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1 Abstract

This paper describes the “conscious’ leaning medhanism of an adaptive software ajent, Conscious Mattie
(CMattie). This conscious ftware agent takes the role of a departmental seminar organizer. The agent gathers
seminar information via email from humans, compases an announcement of the next week’s sminars, and mailsit to
members of a maili ng list which she maintains. Throughfurther interadion with seminar organizers, CMattie leans
to handle new variations of seminars, such as colloquia. In this paper, the ayent’s perception and consciousness
modules are described. Using a limited cgpadty global workspacethat coordinates with the perception module,
CMattie communicates with human seminar organizers. Through such interadion, CMattie gathers missng
information and learns new concepts for use in composing the announcéments.

2 Introduction

An autonomous agent [7] is a system situated in, and pert of, an environment, which senses that environment, and
adson it, over time, in pursuit of its own agenda. It adsin such away asto possbly influencewhat it sensesin the
future. CMattie is an autonomous cognitive agent, having multi ple senses, perception, concept formation, attention,
problem-solving, dedsion making, short and long-term memory, leaning, and emotions. This agent is intended to
be the first implementation of global workspace theory, a psychologicd theory of consciousness[2,3]. Global
workspacetheory postulates that human cognition is implemented by a multitude of relatively small, spedal purpose
processes, amost always unconscious. Coalitions of such processes, when aroused by novel and/or problematic
situations, find their way into consciousness the global workspace This limited cgpadty global workspaceservesto
broadcast the message of the aaliti on to all the unconscious processors. This all ows other procesrs to be reauited
to join in handling the current novel situation, or in solving the current problem.

Conscious Dftware agents [5] adapt and learn by reading to the changes in their domain, and through their
interadion with other agents in their domains, be they human or artificial. Due to this extensive interadion,
conscious ftware ayents tend to be social credures. CMattie functions in an acalemic setting and “lives’ in a
UNIX-based system. She gathers information from humans regarding seminars and seminar-like events sich as
colloquia, theses defense, etc. Using this information, she amposes an announcement of the next week’s sminars,
and mails this announcement weekly to members of a mailing list that she maintains.

CMattie is designed using a multi pli city of artificial intelli gence mechanisms. Her modular architedure [4,
14] implements and integrates these several diverse mechanisms. They include behavior networks [12] for adion
seledion, sparse distributed memory [10] for longterm, associative memory, pandemonium theory [9] for agent
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grouping, Copycat architedure [8] and natural language understanding [1] for email comprehension, and case-based
memory [11] for intermediate term, episodic memory. Each of these mechanisms has been significantly extended in
order to merge with the others, and to meet the needs of this domain.

This article focuses on conscious conceptual leaning. This leaning arises from what the agent perceves.
As discussed below, everything that CMattie perceives becomes conscious. Therefore, to understand this type of

learning, the agent’s perception and consciousness are first described.

3 Perception

The perception module in CMattie was inspired by and can be thought of as an extension of the Copycat architecure
[13]. Copyca is based on the premise that analogy making is a process of high-level perception, and that analogy
making lies at the re of understanding. Copyca makes and interprets anal ogies between situations in a microworld
of letter-string analogy problems. Copyca’s domain is predefined and fixed; therefore, there is no leaning. Since
CMattie “lives’ in a dynamic domain, her conceptual leaning mechanism enables her to perceive this dynamism.
The aent’s perception involves building instances of known concepts in her domain; leaning, deteding and
creding rew concepts;, and making appropriate relations between those ancepts. CMattie’'s perception module,
shown in Figure 1, consists of Mail Input and Output,Shienet,Working Memory and Case-Based Memory.

Mail Input and Output. Thisunit provides CMattie's interfaceto her domain. Using this module, she receves and
sends out email messages related to seminars, seminar-like events uch as colloquia, and maintenance of the redpient
mailing list. Mail input and output can process more than one email message & a time, enabling the perception
module to understand emergency events auch as a system shutdown message. This aids in maintaining her sense of
self-preservation as she proactively reacts to her changing resource needs.

Slipnet. The Slipnet is a network of nodes and links representing CMattie’'s permanent perceptual concepts. A
concept has a mre and a set of feaures representingits basic charaderistics. 1n a given context, afeaure might have
a spedfic value. In CMattie, concepts are often defined by a region of nodes and links in the Slipnet. Each of the
concepts in the agent may be an individual node or group of nodes. The various nodes are cnneded to ead other
through weighted links.

Fig. 1. CMattie s Perception Module

One of the built-in concepts in the perception module iSéh@nar concept with the following features:

Name of the Seminar Organizer of the Seminar

L ocation where the Seminar is to be held Date of the Seminar

Day of the week of the Seminar Time at which the Seminar is to be held
Speaker of the Seminar Title of Talk for the Seminar

Periodicity of the Seminar



Fig. 2. Segment of th&lipnetin the Perception Module

Name and Day are fedaures of the Seminar concept and are concepts themselves, ead with a separate set
of feadures. The Seminar concept is deegper than the Name and Day concepts and has a higher depth value than
those two concepts. Depth values aid in the assignment of node activation level.

Codelets can be thought of as gnall distinct agents designed to perform one task [4]. Each node in the
dipnet has one or more codelets asociated with it. When an email message isrecaved by mail i nput, these codel ets
aid in urderstanding the message, which is written in natural language. They recgnize relevant words and phrases
in the receéved message, and send adivation to the gpropriate slipnet nodes. A corpus of email messages coll eced
for two years contributed to the building of #lgnet.

Working Memory. This memory holds the mntents of the incoming email message. It also holds the perception
process intermediate results, as codel ets associated with dlipnet nodes operate inside working memory to understand
the recaved email message. The most significant inference made in this processis the caegorization of the type of
the incoming message.

Case-Based Memory. Case-Based memory constitutes CMattie’s episodic memory. In it she stores every email
message recaved for a relatively short duration. By looking at the episodes formed from sequences of email
messages with organizers, CMattie is able to relate new events to similar past events. She understands these past
events using her built-in domain knowledge. Case-Based memory aids her in leaning rew dlipnet concepts through
case-based reasoning. This memory ads as an intermediate term memory, and the information stored here is used to
learn domain knowledge.

Per ception Process. Anincoming message is understood when every significant word or phrase has been processed
and the type of the email message has been inferred. This information is then transferred by perceptual codelets to
the perception registers in the focus, described in the next sedion. Some of the perception registers are Name,
Organizer, Locdion, Date, Day, Time, Spedker, Title-of-Talk, Periodicity, and Message Type. Other perception
registers hold previously unencountered words and phrases that occur in the receéved email messages and that might
be relevant. The perception processis complete when the type of the recéved message has been inferred and the
understood information regarding the received message has been transferred to the perception registers.

4 Bringing the Focusto Consciousness

Many of CMattie's components use information from the focus. This sdion describes how the focus is used to
bring perceved information into consciousness As down in Figure 3, the focus includes five vedors: the
perception registers, the output of sparse distributed memory, the input to sparse distributed memory, the output of
case-based memory, and the input to case-based memory. The perception module places the components of the
understood email message into the perception registers. That constitutes the airrent percept. Next, sparse
distributed memory is read with the airrent percept as the aldress Also, case-based memory is real with the same
address. These reads are designed to gather the past information most relevant to what was just perceived.



Fig. 3. CMattie’sFocus

A Consciousness Codelet is one whose function is to bring spedfic information to consciousness[4]. In
this case, after the memory reals, perceptua consciousness codelets bring information from the focus to
consciousness One such consciousness codelet is asociated with ead of the perception registers and caries the
spedfic pieceof percaved information from that register. For example, one codelet carries the spedker’s name, and
another carries the seminar’stime. In additi on, some mnsciousnesscodelets chedk for confli cts amongst the relevant
items returned from the percept and the memory reads. For example, a mnflict occurs if the perceived place time
and date for the Cognitive Science Seminar are the same & case-based memory’s output of these same fedures for
the Graph Theory Seminar. The mnsciousness codelet reagnizing the cnflict raises its adivation level in an
attempt to read consciousness When the spatlight shines on this and the other perceptual consciousnesscodelets,
the perceptual information along with the conflict is broadcast to the entire system, that is, todekaty

5 Consciousness

CMattie’'s global workspace gives the ayent several important performance feaures. It allows for coalitions of
codelets to gain attention. Information about these codelets is broadcast to all of the agent’s other codelets.
Redpients of this broadcast become adive themselves if enough of the information is understood, and if it is
applicable. In this way, the broadcast redpients have the potential to contribute towards lving the problem raised
by the mnscious coalition. Leaning also uses the information in consciousnessto lean to asociate codelets as a
codlition. In addition to consciousness codelets, the consciousnessmodule cnsists of four major components: the
Playing Field, Coalition Manager, Spotlight Controller, and Broadcast Manager.

Playing Field. Artificial Minds [6] contains a detailed summary of pandemonium theory first described by Oliver
Selfridge in 1959 for perceptual uses and extended by John Jackson in 1987 to an “idea for a mind” [9].
Pandemonium theory’s components interad like people in a sports arena.  Both the fans and players are known as
demons. Demons can cause external adions, they can ad on other internal demons, and they are involved in
perception. The vast mgjority of demons are the audiencein the stands. There ae asmall number of demons on the
playing field. These demons are atempting to excite the fans. Audience members respond in varying degrees to
these atempts to excite them, with the more excited fans yelling louder. The loudest fan goes down to the playing
field and joins the players, often causing one of the players to return to the stands. The louder fans are those who are
most closely linked to the players. There ae initial links in the system. Links are aeaed and strengthened by the
amournt of time demons gend together on the playing field and by the system’ s overall motivational level at the time.

CMattie uses pandemonium theory’s notion of a playing field. A colledion of codelets which ad as
demons are instantiated when the program first runs. Each of these is a generator codelet of a spedfic codelet type
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such as a Slipnet codelet. Generator codelets themselves cannot becme mnscious. Instead, they instantiate copies
of themselves containing the gpropriate information recaved from a relevant conscious broadcast. This all ows for
multi ple codelets of the same codelet type to runin parallel, ead working with different information. The generator
codeletscan be considered fans in pandemonium theory’s arena.

Codelets, other than generator codelets, which are performing their respedive functions are pandemonium
theory’s players on the playing field. The playing field is a shared spacein memory; al adive codelets exist in this
shared memory space Codelets on the playing field may be asciated with one aother. For example, codelets
underlying the same higher level concept, such as a Slipnet node, are likely to be aciated with one aiother.
Codelet associations also develop and are strengthened when codelets are together in consciousness Thisiill ustrates
one paint of difference with pandemonium theory. There, asciation arises or is grengthened from being together
in the playing field. Here, it is from being in consciousness together.

Codelets have atwo-part name. The first portion signifies from where acodelet on the playing field is
derived, such as a particular behavior. Since there can be multiple codelets of the same type adive, codelets also
cary a unique identification number. Codelets on the playing field have an adivation level, which may come from
the higher level construct from which they were instantiated, for example from a behavior, a dlipnet node or an
emotion. Consciousness codelets provide their own adivation. Activation normally decgs over time. The
activation level otodeletss an important factor in deciding which coalition gains conscious attention.

Figure 4 ill ustrates CMattie’s playing field. Two components of her global workspaceimplementation, the
coalition manager and the spotlight controller, play important roles on the playing field.

Fig. 4. CMattie’sPlaying Field

Coalition Manager. The aalition manager groups adive codelets into codliti ons, and keeps tradk of them. To
make aaliti ons, the aalition manager groups codelets acarding to the strength of the awciations between them.
Only if a wlledion of codelets is asociated above acertain threshold level are they considered to be in a @adliti on.
In particular, the clledion of codelets associated with asinge higher level concept may or may not form a aoaliti on.
As acodeletcan serve more than one higher level concept, so may it belong to more than one coalition.
The playing field provides an adive dynamic environment. The adivation level of codelets decay. Newly
adivated codelets join existing coalitions. Codelets leave one aalition and possbly join another. The strength of a
codelet’s asciation to its higher level concept may change. Due to this dynamic environment, the alition
manager must continually and efficiently survey the playing field to keep its record of coalitions up to date.

Spotlight Controller. The spatlight controller determines which coalition beames conscious. It cdculates the

average adivation level of ead of the aaliti ons by averaging the adivation levels of the aalition’s codelets. The
spatlight shines on the aaliti on with the highest average adivation level. Average adivation among a @alition’s
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codelets, not the total adivation, istaken to prevent larger coaliti ons from having an advantage over smaller ones. In
the same way as the aalition manager’s, the spatlight controller's domain is extremely dynamic. For example,
adivation level falls when codelets' work is complete. Also, codelets increase their adivation while dtempting to
come to consciousness.

Broadcast Manager. Once the spatlight controller has determined a anscious coaliti on, it notifies the broadcast
manager who is responsible for gathering information from the anscious coalition, and sending it to all of the
codelets. As in doba workspace theory, messges are smal and understood by only some of the codelets.
Spedficdly, from the mnscious coaliti on the broadcast manager gathers objeds labeled for broadcast, that is, those
that contain information needed for spedfying the aurrent novelty or problem. Thisinformation is then broadcast to
all of CMattie's codelets. This is acaomplished via abladkboard model. Information gathered from a aalition is
placal on the bladkboard, implemented as a shared memory space When ead codelet palls this bladkboard, it
seaches for parameters it understands. Information is left on the bladkboard for a significant time period so that all
codeletgeceive the broadcast as specified in global workspace theory.

6 Conscious Conceptual Learning

The nscious broadcast reauits codelets that understand the message and for which it isrelevant. This causes their
adivation to increase, motivating them to begin performing their respedive tasks. These tasks might include
adivating their overlying Hgher construct, say a behavior, an emotion, a slipnet node, aleaning mechanism. Figure
5 illustrates the significant role of consciousness in perceptual leaning, highlighting dobal workspace theory’s
premise that consciousnessis sufficient for learning. This sdion focuses on the perceptual learning that results from
the conscious broadcasts.

Fig. 5. Consciousness As A Facilitator For Conceptual Learning

CMattie has a limited number of seminars already defined in her dlipnet. She “knows” about these seminars through
the built-inseminar concept and its features. In particular, she knows that:

— A seminar is held once a week

— It has an organizer and a name

— Each week, there might be a different speaker

— It has a different title-of-talk

— It is usually held at the same location, on the same day of the week, and at the same time.
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Suppose aseminar organizer sends her a message anouncing a seminar with a seminar name that she has never seen
before. CMattie attempts to trea such a message in away similar to seminars that she dready knows. The leaning
medhanism described here is based on the premise that any agent, including humans, learns based on what it already
knows. When the message understanding mechanism attempts to understand this message, the ayent recognizes that
it is an initiate-seminar-message for a seminar, but that the name of this sminar is not part of the built-in
knowledge. This information is placed into the perception registers, brought to consciousness and broadcast.
CMattie has codelets that understand this broadcast and can adivate diff erent behaviors that ad to converse with the
sender of the message to determine if the sender wishes to initialize anew seminar. She sends an acknowledgement
to the sender stating that a new seminar with that seminar name will be initialized, with the sender as its organizer
and requesting confirmation. Reinforcement of a sort is provided to CMattie by the response she might or might not
get. Based on the mnscious broadcast of this feadbad, if any, a new dlipnet node is creaed for this minar name,
and it is linked to the name node, which is also afeaure of the seminar concept. When this new node is generated,
the assciated codelets for it are generated as well, a quite straightforward process The new codelets are based on
similar, existing codelets for the other name nodes. Once the processis complete, CMattie has understood the
incoming confirmation message, and the perception module sends the relevant fields to the perception registers.

The second type of learning that takes placein the perception module occurs when CMattie learns concepts
which are not completely identicd to the built-in seminar concept, but dightly different from it. In her domain,
colloquia, dissertation defenses, dissertation committee medings, and faallty medings, al fall into this caegory.
This ®oond leaning mecdhanism is based on viewing every new situation in terms of a previoudy solved problem
(analogy making). When CMattie receves a message aout such a non-seminar event, say a dissertation defense, she
tredsit asa speaker-topic message for aseminar. This understanding is disseminated through consciousness The
agent sends an adknowledgement to the sender stating that she is initializing a new seminar by the name
“Dissertation Defense Seminar” with the sender as organizer. This misunderstanding can be expeded to result in
events such as:

— The adknowledgement €licits a negative response from the sender, starting an episode. The resulting
“conversation” between CMattie and the sender is gored in case-based memory. This episode provides
information that allows CMattie, even with her limited natural language understanding, to lean that a
dissertation defense is smilar to the seminar concept, but with dlightly different feaures. In this case, the
periodicity feature has a different valu€Mattielearns this through case-based reasoning.

— CMattie includes the Disertation Defense Seminar in seminar announcement. Thisadion islikely to elicit a
negative response from the sender, starting an interadion with CMattie. This episode again is dored in
case-based memory to aid her in learning what a Dissertation Defense is.

Due to such interadions with seminar organizers and case-based reasoning, CMattie leans a new concept cdled
disertation defense that is closely related to the seminar concept. Note that this conceptual leaning takes place
through the internal interadion between consciousness and perception. All such conversations become @nscious
before any changes to the perception module occur.

CMattie has codelets in her dlipnet that look for words and phrases that she hasn't previously encourtered.
The perception module tracks gich new words and phrases that occur with any regularity by keeping statistics and
remgnizing rovelty. Thisaidsin CMattie's natural language understanding. Even with her limited natural language
understanding, CMattie can urderstand messages from organizers that have negative connotations. Her dlipnet has
nodes andodeletghat detect words and phrases with such negative connotations.

Consider a possble path CMattie might take during her conceptual leaning. CMattie misunderstands the
first dissertation defense message, and sends an adknowledgement to the organizer for a Dissertation Defense
Seminar. Suppose the organizer responds with a negative message saying, “It is not a seminar, but a dissertation
defense”. CMattie understands the negative cnnotation in “not a seminar” and the repeaed occurrence of the
phrase “dissertation defense” adivates her questioning capability to send a message to the organizer with the
guestion, “What is a dissertation defense?” The organizer might reply with a simple explanation such as, “A
disertation defense is like aseminar, but it might not occur regularly” or “Disrtation defenses do not ordinarily
occur every week”. CMattie understands the negative connotations in relation to the words “reguarly,” “every
week” or “weekly”. These ae keywords in the dlipnet related to the periodicity fedure of the seminar concept.
CMattie uses her case-based memory and natural languege understanding to reason that a dissertation defense has a
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periodicity different from that of a seminar. Thisinteradion with the organizer and her reasoning eff eds the aeaion
of anew concept, dissertation defense, in the dlipnet with related codelets that search for it in future messages. This
conscious leaning enables her to corredly perceve and understand a dissertation defense message when she
encounters one next time. CMattie must also lean to behave differently when faced with a dissertation defense
message than when she does with a seminar message.

A trace of this leaning stored in her case-based memory serves to enhance her case-based reasoning
cgoabilities.  Later, CMattie might encounter a olloquium message, and in response to her incorred
adknowledgement of a Coll oquium Seminar, be told that “It is a @lloguium, not a Colloquium Seminar”. CMatti€'s
case based reasoning depends on (a) past experiences e has had, and (b) her ability to understand new situations in
terms of her past experiences. She recdls her experience with the first dissertation defense message from her
case-based memory, and reasons that colloquium might be similar to dissertation defense.  She sends a message to
the organizer with the question, “Is a mlloquium similar to a dissertation defense?’ Her understanding and
reasoning, based on the organizer’s reply to her query, aid her in learning about colloquia.

7 Conclusions

This paper presents CMattie's perception, consciousness and their unique integration fostering conceptual leaning.
Perceptual output enters the focus, which is brought to consciousness The global workspacebroadcast all ows for
conscious conceptual leaning, completing the g/cle. CMattie's design and development have been ongoing for two
years. Her predecessbiMattie, performed successfully with a subset@¥attie’sfunctions in the same domain
[15]. As of thiswriting, the CMattie is in the implementation stage. In future stages, extensions such as unlearning
are planned.
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