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2, General Discussion

The human nervous system contains a network of something on the
10

order of 10 neurons. A neuron may store or process anywhere from
5,000 to 60,000 bits of information,1 providing the human with an infor-
; ; Eii g : 14
mation storage and processing facility equivalent to approximately 10
bits of computer storage.2 Therefore, even a present-day, large-scale
computer system is at an immediate disadvantage in simple terms of
storage space.

Furthermore, the human neuron integrates decision-making functions
and the basic processes of thought and reasoning into the dendritic
and synaptic structure of a neuron, whereas the memory cell of a digi-
tal computer is a passive storage place for information. Depending
upon the efficiency of storage and other variables, our largest com-

puters have only about one thousandth of the information processing

capacity of homo sapiens.

Compared to the human, digital computers process information in
a slow, serial, simplistic fashion. Humans easily outperform the
fastest computers in many areas requiring combinations of perception,
coordination, timing, judgement and others. Most computers have only
a few paths for information flow to and from storage. In most cases,
a computer is capable of examining and comparing only two pieces of
data at one time. Furthermore, such comparisons are usually limited

to determination of equal/not equal conditions between numeric

15.¢. Cragg, Journal of Anatomy, vol. 101, no. 4, pp. 639-654,

2Steven, Rose, The Conscious Brain, (New York: Knopf, 1973).




quantities or character strings. The human mechanism is capable of
many simultaneous, subtle comparisons of pieces of information which
are often vague and incomplete.

In the human nervous system, even the simplest actions require the
integrated function of millions of neurons3 in a way such that thousands
of neurons are each simultaneously interacting with others. The infor-
mation processing methodology seems to be a form of parallel waves of
information selection, rejection, improvement, comparison with stored
data, correction of previous perceptions, real-time correction of loco-
motor activity, and so on.

The multiple, parallel paths provide redundancy and a high relia-
bility in the final information product which has not yet been dupli-
cated by computer scientists. The reliability and excellence of infor-
mation processing in humans is most notably evident in areas such as
speech and pattern recognition, language processing, analytical problem
solving, and such.

The digital computer can be contrasted as somewhat of an "idiot
savant'" taken to the most extreme application of the term. The compu-
ter does what it can do very well and very fast. Its very structure
causes the probability of making an undetected error nearly zero.
However, its operational range is so narrow that it must be thought of
in terms of an overgrown pocket calculator.

Many of the complicated information processing tasks that are

normally done by humans can be programmed for the digital computer.

3K.S. Lashley, Cerebral Mechanisms in Behavior, (New York: John
Wiley & Sons, 1951), p. 48.




However, those functions must be decomposed into the simplest possible
steps and ordered into sequences of instructions contained in the
computer's repertoire. Typical computer instructions are add, subtract,
multiply, divide, compare, read, print, jump to other instructions, et
cetera. It is not too difficult to imagine a series of such instructions
that would calculate the interest on a debt or find the area of an
irregular polygon.

However, try to imagine a series of computational steps for a
pocket calculator that would compare the visual images of two faces or
scan an oscillograph of a spoken word and compare it to a dictionary.
Such analogies expose the tremendous inferiority of our most sophisti=
cated computing devices when compared to the human brain. It is this
vast difference in information handling capabilities that renders the
human brain and the electronic computer incapable of emulating each
other.

The human brain can perform numeric calculations but only at a
fraction of the speed and with not nearly the accuracy of the computer.
Conversely, computers are capable of speech and pattern recognition
but require long, rigorous programs and even then fall far short of
human performance.

Any attempt to endow a computing system with the general properties
of human consciousness must confront the same inequities. The human
brain uses hundreds and thousands of multiple-path, parallel "programs"
which are each a sort of combined memory cell, logic network and
indexing scheme to achieve its feat of '"consciousness'". No hardware

exists today that can emulate such methods or such efficiency.




This leads to the conclusion that present-day machines could be

"presence of mind" only through simulation, that

provided some sort of
is, other techniques which imitate some of the external characteristics
of human consciousness. While future technology may permit the use of
methodologies similar to the human brain, the contemporary computer
scientist must resort to simpler techniques which are programmable on
available hardware.

Thus, we have defined the exercise to be performed in this project:
to devise a computational method and an artificially intelligent array

of computer programs that will manifest some of the more desirable

characteristics of human consciousness.

Design Goals

Human consciousness may be viewed as having many facets, some more
easily definable and reproducible than others. Since any thorough, in-
depth simulation of human consciousness defines a project of such
immense scope, a more feasible and commercially useful approach would
be to select those characteristics and attributes which have the great-
est cost/benefit ratio.

The identification of design objectives for such a simulator can
be derived from the most likely end-uses and applications which exist
now or in the near future. Many existing computer systems and auto-
matons of various types could benefit from the addition of a certain

"consciousness'". Such enhancement would improve the man/

level of
machine communications and would probably widen the scope and adapta-

bility of the already-existing system.




This practical observation suggests an open-ended design consisting
of modules readily adaptible to "working" systems that already exist.

Or conversely, it also suggests a structure that is receptive to the
inclusion of a wide variety of subservient 'worker" programs for the
performance of detailed tasks. There is little practical advantage to
providing a machine with consciousness unless that machine can also
perform useful tasks. Therefore, one general objective is to structure
this model such that it constitutes an "operating system" in the ilk

of IBM 0/S or the Univac EXEC-8 system. In this regard it must "manage"
the hardware environment, communicate with the outside world and control
the execution of various worker programs to accomplish its operational
objectives.

This objective means that in a fully functional system, the con-
sciousness model must perform most of the same functions that such
operating systems now perform. Among these are such functions as
resources allocation, job (problem program) scheduling, priority assign-
ments, device independency and so forth. Implementation and testing
on large-scale, present-day computers will be made easier by use of the
existing operating systems for these functions.

Another practical requirement which has been included in the
design goals for this model is that of modularity. Each of the func-
tional units in this model are to be designed as fully self-contained,
independent program modules which intercommunicate with one another
in a standard manner. Each functional unit has its own particular
area of responsibility and maintains strict processing and storage

independence from other functional units. This design goal has
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numerous advantages:

1. Each unit performs its own function. If that function
fails, the failing unit is automatically identified.

2. A failure in one functional unit is less likely to
cause a failure in another.

3. Since the system is composed of a larger number of
smaller functional modules, the system is more
flexible and re-arrangable.

4. Functional units may be redesigned and replaced
without affecting the operation of others.

5. The operating environment may be more easily
changed; a multi-processing environment (with
multiple computers hard-wired together) can support
the module.

As far as the external attributes of the model are concerned, the
ability to process natural language is probably one of the most signi-
ficant. This is for the simple reason that most communication among
humans is via language, whether spoken or written. It is certainly the
most efficient form of communication used by humans, since oral speaking
and aural speech recognition are many times faster than writing, key-
board manipulation, etc.

Even though keyboards represent the preponderant means of man/
machine interface at present, nearly all of such input/output entails
the use of language. Since most language used for this purpose is
artificial and contrived, many communication errors occur because
humans do not understand or forget some small nuance of syntax required

by a computer program. Very often, incorrect operation of computer
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software is traced to a missing period or a misplaced pqrentheéis.

A consciousness simulator must have, as one of its primary proces-
sors, a bona fide natural language subprocessor for both input and out-
put language processing. Most of the early implementations of the
model will use remote keyboard terminals for its communication, How-
ever, later models like this one will certainly use microphones and
speech recognition techniques to speed up the human-to-machine communi-
cation.

While natural language is desirable as an input/output medium,
linquistic representations are not particularly well-suited to internal
processing of "thoughts". Although human thought is generally very
language-dependent, computer simulation of human consciousness would
be very difficult using strings and fragments of natural language.

Instead, it is useful to contrive some form of processing entity
which is analogous to a human thought. Given a standard internal
representation for such a "thought", it could be passed among the
various processing modules as an internal "transaction" in much the
same manner as standard computer data processing practices suggest,

The primary requirement of such an internal representation is that it
must have a standardized format which can be decoded, processed and
subsequently have elements changed and/or added to the information
content.

The function of such an internal packet of data is much the same
28s @ human neuron; therefore, we have borrowed a term from other works
in Artificial Intelligence, the "neuromime". Our usage of the term
differs sharply from the human neural concept in that neuromimes in

this system are mobile packets of information that are passed among

12




the various internal processing modules.

The neuromime in this model is a "record" which may be written to
and read from external storage devices. It is a "tree-structured",
variable-length record which is decodable from information contained
in a central dictionary, or directory. A central storage facility
must exist within the model capable of rendering the packet to long-
term, permanent 'memory' and recalling it upon request. The same
packet may be decomposed and reformulated into natural language seg-
ments for use by the language processing part of the model.

Thus, one important design requirement is to establish an internal
environment where information can be properly represented and processed
without particular concern for its natural language idiosyncrasies.
Moreover, such an internal environment allows multiple processing units
to individually and separately operate upon a transaction, each as it
sees fit.

An additional design requirement established for this model is
the concept of circular module structure, where the various functional
units of the model are arranged in a party-line circle with each module
having the opportunity to react to the passing of a transaction (thought).
This is particularly important so that additional functional units may
be added to the circle as the model evolves and new units are added.

An additional benefit of such structure is that the model may continue
to operate, even if at a reduced capacity, when one or more of the
functional units is inoperable (or "offline').

Finally, one important consideration must be included in the
definition of design goals which will pervade the entire structure of

this model: the approach used must be later convertible to practical




working robots or "free-running' automatons. The most important
recuirement derivable from this goal is that the consciousness model

be capable of functioning as multiple layers of structured microproces-
sors.

The basis for establishing this goal are the general trends taking
place in the electronics industries toward discrete microprocessing
and away from large-scale, centralized processing. Since the speed of
processing cycles in electronic circuitry is rapidly approaching the
brick-wall barrier represented by the speed of light, the obvious alter-
native is to tend toward parallel approaches. Thus, already we see
the introduction of arrays of microprocessors, each comprising an
independent computer capable of fairly sophisticated operations.

Indeed, the advanced robots may utilize processing networks which
more closely imitate the human neural networks. At some point in the
process of submicrominiturization, a central processing unit may
approach the size and capabilities of the human neuron. However, in
the intermediate time, it will be necessary to implement this model
(or one like it) on more conventional hardware but nevertheless with
many levels of processors.

The primary and immediate considerations here are speed and capa-
city., Even the fastest central processing unit available today will
bog down if it must perform all of the detailed rigors of speech
analysis, dictionary searches, memory associations, language processing
just to accomplish its input/output functions. Simultaneously it must
process its "problem program', that is, the higher level of processing

necessary to do useful work.
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In order to free the larger, central processing unit(s) for higher

level problem solving and "thinking'", there must be hierarchically
structured arrays of microprocessors performing all of the lower level

problems. Evolution has provided homo sapiens with a somewhat similar

system for speech processing; many discrete areas of the human brain
perform low level tasks and "report" the already-processed information
to higher levels in the neural network. More simply, in order to get
all of the necessary information processed in time, there must be
simultaneous multi-processing; in order for the results of that data

processing to be useful, the processors must be hierarchically arrayed.
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3, Svystem Architecture

The general structure and layout of the model described in this
paper is the product of several iteration of design evolution. Later
experiments in implementation are like to spawn several more "versions"
of development before an acceptable model is built. Therefore, the
design goal of modularity discussed previously will play an increasingly-
important role in future work.

The overview of this model shows a collection of functional modules,
arranged in such a fashion that with each module performing its designated
tasks, the overall effect will simulate certain aspects of human conscious-
ness. It is very likely that initial arrangements of these functional
modules will not create the desired effects. After some testing and
experimentation, many of the modules will manifest needed changes that
can be detected only during tests involving the entire model. Further-
more, the very arrangement of the modules and the programmed rules
regarding their intercommunication is likely to be changed many times
before the model is "fine tuned" for operation.

However, readings in the psychology and mechanics of conscious-

1,2 seem to suggest that the

ness, particularly in works by Ornstein,
modular, functional unit approach might work well in the simulation of
consciousness. Clearly the human brain is organized into functional

areas for many types of processing. Pathological and behavioral

studies have shown that complex and very specific specialization exists

1Robert E. Ornstein, The Nature of Human Consciousness, (San
Francisco: Freeman & Co., 1973).

2
Robert E. Ornstein, The Psvchology of Consciousness, (San
Francisco: Freeman & Co., 1972).




in many portions of the human brain. There appear to be nb,inheréng
reqﬁif%ge@}? f?r an integrated modgl{_png wherg_al}_funétions are
synph{qqqﬁﬁ_aqﬁ_igterdebég@ent; b -

Instead, modular programming and structured arrangements of func-
tional modules in a digital computer system in many ways imitates the
organization of human neural networks. The proper superimposition of
control and perception mechanism coupled with a communications capability
appears likely to create many of the desired effects.

In general, this model consists of a collection of independently
programmed modules which function as '"thought centers', each concerned
with a certain area of interest and responsibility. The typical mode

of operation consists of each of these independent modules examining

the current transaction ("thought") being processed by the simulation
model. Since each module contains its own algorithms and formulas
defining its particular specialty areas, each may or may not have a
response to the current transaction. Furthermore, any response generated

"response level" which corresponds

by a module will have an associated
generally to the importance of the response.

In this manner, a monitoring module will evaluate the various
responses from the '"thought centers" and, based on its own algorithms,
judge which of the responses should be used in what order to properly
formulate the overall model reaction to the current transaction.

Such methodology corresponds to human thought in a number of ways.
A stimulus will often generate a number of simultaneous or closely
sequential mental reactions in the human brain. Much of what we know

as consciousness consists of ordering, selecting and processing those

responses according to various rules and methods which have been
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learned over time. Naturally, certain responses and "thoughts" in the

simulation model would be represented by transactions having a response
level too low to be selected and used by the higher-level control
processor.

To facilitate discussion of these different modules, a name has
been chosen for each which corresponds to its primary function in the
model. Referring to Figure 1, notice that each of the independently-

"processor". The Ego/

programmed '"'thought centers" is simply called a
Achievement Processor is shown as directly communicating along a common
"information bus" with the "Thought Control and Selection" module (TSAC),
as do all of the internal processors.

A typical operation of the model would consist of these general
steps: (1) An external transaction is received by the communications
processor, (2) the transaction is processed into an internal infor-
mation "packet" by the Language Processor, (3) the packet is passed to
Thought Control (TSAC) for distribution, (4) the TSAC module coordinates
the distribution of the new transaction with current model operations
and passes the transaction to the appropriate (or all) processor
modules, (5) each processor examines the transaction based on its own
programmed functions and its local memory, and then passes its processed
response back to TSAC with a corresponding response code, (6) TSAC
reviews the responses from each processor and selects the one(s) to
be used in formulating the final response, (7) and finally, the TSAC
sends the response to the Language Processor to other output
modules for implementation of the response.

A number of other ancillary processes may take place either

during or immediately following such a processing sequence. For
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example, many of the local processors might determine that stored
information from the main Memory System is necessary to fully process
their responses. In this case, each such processor would then generate

a search request transaction that is passed to the main Memory; also,
each Processor that generates.a memory search would be unable to complete
its evaluation of the current transaction until the search results are
made available to it.

In cases where the current transaction has information content
which one or more processors determines must be stored (i.e., remembered),
a "Store Memory" transaction is generated and passed to the Main Memory
System for decomposition, indexing and storage.

The local storage capacity provided for each Processor has two
purposes: the first is for storage of algorithms, subprograms, tables,
comparison masks and other information elements necessary to accomplish
the desired function; the second purpose is for "short-term'" memory of
the last few transactions that concerned it or, in some cases, a
collection of packets recently fetched from main memory in response
to a particular search request. This letter functional capability
will contribute significantly to the "presence of mind" quality in
the model.

"presence', how-

The most important module for maintaining good
ever, is the Realtime Presence module which is called by and, in turn,
interrupts the TSAC. Since internal computer clocks run independent
from "wall clock" or real time, most computers will appear to have
little ability of maintaining reasonable reaction and response times,

especially when such systems are multiprocessing other programs and

applications.
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Therefore, a realtime clock that provides the processor with "wall

clock" information can be used to track the passage of actual time.

TSAC can use this module in a number of ways. First, upon receiving

an incoming transaction, TSAC can note the present time and compare it
with the time of the last transaction. Secondly, interval times may

be set by TSAC, where after a given length of time it will wonder why
there has been no response to its last output. (In this case, it might
output a query such as, "Did you understand me?")

Other functions using realtime are needed for proper operation of
the model. When input transactions are distributed among the Processors,
TSAC must set an interval time so that it can monitor the amount of real
time that passed until the responses are returned. In a case where many
Main Memory System requests were made, a number of other processing
functions are under way, and the response time has degraded past some
acceptable limit, TSAC would issue a comment on the order of: "Just

a moment, please'.

The Main Memory System consists of a somewhat conventional multi-
file, random access database with certain specific improvements, First,
and most important the MMS must be a hierarchically-structured,
associative information storage and retrieval mechanism. A hierarchic
structure3 provides the capacity adding and changing various pieces

of a storage entity without necessarily reorganizing or rewriting the
entire entity itself, provides meaning to the relative positions of

various pieces of data, and, provides for organized methods of searching

3Charles T. Meadow, Applied Data Management, (New York: John
Wiley & Sons, 1976), pp. 54-101.
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and analyzing stored data.

The associative requirement means that generally any attribute

of a data entity might be used to locate any other item in the data-
bank up to n levels of "association'", limited only by the searching
mechanism. Such a storage and retrieval mechanism would be based on

4

a simple relational calculus scheme such as described by Date™ and
others.

Moreoever, the organization of data in Main Memory must be such
that (1) new records can be inserted at any point in a file without
disturbing the location of others around it, (2) data may be added to
or removed from any record in a file (thereby changing the size of
that record), and (3) associative links (index pointers) may be added,
changed or deleted at any time.

The third major improvement needed for proper operation of the
Main Memory System is a central dictionary-based key system which
allows complex relations between elements in the database to be stored
in the memory in a cryptic, condensed form. For example, the relation-

" or perhaps "is a synonym for" will

ship "is somewhat analogous to
probably appear many places in the database. Therefore, it will be
necessary to represent such relationships by a single symbol to save
time and storage space. The central dictionary will contain the
expanded translation of all such symbols.

The overall operation of the model can be viewed very mcuh in the

same manner as one attempts to examine ones own mentation by introspection.

4C.J.- Date, An Introduction to Database Svstems, (Addison-

Wesley, 1975), pp. 63-81.




There are usually separate and disassociated streams of thought simul-
taneously underway during a period of active consciousness in a human.
The Thought Control and Selection module "sees" very much the same
streams of independent reactions coming from the unruly Processors.
The TSAC must sort through these reactions constantly filtering out
the irrelevant, illogical and inapplicable responses. The the remain-
ing ones must be ''graded" to select the strongest, most important
responses just as humans tend to use the most active thought in their
consciousness during conversation.

Finally, the TSAC must invoke its rules of operation for final
processing of a response transaction. Generally, this means the appli-
cation of the robotic philosophy that has been programmed into the
model. Those transactions which violate philosophy are either rejected
or returned to the appropriate Processor for directed modification.

In effect, the TSAC will be managing a chorus of voices, each
having something different to say about everything that happens. The
TSAC, with its philosophy and algorithms, will always attempt to use
the best response from the group (or perhaps the loudest) to govern
what final response and subsequent action is taken after each stimulus.

New events and facts will cause TSAC or the Processors to want to
store such new data into memory, either a local Processor memory or
the Main Memory System. Storage and recall from memory, or responses
which use information previously stored in memory, will probably cause
a short delay in processing. This should not be objectionable since
pausing to remember something is a very human trait.

High periods of activity, especially where quantities of new data

are entered into the model, are likely to cause a decrease in memory
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efficiency. This occurs because new data is directly "stuffed" into
place with temporary pointers established to retain organization. Such
activity may have the effect of causing response time to degrade and
occasional recall errors from memory. This effect may cause an observer
to think the model is "tired", again a somewhat human characteristic.

A natural result of high memory activity will eventually cause a
shortage of storage space such that the model will be unable to perform
any additional memory store operations until the files are re-organized
and re-indexed and subsequently compressed into minimum space once again.
To an observer, the model would appear to '"sleep'" for some period of
time while this memory organization was taking place. While this foible
may be irritating to the human using the model at the time, it is never-

theless another similarity to the human it is simulating.
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3.1 Thought Selection and Control (TSAC)

The highest level of control in this model is exercised by the
Thought Selection and Control (TSAC) module which has the basic function
of determining which responses from the various Thought Center Proces-
sors (TCP's) should be used. Since each TCP is likely to generate some
kind of response to each stimulus (transaction packet), TSAC must evalu-
ate those responses and decide which of them should be used for further
processing. In this vein, the operation of the TSAC module may cor-
respond somewhat to the human operations of conscious reasoning.

This module operates as the system supervisor for all operations
of the model and "calls'" all of the subservient TCP modules (for its
"thoughts" and for reasoning on the current transaction), directly or
indirectly calls the Memory Subsystem (for many purposes), and controls
the various Perception and Communication Subsystems as required. Since
the first implementation of this model is likely to be built solely
for input/output operations through a computer terminal, a Language
Processor module will initially be the sole functioning part of Percep-
tion and Communication.

Internal transaction packefs will result from-inforﬁation that
is received by the Perception and Communication processor(s) which
roughly correspond to external stimuli in the human. Also, the TSAC
module is capable of generating stimuli of its own. Such internal
stimuli will generally result from such sources as the Real Time
Presence module which may trigger a '"spontaneous" transaction from
TSAC. This would mean the model "felt" it was time to do or say

something.




For example, if the TSAC module outputs an interrogatory message
through the Communications Processor (asks a question), it obviously
expects an answer within a reasonable amount of time. Accordingly,
the Real Time Presence module would establish a reasonable time limit
after which it would signal TSAC resulting in an additional query to
the effect, "Did you understand what I asked?"

Also, whenever a conversational link is in effect through the
Communications Processor, TSAC will set a somewhat longer interval
after which it may generate a statement or question concerning some
completely new topic. Simply stated, it may begin to "feel uncom-
fortable'" after a certain period of silence and make some type of
"small talk" associated with some item still in local memory (of
recent interest) or from a canned repertoire of items stored for just
that purpose.

A much more functional aspect of the TSAC module will be its capa-
bility to review each possible packet (thought and/or action) under
current consideration against its stored set of operating rules -- its
philosophy. Since this model will have no significant robotic exten-
sions and since its interactions with the real world will be limited
to the manipulation of typewriter terminals and display screens, most
of the structure of robotic philosophy discussed herein will have no
effect on its ultimate operation.

However, it is desirable to develop the structure for storing and
using that philosophy as far as can be carried in this model in prepara-
tion for the more functional models of the future. One very basic
premise of this philosophy is that it will not be alterable internally

(by heuristic or adaptive processing). Its high-level rules of

26




operation will be established by and changeable only by its builder
and operator. Only its modes and methods of implementing its philoso-
phy and accomplishing its goals can be altered by its learning processes.

The actual philosophy of operation will be installed as a set of
mathematical algorithms and decision tables. The structure of these
internal tables shall be organized to permit expansion and addition of
additional rules and refinements without reprogramming of the logic
modules using those tables; structured programming and table-driven
logic are already a part of good systems programming technique in con-
temporary computer science.

The TSAC module is basically a transaction-driven module, executing
its logic once each time a transaction is entered via the Perception
and Communication processor(s) or a spontaneous transaction is triggered
via the Real Time Presence module. All communications with its subser-
vient processors (PCP's and the Memory System) are accomplished via
command (call statements) where the TSAC awaits the return of control
from the called program before resuming processing.

One interesting aspect of the actual processing needs is that since
TSAg'must await the return of control from each called module of sub-
system, certain delays are likely to be introduced which will affect
the response time of the model. This means that long calculations,
especially processes involving input/output to physical storage devices
will cause the model to appear to pause 'to think" a while. The
organization of the Memory System will tend to become degraded as it
adds additional information and increases the amount of cross-indexing
and linkage; whenever the physical storage of linkage and cross-index-

ing begins to approach the limit of hardware storage capabilities, the
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model will appear to '"'go to sleep" for a while for the purpose of

refreshing its memory organization and thereby improving processing
efficiency.

In a multiprocessing environment (where more than one central
computing device is available for running the model), the TSAC and
TCP's may continue to function during memory reorganization, although
each will have only its local memory available during that period.
This will have the effect of having the model seem to be 'conscious"
of what is happening but unable to recall anything in main memory.
Depending upon the processing rules in the TSAC this could appear as
temporary "amnesia" of sorts or could cause the entire model to inter-

lock and "sleep" until full capacity was restored.
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3.2 The Ego/Achivement Processor

A key principle of the operation of this simulator is the concept
of a number of independently '"motivated" functional units. All of the
units are governed by a higher-level overseer (the TSAC module) which
passes judgment on the relative merit, importance and correctness of
each response. It is the competitive environment among these modules
that will, hopefully, produce an overall response somewhat similar to
that expected from Homo sapiens.

The Ego/Achievement processing module will be responsible for
producing most of the basic "drive" of the model. Although its drives
and needs will naturally be quite different from its human counterpart,
its programmed drives and desires will be key factors in forming the
"personality" of the simulator and will heavily influence its general
performance and behavior.

The most important and pervading priority that will be programmed
into this processing module will be the desire to gain knowledge and
to supply useful information from its data banks in answer to queries.
Furthermore, successful learning or retrieval operations will be keyed
to "self-esteem'" in the model. A "hit" returned from a search opera-
tion will generate a "happy" response, whereas the '"no-hit" situation
will cause regret. Establishment of a new '"fact" in memory (by the
creation of a new neuromime or a new associative link) will yield self-
satisfaction. Moreoever, this module will weigh each of its potential
courses of action according to the likelihood each has of furthering

the established goals.
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The initial impleﬁgéygéigg_ of this model is to be in the form of
an artificially-intelligent information storage and retrieval system.
Therefore, the goals to be programmed in the Ego/Achievement processing
module are simplistic, based on the rules shown here:

1. Gather and store any information derived from communi-

cations with users that can be associated, indexed and

stored among the files contained in the Central Memory

System.

2. Attempt to satisfy requests for information from users.

Also, voluntarily provide references to stored informa-

tion during conversations with users.
These two general rules will be expressed in very specific and detailed
algorithms comprising the nucleus of the Ego/Achivement processing
module. At the core of each algorithm is a somewhat lengthy polynomial.
The coefficient of each term in each polynomial is "adjustable" to
achieve the desired "weight" for the associated term and thereby "fine-
tune" the response and general behavior of the model,.

In this manner, the 'goals" contained in this (and most) modules
of the model will be embodied in a hierarchical set of mathematical
algorithms which will constantly "grade" and thereby guide the resultant
responses selected by the model, Heuristic portions of the model will
have the ability to make alterations to these coefficients based on
success and failure over time.

A hierarchical structure of mathematical algorithms is used as a
way to define and control the proliferation of minute details and
factors necessary to implement the stated goals. For example, the

goal of gathering and storing information is complicated and requires
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an extensive set of operational rules to be properly executed. There-
fore, the goal structure needed to decide whether or not the model
should '"want" to store a given piece of information may, in some cases,
use decision-making terms involving the entire model.

In actual operation, & new word or term not appearing in one of
the system dictionaries would result in a special type of search trans-
action that would cause a new neuromime to be formed or else another
bifurcation of an existing neuromime. Then, one of several steps would
be initiated to acquire the necessary information to properly link and
index the new data into the appropriate memory bank.

When the context of the sentence or the situation does not provide
enought information to establish the proper links between the new
neuromime or the new bifurcation and existing ones, the Ego/Achivement

"response level",

Processor will generate a transaction with a high
thereby attaching some urgency to the need to resolve uncomprehended
words or strings. The high priority code attached to such a transaction
will cause the model to formulate a question regarding the new entity.

With such an algorithm installed in the Ego/Achievement Processor,
it is likely that the model will appear to '"think", speak and act much
like a child; it will be very inquisitive and will ask the meaning of
each new word it encounters. It is hoped, of course, that these
characteristics will disappear in certain areas as the model acquires
knowledge.

Another facet of this processing module is the inclusion of algo-
rithms which should cause the model to want to build its own self

esteem, very much like its human counterpart. As an information

retrieval robot, the model will wish to appear interesting and helpful
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to persons with whom it communicates. In operation, such an algorithm
will generate transactions with somewhat lower priority levels that
simply have the function of carrying along incidental but possibly
interesting pieces of information. When no matters of higher importance
result from an input transaction, the model will tend to make "small
talk" about the current topic.

In addition to its capacity for spontaneous comments relative to
the current topic, the model will be unable to initiate topics of con-
versation on its own. A realtime lull in input/output messages to and
from a user will be noticed by the Realtime Presence module who will
then signal TSAC that a model-generated comment or question might be
apropos. If the last output message has not been acknowledged, the
model will ask, "are you still there?" or, "did you understand what I
just said?"

When nothing is '"pending" in the conversation, the model will
v choose from some lower priority subject available in local memory
?i (recent topics and events) or will attempt to complete its knowledge
y of (a) the current user, or (b) any topic previously discussed with
that user. "Incomplete knowledge' of such a subject will be indicated
by empty associative links of a neuromime already associated with that
3 user or associated with a topic previously discussed with him.

! While performing language processing with a user, the model will

-

;i often encounter strings or associations resulting in information packets

! which are not storable by the model. In fact, the decision whether or
not to store the contents of a packet is the result of evaluating an
algorithm in the Memory System. That algorithm is chiefly responsible

for determining whether input packets can be processed successfully
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into internal form and properly linked to one or more existing neuro-
mimes, or, formed into a new primary neuromime.
If an information packet cannot be decomposed and Tinked relation-

ally to existing neuromimes in memory, it is merely a presemptive node

of incomplete data to be held (optionally, depending on space) until
future input provides the necessary linkages. The evaluation algorithms
in the central Memory System will recognize the relative values of such
pieces of information, discard the ones of lesser value, and, post the
more useful and relevant ones for subsequent indexing and storage.

Early versions of this model will rate new pieces of information
which can be directly linked as more important than those which have
no such relationship to existing memory. Therefore, whenever free and
available memory space becomes limited, the memory organization utili- .
ties will selectively purge as many of the 'unorganizable" links and
neuromimes as may be necessary.

The coefficients for accomplishing memory structure and organiza-
tion will be dependent upon and closely tied to the existing processing
resources, particularly internal memory and online storage devices. As
mass memory devices become more available on the host computer, this
model will be able to assimilate and retain more and more unassociated
data in a "scratchpad" mode to be held pending acquisition of further
information.

The design principles of this processing module have been based on
the use of this model as an information storage and retrieval robot.
However, future uses of this model may surpass such a conservative goal.
Accordingly, the general organization of the entire model and specifi-

cally this module has been designed to permit the addition of other
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types of "goals" in its goal structure. At some point in time, the
model must be expandable to perform additional services aside from pure
information storage and retrieval. Therefore entirely new types of
goals and grading criteria will be established and incorporated into

this processor.
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3.3 The Emotion Processor

Cognition and understanding of human emotions and feelings is

unnecessary for the proper information processing functions of this

model. However, one of the greatest social and psychological problem
areas connected with superautomated devices is the machine's inability
to be sensitive-to its human co-worker's feelings. Also, with no
"feelings" of its own, the cold-blooded automaton will be especially
aggravating and irritating to humans living and working in close
quarters.

Secondly, the overall objective of this model is to simulate human
consciousness as closely as possible. The concept of an absolutely
emotionless, feeling-less state of consciousness seems far less likely
to imitate the human phenomenon with any degree of success. Moreover,
cognition of human feelings may be necessary in many cases to properly
process certain types of input from humans; "emotional overtones' cer-
tainly influence the meaning of many communications.

It is not within the scope of this paper to address the question
whether or not a machine can have feelings. Nor even if a machine can
"think" as we know and understand thinking. However, it is quite
possible to establish methods of information processing such that data
fragments dealing with "feelings" can be a part of the overall data
handled, and, that certain responses be devised to emulate human
emotions.

For example, in the human brain there are certain areas that
correspond to pleasure. It has been found that when such areas are

stimulated, the person experiences pleasure whether or not there has



been any actual pleasure received. As an information processing
device, the brain assigns meaning to the location of certain inputs.
Activity at that location is interpreted to have the assigned meaning.
There is no.reason not to believe that any such location assignment is
largely arbitrary. When properly 'wired", any information processing
device may have an assigned meaning associated with any input.

In much the same manner our model will have neuromime elements
(discussed previously) which have assigned meanings associated with
emotion processing. Certain words, certain topics and their resultant
associations will yield neuromime elements (nelts) which connote happi-
ness. Other nelts will connote sadness or perhaps anger. Our model
will be "wired" by reason of its programming such that happy nelts will
be properly recognized and stored as compared to sad nelts.

Further, our model will have a set of algorithms contained in the
emotion processor which will yield a set of human-like responses to
perceived feelings. In general, an input with a sadness nelt will
tend to yield regretful and compassionate responses. Input with
happiness connoted will yield happiness, and so on. At the core of
the emotion processors functions will be a set of algorithms that
determine the type and strength of each such emotional response. These
algorithms will be in the form of polynomials containing discrete
terms for each of the emotional components the model can sense. The
coefficient of each term is alterable to achieve the desired "person-
ality" we desire.

The operation of this processor will consist simply of evaluating
the stored algorithms using data supplied by the current "packet"

being processed. Primarily, each identifiable made will be searched
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for neuromime elements which correspond to table entries in the form:
"causes or connotes feeling x"

x may be happiness, sadness, regret, excitement or any other "feeling"

entry defined or previously entered into the model.

Then, when one or more "feeling'" entries has been associated with
a particular transaction, the Emotion Processor will simply calculate
an appropriate emotional response using a decision matrix and one or
more associated algorithms. As the result, an "emotional" NELT may
be attached to the output transaction, indicating that the last trans-
action "evoked an emotional response" of some type from the model.

Subsequent processing by TSAC and the Language Processor is likely
to result in some modification or inflection of the output language
string reflecting that response. As an example, the input statement,
"My computer just died" would cause a reference to the node labelled
"sorrow". The "sorrow" reference into the processors decision matrix
should yield a response such as '"compassion" which might ultimately
result in a string such as "I'm sorry that. . ." being added to the
output string.

The method suggested here will provide this model with a capacity
for reacting with simplistic "emotion" to input transactions only. No
spontaneous or self-generated "feeling" connotations would result from
the process described above. 1In order to provide such a capacity, an
additional cycle of processing must be added to the modus operandi so
that output transactions from other processors could be passed to the

Emotion Processor before final analysis by TSAC.
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3.4 Other Processor Modules

The initial system schematic shown in Figure 1 specifies only two
response processors for the initial version of this model: the Ego/
Achievement processor and the Emotion Processor. This arrangement
appears to be the simplest approach and the least expensive method of
testing the principle of this simulator.

Primarily, the design principle of an array of independent proces-
sors working from common ''transaction bus" as shown, simplifies the
implementation and installation of other processors on the bus as
testing and refinement proceeds. In fact, any number of secondary
processors can be added to the bus using the same interface software
with TSAC and Main Memory as the initial processors.

Furthermore, if a multiple-CPU environment is ever used, the
same hardware interface will be directly usable. In this manner, each
of the secondary processors becomes a "pluggable unit" which can be
easily disconnected or replaced for whatever reasons.

Conceivably, as work on the model proceeds, additional modules
may be devised and existing ones rewritten to provide much finer
specialization. If the basic theory of operation proves valid, fur-
ther diversification and specialization over an increased number of
functional units will improve the quality of its operation.

Certainly, the Ego[Achié%gmént processor will be separéfed intd
two more basic functions at some point in development, namely, the
Ego and the Achievement functions. At that stage, the Ego processor
will assume more direct functions of providing a "self" image and an

identity to the model, whereas the Achievement processor will produce
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:gspgggés_tpat_ﬁyg_mogg_fgpal*ppiented."
One very interesting aspect of this further diversification of

in the model is that internal conflicts will occur more

functions
frequently, thereby perhaps creating a moEgAhpéqn:liyg process in many
situations. As such conflicts become more complicated to resolve,

the TSAC module will become increasingly burdened with control functions.

It is likely that at some future stage the model will develop a type

of "thrashing" behavior perhaps similar to the human neurosis.
Presumably, as this and other such models evolve and become

increasingly complex, the systems programmer working on such internal

problems may become somewhat of a "psychocybernetist" or a "cyberpsy-

chiatrist" by trade. That is, the job functions of such an advanced

computer scientist will compare to the field engineer/repairman much

as the role of a psychiatrist compares to an M.D. internist. Much
of the work of such a computer specialist will not involve analysis of

detailed computer code so much as it will entail examination of

Mexternal stimuli", evident "patterns of behavior" and the "early-

life environment'" of a system.

Hopefully, the grouping of these and other secondary processor

modules will provide a test environment to study, modify and develop

specific "behavior" of artificially-intelligent computer software

products.




3.5 Perception Processors

The necessity of hierarchical processing has been discussed pre-
viously in this paper; however, nowhere in this model is the need for
structured processing as great as with the handling of perception in-
put. This is due largely to the "low information content" of most
perceptual data. That is, perception input usually contains much
data and very little information. Therefore, an extraordinary amount
of processing overhead is usually associated with perception.

Let's briefly discuss the processing of aural speech data as an
example. One of the earliest forms of perceptual input to models of
this type will be speech. This seems fairly obvious since most input
and output to an information system is, in fact, using language of one
form or another. At the present time, the "keyboarding'" operation is
the most restrictive bottleneck in computer input. And since humans
universally employ speech as the most used method of communication,
it seems only natural that the most marketable information robot will
possess that capacity.

Raw speech contains an immense amount of data. In fact, that
actual data collected during speech perception consists of the detailed
description of the vibrations induced into a receptor by ambient sound
waves. Examination of this data on an oscilloscope screen illustrates
that a single spoken word might result in thousands of data points
depending on the fineness of time sampling. Analysis of such a group
of observations using typical mathematical procedure could swamp
a large computer and consume much more actual time than the original

speech.
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So how does the human counterpart accomplish such a feat? The
human ear is an ordinary aural receptor that provides approximately
the same electrical data as does a microphone. So if the receptors
are approximately equal, then the processing methods, the software,
must make the difference.

Research in neural processing has determined that the human
system, in fact, makes heavy use of hierarchical processing for per-
ception. In simple terms, one part of the brain is monitoring the
vibrations of the "eardrum'", reducing those vibrations to a simplified
internal pattern, while another part is comparing those patterns to
thousands of other patterns stored in memory, while yet another higher-
level part of the brain is examining the associated meaning of each
recognized word in context, judging the "odds" of certain words having
been correctly recognized and substituting other words, in some cases
fashioning a form of verbal jigsaw puzzle.

Clearly, the central processing unit of our simulation model
cannot take the time to scan waveforms of input aural data. Nor can
it take the time to do pattern recognition work against the dictionary
of stored word-waveforms. It is even improbable that the central
processing unit could have the time to deal with fully translated word
strings. Instead, complete or nearly-completed "thoughts" (packets)
will be developed by the appropriate perception processor and bussed
to TSAC for internal distribution.

Moreover, it seems evident that such a perception module must
contain sufficiently complex memory to retain a running continuity

"

of input and output, and, to deal with "images'" of various forms

depicted by packets retrieved from central memory. It is unlikely
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