triples is readily computable,
and serves as data for generation of surface structure expression of tense, etc.
The actual representation of this sentence is closer to:
1. O(man)- Ribreak,-time) - O(vindow)

Rpreak,~time)- Rith)~ 0(hammer)
2. O(man) =R{in) -0{park)
where the second triple in l.is not actually listed separately; multi-place
predicates are inddxable through the primary triple.

it is worth repeating that the objects and relations are actually numbered
locations with links to other objects and relatlions. They contain no associated
content expression form other than what appears on their lexical expression ilsts
that are also linked to them. However, a lexical expression list may contaln
other data than just pointers tolexical stems In a dictionary, These |tems
Include semantic triples that are not In the network{for expression of I{domatlc

type structures) and pointers to triples that are In the network.




The objects and relations in these triples have thelr own links to thelr

own lexical expression lists. The lexical expression llét'of an objsct
or a relation may contain pointers to triples in the network that include
triples of which it Is a member.

Consider now the second sentence of the sample discou&se:
""John knows that!! |
encoded in the semantic network as,
3. 0(bhn)~ R{know)- 0(that)
The O(that) is a complex predicate object. Its lexical expression list
contains pointers to semantic triples | and 2. The representation could be
self-referential; If the lexical expression list of O(that) contained a pointer to
triple 3,the network would represent a message approximating:
"John knows that he knows that the man in the park broke the window
with a hammer,"

This feature helps to qgive the system the logical power of the 2nd order

predicate calculus (at least). Compiex logical predications are represented

with such predicate nodes linked by logical connective relations. Thus

the statement , If A then B, where A and B are complex bodies of semantic

discourse representing large portions of the semantic network, is represented

simply as,  0(A)- R(implication)= 0(B), where 0(A) and 0(B) cach point to

lists of semantic triples that may also be of the same time--predications

linking predicate objects that have pointers to triples on their lists,

(Always these llsts may contaln self-referential pointers--serving to Justlfy

the claim that the system has the power of at least the 2nd order predicate calculus.)
(0ther logical devices Involving classes of objects and quantifiers are assoclated

with the simulatbn language manipulates and modfles the semantic network)




A final schematic of the relevant data structures:

Semantic lexical Expresslion List

60—~ triple pointers ——

network

triples

S

lexical indices —_--
| T:t:::::::\\\\ lexical dictionary

Generative Rules: surface structure // semantic network

The phrase structure rules in the system are part of more complex rules
that compile the semantic deep structure network from 'surface structure--
and which also serve the function of generating surface structure from the
network, The general form of such a rule is:

phrase structure rule // canonical form of semantic triple
where the phrase structure rules are of the usual sort, where linked mappings
between nodes in the right half of the phrase structure rules and elements
In the network specification are indicated. Strictly speaking the network
specification need not be limlted just to a semantic triple, as will be scen

In the section on Inference of rules. Some examples of rules:

g“"“‘—’v f ‘ —
- > - - H S
SYNP VP // PR NPP=p adj NPP // 0 -Rfattribute)- 0
VeV NP // R - O
L
Note that 1tems may occur on elther side of the // marks that arc not }inked
to items on the opposite side,
Full comprehension of these rules can best be obtalned through an cxample

of generation of surface structure from deep structure, Generalized mechanisms



for context sensitive rules and transformations are part of the model.

But they are of a type more basic and primitive than In most exisiting
v

linguistic generative models., They can represent more complex types of

transformations when properly combined,

A Generation Example

Assume a grammar contalning the following surface//semantic rules:

Fm—— yrm————t
I - S . -
1. 5= I\iP VP //9 R 7. VPP V NtP // R 0
2. NP+ NP PP // 0 - R 8. VPP terminal
. L |
3. NP- Det NPP // © 9. V=~ terminal
g me——y e T——
L, NPP+ adj NPP // 0 - R - 0 10. PP> prep NP // R - O .
v $ | A ]
5. NPP> terminal 11, prep= terminal
6. VP> VPP PP // R - R
[ URORPE— |

Assume that the semantic deep structure triple set to be used in the generation
is: Oan)- R{ride) ~0(icycle)

R(ride)- R(in) - 0(park)

O(man)- R(is)- O(tall)
The overlap of various objects and relations in more than one triple is known
to the generator by various link markings. The time associated with each
triple is also part of the data, A starting symbol S is selected. A prior
selective mechanism has placed the triple representing the main predication
of the sentenceat the top of the triple list., The generative component inspccts
all § rules whose right hand network description Is of the same canonical form
as that of the first semantic triple. Here the condition is not satisfied by
the only S rule, 1. The triple is then broken Into two overlapping parts,
0(man) - R{ride) and R(ride) - O(bicycic). The S rules are then Inspected

for matches with the fractionad canonical forms. The first matches rule 1,
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At this point lexical stems are selected from the lexical expression lists
assoclated with the objects and relations in the matched triple fraction.
A selected lexical item is tenatively assigned to the node indicated by the
1ink In the syntactic//semantic rule. Grammatical information associated
with the lexical item in the dictionary indicates whether or not it can

serve as the head of a construction dominated by the node under which it

was selected. In this case:
/S‘ Lexical Dictionar
NP VP Lexical Sectionaly
n  flde, NP VP PP ADJ
man 1 1 0 1
ride 1 1 0 0 v

A bit vector in the dictionary indicates the applicability of a particular

node, Note that both _man and ride could serve as nouns or verbs,

The grammar also marks the forms when appropriate for application of low level
transformations at a later stage. If man were selected as a stem to

fill a slot defined by an adjective node, ADJ, it would at this time be marked for
later application of a transformation that would add =ly to it. If the

lexical dictionary should prevent the selection of a form, an alternate from

the lexical expression list is tried, If none on the list are acceptable,
another surface//semantlc rule is selected to express the semantic triple.
Number for objects Is indicated directly in the lexical expression list associated
with the particular object (some obﬂje.cAts may be inherently plural, as In the case
of objects thaf represent classes).‘r:'Aslﬁs.oon as the lexical ltems are selected
and accepted (the stage in the preceebt[ng diagram), a test for applicability of

‘& high level transformation is made.~ ~ This transformation uses as fts

index Information that never becomes more complex. than the subtree indicated
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in the above dlagram~--''a nuclear family tree''- a parent node and its jmmediate

descendents. Often, as in this case, the lexical items are not relevant

to the transformation, that here marks the VP.with the same number as %the NP.

.’/’//‘S'\\‘\\
NP VP
man ride
sqg, pres, S9d.

Low level transformations that operate only on terminals and their inmediate parent
nodes will actually convert the stems to the appropriate words at the end of
the generation process, The transformation markings supplied by the high level
transformations are carried with the lexical items and may serve as part of
the data for defining the applicability of other high level transformations.
This breaking up of the transformational component inFo two types of limited
environment primitive operations permits extremely rapid *transformational
generation and parsing algorithms. the complex labor of searching for
applicable environments common to most other automated transformatlonal systems
is avolded,

Tense Information is obtained from the time marking of the triple.
The simulation system maintains a clock, and the relative time order of
the triples fn the deep structure generation 1lst can be computed, sou that
the proper ltems may be marked for application of transformatlions handling

tense,

Continuing the generation process, the system saves the remainder of the
first triple and skips to the second because of a speclal link between their
relations indicating simultaneity. No VP rule matches the sccond triple, and
it ls spf!t Into the fractions R{ride) - R(in) and R{in) - R{park)., The first

fraction matches rule 6. After lexlcal Item in Is selected, the tree appcars as:




— S -

NP VP .

man ride -

sg pres. sg. ™~

~

VPP PP .
ride In v
pres. sg.

The second triple fraction matches rule 10, yielding after [excal selection:
- !

prep NP
In park
sg.

At this point, the second fraction of the first triple is matched against rule 7,

and, after lexical selection, the entire tree appears as:

//‘ S \\\_\~\ .
NP — VP
man /////////rldz\\\\\\\\\
sg. pres. sg.
VPP PP
ridé\\\\\\\\ //ln\\\\\
pres. sg.
v NP prep NP
ride bicycle In park
pres. sg. sg. sg.

No rule matches the remaining triple Ofwen) - R(Is) - 0{tall)., Pule 2 matches

the first fraction, but the lexical list for the relation R{Is) contains no item
acceptable as a PP node descendant, Accordingly, rule 3 is selected. At this
point a high level transformation marks the Det for conversion to an appropriate
form at the final stage. (If the lexical ftem had been a proper noun, the Det
node would have been marked for deletion,)

At this point rule 4 applies to the entire, unfractionallized, remalning

triple, yielding the subtree:

NP
,,/»””yzlﬂman T

b T Npp

et $g. -~
/,/’// man \\\\\\\
ad] sg. N
tall man

5g.



At this point rule 3 is applied to the NP nodes dominating bicvcle and park.

The resultant tree is:

Det sg. NPP, VPP. pres. sg. PP
7 man N\ /rlde\ 7 in N
v

adj s9 N Pres. $9. NP s prep NP
tall man ride - bicycle * In park
59 pres. sg.  pet 59+ RPP. Det SS9+  NPP
bicycle ark
sg. EN

The final, low level transformations are applied, yielding the sentence:

"The tall man rides the bicycle in the park'

Mote that the semantic triple set might have generated more than one sentence

-
to express the content--either by deliberate stylistic design, or because the
rules might not have permitted a grammatically correct construction incorporating

the entire semantic structure.
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In addition to the features described in the preceeding quoted excerpt,
we note that the current system makes use of production rules that refer to
subclasses of relations., While such subclassification is not logically
necessary for the mapping of semantic triples into surface structure, it does
increase the speed of generation through the elimination of wasted effort
in matching semantic triples with inappropriate rules. In the novel writer
data base, for example, there are categorizations of relations into prepositional
and non-prepositional types (among others) and a coding logic that permits a
retreat to a more general categorization upon failure to find a match in the
grammar for a particular subcategory.

There are also relations having a numeric logical typing. Such a relation
may be used to select a lexical expression item as a function of its current -
numeric value. For example a numeric relation signifying ''affection'' may vary
on a scale of plus or minus 3, where plus 3 might be linked to the lexical item
""adore'' and minus 3 to the item ''loathe''. In between values link to less extreme
terms, The value of such a relation can change dynamically in a simulation as
a function of events--accordingly, the appropriate lexical expression of the
changing relation follows automatically.

Other features include the listing on generation or change stack of
deleted triples and the possibility of marking the lexical expression list
pointers with plural transformation markers. This last feature is for semantic
nodes whose logical status is always plural, such as nodes that represent classes
and whose lexical expression lists only contain pointers to terms descriptive of
the entire class. (The dictionary only contains singular stems--hence the pointers

to the dictionary connected to such nodes must receive prior plural marking.)
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L,0 Highlights of the Simulation Lanquage

A detailed description of an early version of the simulation language
is contained in Klein, Oakley, Suurballe & Ziesemer, 1971. The basic function
of the simulation component is to modify the semantic deep structure network as
a function of stochastic behavioral rules that are evaluated in reference to
an internal timekeeping mechanism.

A rule consists of two parts, a series of actions and a series of conditions
for the implementation of those actions. The conditions are in the form of
logical queries about the current state of the modelled universe as represented
in the semantic network, Satisfaction or non-satisfaction of the various
conditions contribute, either negatively or positively, to a cumulative probability
of implementing the action list. A random number source is consulted after the-
conditions have been evaluated. If the proferred random number is less than
or equal to the computed cumulative probability, the action list is implemented.
The process can be made deterministic or random with any desired degree of control.
through manipulation of the probability parameters. Deterministic control is
obtained by assigning very high values, such as plus or minus 10,to certain
conditions because the range of the random number source is 0 to 1 (a value
of 1 or greater indicates certainty and a value 0 or less is absolute rejection).

An internal clock mechanism determines the time of evaluation of groups of
rules. Each group has a frequency of evaluation associated with it, and this
frequency may be altered by action of some other rule. It may be increased or
decreased or, in fact, temporarily or permanently turned off or disabled.

A disabled rule may be reactivated.

There is also a directed sequence of evaluation through groups of rules

in addition to the frequency factor. This sequence may be altered dynamically

as a function of the actions of various rules.
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The language also permits the use of classes of nodes in its actions and
tests, and can also allow variables over those classes, as well as dynamic
modification of class membership. There are both subscripted and unsubscripted
classes and the subscripted class notation permits a class intersection logic
in rules with class variables. For example, a subscripted class FRIENDS( X ),
where X is a node name or another class name, can function as part of a logical
construct in rule condition evaluation expression or action lists,

We present next a grammar of the rules in BNF phrase structure notation,

a description of the action types, and a series of examples and notes.
The material should help the reader follow the murder mystery simulation

program in the appendix, Section 8.6 .
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GRAMMAR OF THE RULES

<single-valued field> ::= <node name> | <locop-variable name>
<multiple-valued field> ::= <subrule-variable name> | <general class reference>
| PICK ( <multiple-valued field> )
<specific class reference> ::= <unsubscripted-class name>
| <subscripted-class name> ( <single-valued field> )
<general class reference> ::= <specific class reference>

| <subscripted-class name> ( <multiple-viaued field> )

<general node field> ::= <single-valued field> | <multiple-valued field>
<unary op> ::= NOT | FLOAT | ABS | ENTIER | - | +
<binary op> ::= ¥ | % | /| MOD | + | - | EQ | NE | LT | LE | GT | GE
| AND | OR
<LENGTH function> ::= LENGTH ( <multiple-valued field> )
<CLOCK function> ::= CLOCK -
<relation DUR function> ::= DUR ( <relation name> )
<subrule DUR function> ::= DUR ( <general node field> <relation name>

<general node field> )

<constant> ::= <number> | <duration>

<relation field operand> ::= <relation name> | <LENGTH function>
| <CLOCK function> | <relation DUR function>
| <constant>
<relation field subfactor> ::= <relation field operand>
| ( <relation field expression> )
<relation field factor> ::= <relation field subfactor>
| <unary op> <relation field factor>
<relation field expression> ::= <relation field factor>

[ <relation field expression> <binary op> <relation field expression>
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<subrule=-variable definition> ::= <subrule-variable name> <multiple-valued field>
<sentence node field> ::= <general node field> | <subrule-variable definition>
<sentence> ::= ( <sentence node field> <relation field expression>

<sentence node field> )

<subrule operand> ::= <sentence> | <LENGTH function> | <CLOCK function>

<subrule DUR function> | <constant>

<subrule subfactor> ::= <subrule operand> | ( <subrule expression>)
<subrule factor> ::= <subrule subfactor> | <unary op> <subrule factor>
<subrule expression> ::= <subrule factor>

I <subrule expression> <binary op> <subrule expression>

<option field> ::= <empty> | , <option characters>

<option characters> ::= {zero or more option characters}

<true-false number field> ::= <empty> | <number> , <number> -
<subrule action field> ::= <empty> |: <action list>
<subrule> ::= <frue-false number field> <option fielid> :

<subrule expression> <subrule action field>

<subrule list> ::= <empty> | <subrule |ist> <subrule>



DESCRIPTION OF ACTIONS

{. ACTIONS affecting the nefwork
i-1. Set friples in the nefwork
where friple: OBJECT(O) RELATIONSHIP(R) OBJECT(O)

Forms: A. 0 R O
B. 0 R=XDO0
cC. 0 R
D. 0 R=X

FORM OF TRIPLE DEPENDS ON RELATIONSHIP TYPE:
A. is transitive or infransitive relation, B. is numeric or
quantitative intransitive, C. is attribute relation, D. is

quantitative attribute relation or numeric attribute relation

(-2, To delete triples in the network
Form: 0O 'NOT' R (0O)

-3, To modify numeric relationships in the network

Form: O R+ X (0)

|-4. To set secondary triples in the network
¥INSERT (TRIPLE) (SECONDARY TRIPLE) .....
Secondary triples are modifiers of primary triples and are
transparent fo the network, being accessable only through the
primary triple which it modifies. The form of a secondary
triple is arbitrary with the restriction that the second

argument is a relationship and the number of arguments < 3.

I-5. To delete secondary friples from the network
¥DELETE (TRIPLE) (SECONDARY TRIPLE)

NOTE: replace all references to <NODE> by <GENERAL NODE FIELD>
I1. ACTIONS affecting classes

Il-1. To add nodes to a class
*¥ADD <NODE>'TO'<CLASS> : adds all members of <GENERAL
NODE FIELD> to <CLASS>
*¥MOVE <NODE>'TO'<CLASS> : the contents of <CLASS>
is replaced by <GENERAL NODE FIELD>
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{1-2, To remove nodes from a class
*¥REMOVE <NODE>'FROM'<CLASS>

[1-3., To remove all entries from a class
¥ERASE <class>

[1l. ACTIONS affecting lexical items

[11-1. To add lexical friples at run-time where the lexical friples
are arbitfrary combinations of 0's and R's < 3 entries.
¥LEXTRP (arbitrary triple)..... 'TO'<NODE>|<RELATION>

[11-2, To move lexical triples from one node or relation to another

at run time
*LLEXADD <NODE>!<RELATION>...'TO' <NODE>|<RELATION>

IV. ACTIONS affecting predicate nodes

IV=1. To insert pointers to network triples to the predicate list of
a node.
*DISCADD (triple)....'TO' <NODE>
this action will also create friples which do not already exist

in the network

tV-2. To clear the list of pointers fto network triples of a node

*¥DISCLEAR <NODE>

V. Actions fto control the scheduling of groups of rules
V-1. To activate a group
*ENABLE <GROUP NAME> [N <DURATION>
V-2. To de~activate a group
*DISABLE <GROUP NAME>

VI. Miscellaneous Actions
Vi-1, To print a list of all friples with a specified node as
the subject
*¥DUMP <NODE>
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To control the printing of ftrace messages in the

A. *TEST ABCDE = 1000
ABCD and E are optional frace types, the number to the
right of = is a maximum line count for the number of
Traces to be printed.

B. *TSTOP ABC
Turns off the traces specified.

C. *TSTART AB

Turns specified traces on or back on.

To print a message
*PRINT <PRINT ARGUMENT>

To terminate simulation
¥END
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BEXAMPLES AND NOTES

Assume in the following examples that the names below have these
associations:

Node names: JOHN MARY GEORGE SUE BEDROOM
Relation names: "(A): HAPPY SAD
{I): LIXKES LOVES 1IN HATES DISLIKES
(NI): AFFECTION
Class names: unsubscripted: PEOPLL ROOMS
subscripted: FRIENDS( )
ENEMIBS( )
ADJACENT( )
Loop-variable names: PERSON ROCM X ¥
Subrule-variable. names: P Q@ R

General notes:

(a) Input cards are read between colums 1 and 72; 73%-80 are ignored.

(b) Free format. Blankstan be uscd freely except in the followdng
cases., Blanks must not appear (1) withik numbers, durations, or
reserved words; (2) anywhere in an option field; (3) between
trace characters,

(¢) Names must start wth a letter, followed by letters or digits to a ny
length. However, only the first 8 characters are saved. Thus,
LOOPNAMEL and LOOPNAMEZ2 would be taken as the same variable by
the systen,

(d) Relations can be of the follawing types:

A: attribute (normal)

I: normal intransitive

T: tHransitive
NA: numeric attribute (with synonym list)
NI: numeric intransitive ( n
QA: gquantitative attribute (no synonym list)
QI: quantitative intransitive ( t )
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(1) <multiple-valued fisld>» : P
FRIENDS (GEORGE)
ADJACENT (ROOMS )
PICK(PEOPLE)
ENEMIZS (PICK(FRIENDS(Q)))
FEOPLE

The PICK function returns a single node, chosen randomly, from
its argument. Multivalued subscripts implics concatenation of
the specified subscripted classes.

(2) «specific class references : PEOPLL
FRIENDS (PERSON)
ADJACENT(BEDROOM)

(3) <general node fieldy : JOHN MARY PERSON
P PEOPLE ENEMIES(PICK(Q))
PICK(PEOPLE)

LDJIACEHT (ROOMS)

(4) < unary op> : The FLOAT cperator operates on arguments of type
logical, giving 1.0 for TRUE and 0.0 for FALSE.
The ENTIZR operator truncates the fractional part
of a number (eg, ENTIER(14.23)=1L4.0).

(5) «binary op3» : The symbols =, #, <, &=, >y >= can. he .
uscd as synonyms for the rcelational operators
EQ, NE, 1T, LE, GT, and GE.

(6) <« LENGTH function> : LENGTH(PEOPLE)
LENGTH(ADJACEZNT (ROOMS ) )

Returns a number cqual to the number of
nodes in its argument.

(77 <CLOCK function> : Returns a number which corrcesponds to the
time of day, ic from OHOM to 23H59M.

(8) <rclation DUR function : DUR(LIKES)
DUR(IN)
DUR(HAPPY)

This function occurs inside a sentence.

(5 DUR(R) O) returns a number equal to the
Jength of time this triple has besen in the network.
The relation name must be of a non-numeric rel-
ation, If the triple does not exist, a run~time
error is printed and 0.0 is returnecd,

(9) <¢subrule DUR function) : DUR(JOHN LIK.:S MiRY)
DUR(PERSON IN R)

Returns a number cqual to the length of time a
triple has been in the ncetwork. The relatien.
name must be non-numeric. While multiple-
valued fields are allowed in the syntax, they
wust contain. only a single value at execution
time of a DUR function, or else a run-time errar
will result., DNote that no subrule~variable
updating ever occurs in a subrulc DUR function.
If the specified triple is not in the network,
an cerror is printed out, and 0.0 is returned,
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(20) < relatdion field expression> :
LIXES
LIKES AND NQT (HATES O DISLIK.S)
DUR(LIKES) GT 1H OR DUR(LOVES) GT 30M
LENGTH(P) GT O AND DUR(LIKES)/1H*,001 LE DUR(LOVES)
ABS(;FFECTION*,003) + FLOAT(LIKES)/10.

Relation field exproession can be eitherof type
logical or type nwaeric. 4 relation name that is
numerdic or quantitative (ie, NAi, NI, QA, or QI)
is takcn as a numeric eperand. Other types (4,
I, or T) all arc assumed to be logical operands
(¢xcept within a DUR function). The type of the
relation cxpression determines what type of result
the enclosing sentence will return, either a log-
ical value or o numeric valuc. The cperators
have specified precedences not explicitly implied
in the grammar, and chccks are made for correct
operand typcs.

(11) ¢sentence : (PERSON LIKi@S CR LOVES P,PECPLE)
(JOHN AFFECTION MARY)
(X DUR(LIKES) Y)
(GEORGE DUR(LOVES)LT 1W SUE)
(FRIIDS(X) AFFECTION LT O Y)
(X HAPPY OR NOT SAD) -
(MARY HAPPY ATD LIKES JCHN)

411 thesc sentences rcturn a logical result except
the sccond and third ones. If the relation
expression in a csentence yields a numeric value,
the subjcct and object field's of the sentence

must bé singlc-valued, or elsc an error will
result.,

(12) <option field>: An optional ficld which specifies the options
to be in c¢ffcct. Currently uscd optiong are:

S Synchronous group flag. Uscd in the option field of
a $GROUP statement to flag a group as synchronous.
g,  HGROUP,S NswWS: 1H/ON; defines a group
which will be exccuted at hour intervals, on the hour.

0 Optimization flag. (Sentences with side effects
are not nccessarily exesuted in the subrules, depend-
ing on the results of previous logical results).

C Current cycle flag. Allows sentences to test ror
triples which have been set true during the current
time cycle. (Ctherwise these are not available till
a later time cycle, ie, they act as if they weren't
there during the same time cucle),

in option field specified on a %GROUP, $LOCP, $RULL, or
$SWITCH statement is in effcct for all subrules within

its scope, unless oxplicitly overridden by an option. fielad
at a lower level,
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(13) <subrule> :
2,0 (PERSON LIKES OR LOVES P,FEOPLE) AND (P IN ROOM);
-10,0,C: (X NOT IN HOUSE) OR (Y NOT IN HOUSE);

-e1,+.2: (P.PEOPLE LIKES X) AND (Y LIXES P):
*MOVE P TO TEMPCLS,
*ADD X TC TEMPCLS;

,0C: (X AFFECTION MARY)*O.1 + .2;
: CLOCK/24E + FLOAT(CLOCK LT SH);

Executian of a subrule returns a number (ie, probability) a nd
optionally specifies an action list to be unconditienally
eXecuted. Options in effect for this subrule are edither
explicitly stated, or are gotten from the last option field

in effect (eg, the enclesing $RULE). A "prabability" of

+10 or -~10 means 'abort the subrule list" and return either

a TRUE ar FALSE for the rule,

(14) «action list) : A list of one or more actions, separated by
commas. Actions can either add or delete triples from the
network, or perform a control action such as manipulating
classes, enabling or disabling groups, or specifying trace
or print parameters.

(15) <branch field? : RULEL
§NEXT PERSON
$NEXT X
$ENDGROUP

A statement label gives the statement to branch to. A.rule
can branch anywhere within a group, including out of a loop
into an outside loop, but not within a non-enclosing loop.

The $NEXT format says to get the next value for a loop
variable (cquivalent to flowing into an $ENDLCOP statement

for that loop)e A branch to $ENDGROUP tcrminatcs the
exccution of the group, though it docs ncot disable the

group (a *DISABLE action is the only thing which can do this).

(16) < $RULE statemcntd» :  Basic unit of thdlanguage. The cumulative
total of the subrule probabilities)is testcd against a randonm
number which is generated. If the random number (between O
and 1) is less than or c¢qual to the cuniulative total, the
rule evaluates TRUE, and the action list of the rule is
executed., If not, then it cvaluates to FALSE and no actions
in the rule's action list are executed. If a branch part
is specified, the TRUE or FALSE result also tells where to
branch to. Eg,

$RULE,C ABC: T({NEXT X) X LIKES Y, *ADD Y TO FRIENDS(X);
-.2,0: (X HATE3 Ok DISLIKES Y);
4,00 (P.FRIGNDS(X) LIKES ¥) AND (X LOVES P);
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(17) < $SWITCH statement> : This is exactly the sanc as a $RULE
statement except that an action list cannot be specified
in the main part of the statement (ie, subrule action lists
are still allowed). This statecment is used only for
branching purposes,

(18) <YLOOP statcment? : The specified loop variable will take on
all values in the associated multiple-valued field, onc
at a time. One pass through the loop is made for each
different valuc the loop variable takes on. Note that the
values in this nmultiple-valued field are saved on loop
entry, and even if the values of this field change during
the execution of the loop, this will have no effect on
the order or number of loop passes nade. Eg,

$LOOP,0C :  X.FRIENDS(Y);

(19) «statement list> : This is defined such that any $LOOP
statenent. must have a natching $ENDLOOP statement. Such
loops can be nested (currently to a maximum level of 10
only), and can contain other types of statements.

(20) < JGROUP line> : Identifies the start of a group, gives its
time increment, and specifics whether the group is enabled
initially or neot., The time increment of a group says hew
often that group will be cxecuted if it is enabled. The
"synchronous flag" on a group reguires cxecution of the
group only at cven multiples of the specified increment.

A group can disable or enable any other group, including
itself. A group cannot be executed if it is disabled.

(21) - Subrule~variables: These are local variables that can take on.
a list of wvalucs and got updated within a rule. Any subrule
variable defined inside a given rule is unknown. outside
that rule and therefore cannot be referenced. However, the
contents of a particular subrule can be saved in a class
by a control action in a subrule action list.

The initial definition of 2 subrule variable creatcs a copy
of the values (ie, nodes) in the specified multiple-valued
field. As the subrule-variable is roferenced, valucs
in the variable nmay be deleted. In fact, the only valucs
that are allowed to remain in a subrule-variable are those
which nake the sentence return TRUE as a result. (If the
sentence returns a numeric result (instead of logical),
subrule variables within it are not updated, and an error
occurs if a subrule variable contains more than one value.)

58 (P.PEOPLE LIKES OR LOVES X)

After evaluation, P will contain all thosc nodes in the
class PEOPLL that either LIKBES or LOVES X. If no one

likes or loves X, P will be set to enpty and FALSE returned.
If at least one valuc in P makes the sentence TRUL, then
the schtence will return TRUE.
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5.0 Novel Writer Features and Futures

The data base for the murder mystery simulation is rather simple and
skeletal. A very small grammar was used with only a few transformations.
The lexical expression lists contain only a limited selection of variants
for the semantic nodes and relations. Some errors in the grammar codes
of some dictionary items remain.

Our goal was to test the entire system. It is capable of operating
with a vastly more sophisticated data structure. Also, not all features of
the simulation language were exploited in the murder mystery program. The
predicate node device was not used. Text involving productions such as,
'"George knows that John loves Mary'', were derived from exploitation of the
same secondary triple device that handled expressions of the type, ''John -
broke the window with a hammer.'' The reason: while the simulation language
can dynamically add semantic triple list pointers to nodes and relations,
the code for adding the indicated triples to the change stack is not fully
implemented. The final implementation of this code will permit easy
generation of direct discourse, e.g. constructions such as ''John said,

' (sentence], sentence?...sentencep)' "

5.1 Style Control

while some effort was made to control a few facets of style in the
current simulation, most possibilities remain to be exploited. We have found
that the simulation language itself can be exploited as a style control device.
Various constructs in the rules indicate which triples may be combined into
a single sentence according to a sequencing logic. Also, the repetition of the
same action by several characters at the same time is usually expressed by
a pronoun such as ''They...'' or ''Everyone...' even though each individual

action is separately tabulated in the semantic network. To achieve this a special
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""They'' node was created in combination with a '"They'' class. Several individuals
performing the same action in the same time period are assigned temporarily
to the ''They'' class, and output makes use of a triple signifying the action
with the '"They''node functioning as the subject. Special commands such as
UNLST and LST alternately block and unblock the generation of uninteresting
or repititious semantic triples. This blocking is occasionally introduced as
a random device to vary the output.
A crude and not always successful device is used to control the use of
definite and indefinite articles. For the first occurence of some nodes
on the change stack ''a'" is selected--in successive productions ''the'
is used. (This tabulation holds for all succeeding time frames.) The
device collapses where the simulation program data structure has apportioned -
only a single class type node for several objects (out of laziness or for. economy).
Weighted probabilistic selection of syntactic rules is a device that,
although not used in the current system, was actually successfully tested
in an automatic essay paraphrasing and style control system described in
Klein, 1965a & b.
Narration from the point of view of particular characters is another
possibility, and is perhaps most interestingly implemented with the addition
of private semantic universes (see section 5.2).
Addition of a complex network searching component will permit the system
to add rich contextual detail to events. For example, where now a change stack
may contain just some bare facts about recent changes, a network searching device
could seek paths between nodes in apparently unrelated triples, and, if paths
exist, add them to the change stack as linking background information.
it should also be possible to have different characters produce discourse

in varying styles and dialects as a function of sociolinguistic context.
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The techniques are implicit in the following discussion of private universes.

5.2 Private Semantic Universes for Individual Characters

The ability to provide individual characters in a simulation with private
semantic netwarks, personalized grammars, and even personalized behavioral
simulation rules can be achieved with only mildly clever systems programming
techniques. The operating system on the Univac 1108, and operating systems
of perhaps all 3rd and 4th generation computers have system commands to facilitate
a restart capability--that is, the ability to store on disc the current state of
a program at specified intervals during execution so that in the event of
system failure, the program may be restarted at the point of the last execution
of a ''store on disc command'', without the necessity of starting the program
from the beginning.

To implement private universes for individual characters, it is only
necessary to add an executive program that will treat each private universe
as the total universe when it is resident in core storage, and to save it on
disc with a unique name when it is ready to process another character's private
universe. The existence of core-resident buffers for communication between

private universes is assumed.

5.3 Simulation of Simulations: Look-Ahead, Planning, Time Travel and Dreams

Implementation of the private universe capability permits some fascinating
possibilities: An individual character could be made to resort to his own
look-ahead simulation of events in order to evaluate decision making criteria
about the implication of current actions on future events. This would require
a private simulation using the data and rules of a private universe. The outcome
or outcomes could serve as data to compute probabilities of courses of action

for the private individual's actual, simulated real world behavior. Of course
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introspective, look-ahead simulation need not give accurate results, only
hypothetical predictions based on the private rules of a private universe.
Naturally, such a universe might contain models of other characters and their
private universes. The device also lends itself to the modelling of dream
behavior.

For those readers with an interest in science fiction fantasy, we note
that this device can be used to model time travel stories, with all conceivable
paradoxes. Essentially, it is necessary that the rules permit a private
character to treat his introspective look-ahead (or look-back) as serious
reality rather than speculation. In the case of travel into the past, all the

other characters must take the look-back seriously also.

5.4 Semantic Parsing

The private universe concept makes it interesting to allow communication
between modelled characters directly vié conversational interaction. Of course
sophisticated semantic parsing techniques are required. A great deal of work
in this area has been attempted by numerous researchers., Although we have not
implemented such programs in this system, preliminary study suggests that it
will permit semantic parsing ! gic many times more powerful than any in
programs currently in existence. The reason: we own the universe of discourse,
a universe where all the subtlties of behavior, motivation and context over
complex time intervals are all available as data for resolution of the ambiguity

that always plagues development of sophisticated semantic parsers.

5.5 Linquistic and Behavioral learning: Self-Modifying Behavior and
Natural Lanquage Meta~-Compiling

The use of this system for modelling speech communities, language learning
and language transmission in conjunction with sociolinguistic models has been

explored in detail in Klein, 1965¢c, 1966, 1972 and Kiein et al 1969,
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The transmission and learning of complex, non-verbal behavioral patterns
is also possible using the same mechanisms of the system. Simulation rules
may also have a representation in the semantic deep structure network of
private individuals., Also, the semantic deep structure may be used to generate
sentences and texts (rules and rule groups) in the simulation language itself.
The system already has the ability to compile dynamically and add to the simulation
new rules that might be generated during the flow of a simulation. It thus
becomes possible for characters to modify their own behavior rules in response
to private introspection and look-ahead, or in response to verbal and non-verbal
behavior of others.

The simulation rules governing rule generating behavior may themselves
be modified and generated by the same mechanisms, providing the system with a -

natural language, meta~compiler capability.

6.0 Significance for Linquistics, Sociolinquistics and the Behavioral Sciences

in General

We dare to say that Linguistic Theory has no future that is not linked
to a computer based experimental methodology. Contemporary linguistic theoretical
science has many brilliant theorists in the position analagous to that of a
great mathematician attempting to formulate the methodology of long division
using roman numerals,

The system described here, with its potential development, provides a means
of expressing and testing a vast range of theoretical linguistic models in
conjunction with a vast range of sociological and psychological behavioral models,
all within the framework of a common, efficient, dynamic time-oriented notation,
The implication is that, for the first time, it will be possible to test heretofor
untestable theories of language and language related behavior in psychological,

sociological and historical contexts.
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8.0 Appendix

The semantic deep structure model, as reflected in the choice of nodes,
relations and mappings has been more or less arbitrary and experimental, even
deliberately inconsistent. The function of the system is independent of the
choice of semantic units. One may substitute any scheme according to the
dictates of any theory. However, preliminary results suggest that any number
of semantic deep structure components will all work nicely, and that the usual
arguments for economy or elegance that are to be found in linguistic literature
are not necessarily valid in this system. We sense the possibility of proof
that such arguments are really functions of the particular notational devices
used. A basic principle in computational work is that there is an economy
trade between static storage space versus computation time. The non-computational
models of linguistic theorists ignore this fact in their proposals and arguments

for models of human language behavior,

8.1 Surface Structure//Semantic Network Production Rules

Logically, the system need not be limited to semantic 3-tuples and binary

phrase structure rules, although such a convention has been used in this version.

0=object, sub | = that RV zverb, sub l=start, stop
R=any relation RP= prep
RAz attribute (adj) RS = possessive

RADV =adverb, sub 1 Zadv before verb
PMAP positionally defines mappings between PTYPE triple fragments and the
phrase structure rule portions. E.g., in rule 1, the 0 is linked to the NP
and the RV is linked to the VP; in rule 4, the first 0 is linked to NPP, the
RS is linked to nothing and the second 0 is linked to PNP . PSUB positionally
lists relation type subscripts in parallel fashion. PTRANS indicates high level

transformation mapping information associated with each rule:

1. = carry down bit vector (hull trans.) 2,=0R (logical) bit vectors of new nodes
3.z set infinitive bits for both words 4,zset participle bit for second word
5.z set objective case bit for second word
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8.2 Transformations

As indicated earlier, the system obtains its ability to model a variety
of linguistic models, and at the same time a great speed of execution, by
decomposing transformational operations into primitive components at several
stages. Indications for applications of the transformational fragments are
marked and tabulated throughout the generation process. Some of the transformation
types themselves give directions for computing and assigning the transformational
markings to the growing generation tree (as in section 8.1).

Ultimately, every terminal element is associated with a bit vector
indicating applicable low level transformations as assigned during the various
stages of generation. The method avoids complex tree search after phrase structure
generation, and in comparison with other automated transformational generation

systems obtains thereby what may be a 100 to | speed advantage.

High Level Transformation Codes (non pronoun)

1. noun sing. 6. participial form

2. noun plural 7. verb (present sing.)

3. adjectival form 8. verb (present plural)

4, prepositional form 9. verb (past sing.)

5. adverbial form 10, verb (past plural)
(pronoun)

1. subjective case 2. objective case

Low Level Transformation Codes

1. NULL 9. add "'ed"

2, add "will" 10, delete 1 character, add "'ing"
3. add ''s" 11. delete 2 characters, add '‘en"
L, add ''ing'" 12, add ''es'

5‘ add Hdll ‘3. add ller”

6. add "'y 14, add ''ings"

7. add ''y" 15. add '"ers"

8. delete 1 character and add 'ies"

There are other kinds of high level discourse type transformations not listed
here. Of special interest is the one in the form of a special triple of the form
MX QQ-(n) : combine the next (n) head triples with the one preceeding.

It can be found in the simulation commands and on change stacks.
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8.3 Dictionary

Lines 3-8 are patterns for setting grammar symbol bits in the dictionary.

The word TYPE delimits classes of words.

The line following TYPE sets bits in the dictionary bit vector {article/no article,
pronoun, etc.) For example: line 179-- bit 2 is set for all words in that class
for 'no article'; in line 266, bits 2 and 9 are set for all words in that class
for 'no article', ' pronoun',

The lines with pattern types (N, V, PREP, ADJ, ADV, PART) indicate which
patterns of grammar bits to set. For example: line 12, line 14-- for word ''BE'
all bits of pattern PART (line 8) and all bits of pattern V(line 4) will be set.
fhus, ''BE' is an allowable choice for V, VP,MOD,AP VP2, or PART when matching in
grammar rules, .

The lines following pattern types indicate transformations to be associated
with all words in the class. For example: in line 25, noun sing. transformation
is TRANS # 1 on word 0; noun pl transformation is TRANS# 3 on word O.
Stem alternates are listed with their associated transformations. Word 0= main entry
Word 1 Z Ist stem, Word 2 - 2nd stem, etc. For example: in lines 15-16,
V present sing. is TRANS # 1 on stem 1 (null trans on 'is''); V past sing is TRANS #I

on stem 2 (null trans on 'are').
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8.4 Nodes, Relations and Classes

The input data for the nodes contains a listing of node names followed
by a lexical expression list. Numbers separated by spaces indicate the following:

singular, but definite article even on Ist occurence

0 =z singular 2
plural, and always associated with a definite article

1 = plural 3.

(ANR |

Note that this information is eventually passed on to both high level and low

level transformation components; other devices may also determine number at later stages.
Three pieces of information are associated with the relation input in

addition to the specification of the lexical expression list. The letter codes

indicate logical type:

A = attribute (normal)

Tz transitive

NI - numeric intransitive : with lexical expression list .
QA = quantitative attribute (no lexical expression list)

I = normal intransitive
NA = numerica attribute (with lexical expression list)

'Transitive' and 'intransitive' here refer to logical transitivity as opposed to
syntactic transitivity. E.g. "if A R B and B R C, then AR C."" implies that
R is transitive.

The first number following the letter code represents the relation type:

3 = general class L = prepositional class 5 = possessive
2 = attribute class 6 - adverbial type

These are not grammar codes, but rather devices for speeding up selecting of
rules for generation. The designations as preposition, adverb, etc. are arbitrary;
they actually represent a higher order semantic classification. The third number
represents an additional subclass marking for partition of the class specified by
the 1st digit.

The class listing contains the class names followed by a listing of elements;

the listing may be empty or include both nodes and other class names.
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8.5 Network and Simulation Rule Plot Specification

The specification of the network includes the assignment of all initial
conditions: numerical attributes, lexical triples, semantic triples, and
a listing of relations which are logically mutually exclusive for automatic
maintenance of logical consistency.

This initialization of starting conditions is part of the first time
frame of the simulation. Comments on the significance of groups of rules

appear indented between them.
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8.6 Sample Murder Mystery Texts

We offer a 2100 word story, complete with semantic deep structure, generated

in under 19 seconds. We also offer selected murder scenes from other runs
that used different random number sequences and/or different character trait

specification for Dr. Hume. (In some runs he was made very lustful and evil.)

The change stack listing does show all triple linkages that are tabulated

by the system.

8.6.1 A 2100 Word Murder Mystery Story
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