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1. Abstract

ConAg is a reusable framework, written in Java, for creaing “conscious’ software agents. Its
particular focus is on these agents “consciousness’ mecdhanism. A “conscious’ software aent
IS an cogntive aent that integrates numerous artificia intelligence medhanisms to implement
Bernard Baars global workspace theory, a psychdogicd theory of mind. This article gives
overviews of “conscious’ software agents and the need for a software reuse strategy for these
agents development. It describes the architedura style of “conscious’ software agents, from
which ConAg is built. ConAg is then discussed, including the design patterns and comporents
utili zed in this framework.

2. An Introduction to “Conscious’ Software Agents

For the past several years, the “Conscious’ Software Reseach Group (CSRG)® has been
developing “conscious’ software aents. From the onset, and continualy more so as
development progresses, it is clea that these agents are extremely complex and time-consuming
to develop and implement. This is understandable in that this ftware is designed to be
“smarter” software.  “Conscious’ software systems range in functionality, from acalemic
seminar organizers (Bogner, Ramamurthy, and Franklin, 1999, to naturalistic tutors (Graesser,
Franklin, & Wiemer-Hastings, 199§, to navy detalers resporsible for nava personrel
placanent (Franklin, Kelemen, & McCauley, 1999, to persond travel agents. ConAg, the
“Conscious’ Agent Framework, is being developed to help fadlit ate these agents’ construction.
ConAg closely follows current software reuse development methoddogies. By dang so, it is
hoped that a reusable framework is developed which expedites the building o these agents.



Autonamous agents (Franklin & Graessr, 1997 are systems stuated in and part of an
environment. They sense this environment and ad on it over time, in pusuit of their own
agenda, in such a way as to passbly influence what they sense & a later time. Autonamous
agents are ouped to their environment. They include numerous animals such as humans and
software ayents such as sme mmputer viruses and artificial life aents. Many o these agents
are dso cogrntive aents (Franklin, Stan, 1997 Bogrer, Ramamurthy & Franklin, 1999.
Cogntive gents are aittonamous agents equipped with cogntive feaures such as perception,
concept formation, attention, leaning, shot and longterm memory, emotions, and
consciousness In this article, these cognitive feaures are used bah in the folk-psychoogicd
andtechnical senses.

“Conscious’ software agents (Bogrer, Ramamurthy & Franklin, 1999 Ramamurthy,
Bogrer, & Franklin, 1998 McCauley & Franklin, 1998 Zhang, Franklin, & Dasgupta, 1998
Bogrer, 1998 are ogntive aents that implement global workspace theory, a psychoogical
theory of consciousness (Baars, 1988 Baas, 1997. Globa workspace theory paostulates that
human cogrition is implemented by a multitude of relatively small, spedal purpose processes,
amost always unconscious. In this multi-agent system, coalitions of such processes, when
aroused by nowel and/or problematic situations, compete for accessinto a global workspace ad,
therefore, into consciousness This limited cagpadty workspace serves to lkroadcast the
codliti on's message to all the unconscious procesors, in order to recruit other processors to join
in handing and solving the aurrent novel situation a problem. The theory describes additional
elements of mind such as action seledion, learning, and problem solving. “Conscious’ software
agents are very domain-spedfic entities and contain many cogntive fedures sich as emotions
(McCauley & Franklin, 1998, behaviors (Song, 1998, and leaning (Ramamurthy, Bogrer, &
Franklin, 1998 Ramamurthy, Franklin, & Negatu, 1998,Bogner, Ramamurthy, & Franklin,
1999.

This article is intended to appeal to severa audiences including the cgntive-modeling
and software reuse communities. As such, this paper first discusses why it is important that
ConAg relies heavily on software reuse. ConAg isthen dscussed urder the auspices of software
reuse methoddogy. The architectural styles of “conscious’ software agents, which constrain
ConAg, are described. The design petterns utilized by the framework are discussed. The
framework itself is thorougHy presented, including its comporent-based structure. In addition,
ConAg'sdesign petterns are presented.

3. Why Is A Focus On Reuse So Important?

Software reuse is the use of existing software to create new software instead of buil ding the new
system from scratch (Krueger, 199). Reuse invalves using bdh previously defined higher-level
concepts guch as ideas and krowledge and lower-level specific comporents such as objects in
new situations. When creding “conscious’ software aents, bah high-level concepts and code
are often reused. The software reuse processis commonly though to involve threesteps, each of
which is nealed for a “conscious’ agent framework (Basili, Briand, & Melo, 1996 Prieto-Dias
& Freeman, 1987%:

1. Accessngandchoasingareusable atifact.

2. Understanding and adapting the artifad to the gpli cation's purpose.

3. Integratingthe artifad into the product currently being developed.



In general, pations which can be reused include design structures, documentation such as
manuals and spedficaions, and source ®de. ConAg daces just this. Also, reuse invaves bath
bladk-box techniques, utilizing a comporent asis, and white box techniques or code scavenging
where isting comporents are modified to fit the needs of the new system. ConAg provides for
bath of these techniques. In general, adaptation is much more cmmon than straight reuse &
available components usually do nd match the desired functiondlity. Later sedions describe
which pations of ConAg are most likely to need white-box reuse.

Software reuse is often na standard pradice in software development organizations
(Krueger, 19929. ConAg hagoesto help change this for the CSRG. Asisthe cae for the CSRG,
reuse is difficult as abstradions for large and complex systems are typically complicaed. It is
often dfficult for developersto lean these astradions. Research has down that areuser’s il
is important in determining their levels of reuse (Prieto-Dias & Freeman, 198&). Many
developers are nat trained in reuse, and thase with training are often na pressed to pradice it.
To make reuse dtractive, an organizational-wide dassficaion schemeis often needed. Also, the
effort to use existing code must be lessthan the dfort needed to write new code (Prieto-Dias &
Freeman, 1987. For example, withou an adequate dassfication scheme, reuse becomes less
attradive asit isdifficult to dstingush between similar items. ConAg places great emphasis on
clasgficaionin the hope of providing an appeding framework.

Whil e software techniques are involved and dfficult to utili ze, their benefits to ConAg's
design, cevelopment, and wse by ahers far outweighed these complexities. In general, reuse
tecdhniques have been gaining momentum as they have potential to significantly reduce
development costs, maintenance ®sts, and umredlizeble schedules. Software reuse has
repeatedly been suggested as a means for succesdully combating the software aisis. the
problem of building large and reliable software systems at a ressonable st (Krueger, 1992
Mellor & Johrson, 1997. Reusability is widely believed to be akey to improving software
development quality (Biggerstaff & Richter, 1997. Reuse results in a completed systems
containing fewer total symbads with lesstime having keen spent on the symbadls' organizaion.
Therefore, in a sense, reuse enhances oftware developers cgoabiliti es, and most developers
prefer to reuse than write cde from scratch when gven the option (Frakes & Fox, 1995.
Throughreuse, ConAg haoes to capitalize on many of these benefits.

According to Biggerstaff and Richter (1987, a good reuse system addresses four
problems. Eadh of theseisauesis addressed by ConAg.

1. The aility for developers to be ale to find recessary comporents, bah exact and

similar matching ores.

2. A means for easily understanding the comporents. This is particularly key when

comporents need modification.

3. A method by which comporents can be modified in ader to apply them to new

domains.

4. A way to appropriately document newly composed comporents. This representation

shoud ill ustrate the composed comporents both as independent entities as well as
showing hav they can be modified to fit new domains.

Software reuse invalves four dimensions, ead foundwithin ConAg (Krueger, 199).

1. Abstradionisthe central feature of software reuse. Abstradion all ows for a succnct
description d an item, highlighting the important information while leaving ou what
is unimportant. A common example of an abstraction technique are object-oriented
langueges' class definitions. The provision d these languages for inheritance also



allow for a reuse dass hierarchy. These subtype hierarchies are helpful in finding
reusable items.

2. Seledion provides classfication schemes for organizaion and the finding d reusable
artifads. Selection works well when the representation is clea on what the artifad
does. To be effective, the dasgficaion schemes must allow developers to find
comporents faster than write them.

3. Speaalization allows developers to modify general components to fit their spedfic
needs.

4. Integration allows developers to combine their spedalized components into a new
software system.

There ae many techniques which when utili zed help foster software reuse. Some of the
main tedhniques are the use of architedural styles, design petterns, and oheds (Médlor &
Johrson, 199%. Eadc o these will be discussed at length below in conjunction with a
description o how ConAg uses them.

4. ConAg'sArchitectural Style

Building onthe findings that objed-oriented development has been shown to significantly
increase productivity, ConAg is developed in Java using oled oriented methods. ConAg's
architecture rests on a design phlosophythat direds “conscious’ software agents development.
It is worthy to study ConAg's design phlosophy as reseach has ill ustrated that design reuse
does have several advantages over simple ade reuse (Johnson, 1997.

4.1. What Are Architectural Styles?

Designreuse iscommon as it can be gplied to many contexts. In addition, as has been the case
in the development of “conscious’ software agents, the design processcan be applied earlier in
the development process and, thereby having a larger impad on the projed. Also, true to form
with “conscious’ software ayent development, most design reuse is informal and happens with
experienced developers (Johnson, 1997. Design reuse dlows for open systems, and it alows
the “Conscious’ Software Research Group s developers to share acommon vision.

Architedural styles are aform of design reuse. Architedura styles provide acolledion
of constraints, bulding-block design elements, and rules for composing a system (Monroe,
Kompanek, Melton, & Galran, 1997. There ae several benefitsto architecural style usage. For
example, routine solutions with well-understood poperties can be regplied to new problems
with confidence, paentialy leading to significant code reuse. In addition, architedural styles
can be gplied to a broad range of problems (Méellor & Johrson, 1997, such as the different
domainsfor “conscious’ software ayents.

Each architedura style has its own ndation, a specialized design language, (Méllor &
Johrson, 1997 Monroe, Kompanek, Melton, & Garlan, 1997 describing:



» Thestructural and semantic properties of systems falli ng within the style.

e A common vacabulary such as “bladkboard system,” “client-server system,” and
“database.” A semantic interpretationis also provided so that the compasition design
elements have well defined meanings.

* The patterns of interaction d systems built within the style. These design rules
(constraints) determine which design element compasitions are permitted. For
example, al “conscious’ software agents procesors have acess to a single
bladkboard.

* Analysesthat can be performed onsystems built i n the style.

4.2. “Conscious’ Software Agent’s Architectural Style

“Conscious’ software agents are designed following the adion seledion paradigm, a design
philosophy poviding pinciples for cogritive ajent architectures (Franklin, 1997 Franklin,
1995. The action seledion paradigm states that minds are aitonamous agents control
structures. Minds task are to produce the next adion. Minds $houd be viewed as continuots
instead of bodean. Sensations, such as perception, are operated on by minds to credae
information for their own use. A multitude of disparate mecdhanisms enable minds, and there is
littte communication between them. Minds and action seledion are limited to autonamous
agents. Agents are situated in environments, and agents' adions are selected in the service of
drives. Prior-information (memories) are re-created to help produce actions. Cogntive
functions auch as categorizing, inferencing, danning, recdling, recognzing, and sensing all
serve to help determine what to do rext.

“Conscious’ software ayents also fall under Baas' global workspacetheory. Particularly
important from the theory is that the system is comprised of numerous small processors, known
as codelets (Hofstadter & Mitchell, 1999 in “conscious’ software agents. Some of these
procesors form coalitions and compete for consciousness When a adlition reaches
consciousness its information is broadcast to the eitire system. Beooming conscious is
sufficient for leaning. Procesors act under the auspices of contexts: conceptua contexts,
cultural contexts, goal contexts, and perceptual contexts. Each context is a adition o
processors.

Pandemonium theory (Jadkson, 198) is also key to these agents' design. Pandemonium
theory’s comporents interad like people in a sports arena. Both the fans and dayers are known
as demons. Demons can cause externa actions, they can ad on aher internal demons, and they
are invalved in perception. The vast mgjority of demons are the audience in the stands. There
are asmal number of demons on the playing field. These demons are atempting to excite the
fans. Audience members respondin varying degrees to these atempts to excite them, with the
more excited fans yelling louder. The loudest fan goes down onthe playing field and joins the
players, perhaps causing ore of the playersto return to the stands. The louder fans are thase who
are most closely linked to the players. There are initid links in the system. Links are creaed
and strengthened by the amourt of time demons gend together on the playing field and bythe
system’s overal motivationa level at thetime.

Figure 1 illustrates “conscious’ software ayents high level architedura style,
comprised of many cogritive feaures from the adion selection paradigm.
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Figure 1. Architedural Style For “Conscious’ Software Agents

By extrapolating this architedura style & a lower level, Figure 2 illustrates the particular
architecture that isused in ConAg. ConAg isfocused primarily onthe arcled items.

Many of the aogntive mechanisms are in redity driven by small single-task codelets
correspondng to gobal workspace theory’s procesors and pandemonium theory’s demons.
Spedficdly, these codelets comprise anotions (McCauley and Franklin, 199§, behaviors (Song,
1998 Maes 1990, metacogntion (Zhang and Franklin, 1998, and perception (Ramamurthy,
Bogrer, & Franklin, 1998 Bogrer, Ramamurthy, & Franklin, 1999 Zhang, Franklin, Olde,
Wan, & Graessr, 199B). Emotion codelets are dispersed throughou “conscious’ software
agents, looking for situations which will influence the systems overall emotional state.
Systems emotiona states are a compaosite of several emotions, such as happiness sadness
anger, andfear. Behaviors serve to perform the systems major actions. For example, for agents
which communicae via email, a behavior might be to compaose areply to an email. Drives are
built-in to “conscious’ software ayents, and they operate in parallel. Drives activate behaviors,
and kehaviors work to fulfill them. Perception varies depending onthe domain; it can range
from receiving vdce in tutoring systems to natural-language email messages in department
seminar organizers. The Focus is the locaion where perceptua information is creaed for the
agents own use. Here this perceptua information is asociated with emotions and memories.
“Conscious’ software agents contain numerous memories, including associative (Kanerva,
1988, case-based (Kolodrer, 1998), short-term memory associated with what has become
“conscious,” and nunerous working memories. Metacogntion keeos track of agents' internal
condtions. If necessary, it can influence the behaviors, perception, “consciousness” and
leaning. For example, metacogntion can make the ayent more goal-oriented or oppatunistic,
and cause voluntary attention byinfluencing the chances that a aalition d codelets will make it
to “consciousness” Leaning takes many forms in these agents sich as the aility to lean new
behaviors. The primary resporsibility of “consciousness codelets are to bring now or
conflicting information to “consciousness’ (Bogrer, Ramamurthy, & Franklin, 1999. This
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Figure2: An Architedure For “Conscious’ Software Agents

includes new perceptua information. It aso includes corflicts between what is perceived and
what is remembered, and conflicts in the potential communication ouput of the agents'.

All codelets have adivation levels correspondng to hav important they perceive their
adion to currently be. These adivation levels are aso dredly associated with the higher level
concept the codelet serves, such as a behavior currently being exeauted. Codelets also contain
asciations with ather codelets, correspondng to the links of pandemonium theory’s demons.
All codelets which are actively performing their tasks join the playing field, also inspired from
pandemonium theory. The playing field is the first portion d “consciousness “ attention
mechanism. The dtention mechanism contains a way to form codlitions of codelets.
Spedficdly, a aalition manager works to group codelets into codlitions based on ther
asciations to ather codelets. A coalition must be seleded for “consciousness’ from amongthe
formed coadlitions. It also contains a spatlight controller that choaoses the next coaliti on for the
gpatlight of “consciousness’ based on codlitions adivation level. Once the *“conscious’
codliti on has been seleded, the atention medhanism’s broadcast manger sends out the aalition’s
information. Thisinformationis also placel in the modue's sort-term memory asit is known
that approximately seven recently “conscious’ items remain in short-term memory. All codelets
in the system are ale to receive the broadcast. In some cases, there must be multiple wpies of
the same kind d codelets based onwhat is “conscious.” Generator codelets, eat correspondng
to a spedfic kind d codelet, solve these cases, by recaving the broadcast and instantiating
copies of themselves with the rred information.



“Conscious’ software ajents are extremely domain-spedfic entities. Following the
adion seledion paradigm, what an agents perceives, its drives and correspondng behaviors, etc.
are oupded to its environment. A relatively domain-independent portion is the “consciousness’
mechanism. Thisis ConAg’s main focus.

5. The*Conscious’ Agent Framework

5.1. What Are Frameworks?

Frameworks are often na well understood and are misused ouside the objed-oriented
community (Johrson, 1997. Frameworks are reusable designs of al or part of systems. They
are ommonly represented by a set of abstrad classes and the way these dasses instances
interad. A framework’s purpose isto provide an applicaion skeleton that can be austomized by
developers. Framework’s are powerful as they can significantly reduce the anount of effort
necessary to develop customized appli cations, thereby saving aganizaionstime aand money.

Frameworks are aform of design reuse & they expressreusable designs. They are & a
lower level than architectural styles as they are more @ncrete. In fad, frameworks are actual
programs, and, therefore, users of frameworks are often tied to a programming language.
Because of this, frameworks are more dosely tied to their domain than architectural styles. Also,
succesdul frameworks must be mnsist throughow more so than architedura styles. Since
frameworks are programs, they are often easier for programmers to learn and apply than
architectural styles. This occurs partially because only a compiler is needed, nd special design
natation a software toadls often utili zed when creating architectural styles.

When using frameworks, developers often think they are just using an oljed-oriented
language's classlibrary. However, frameworks are different than classlibraries as frameworks
reuse high-level design. With frameworks, there is more to learn before dasses can be reused.
For example, a set of classes must typicdly be learned at once, and classes are naot reused in
isolation. A framework can usualy be distingushed from a dass library if there are
dependencies among components and developers learning the library comment on its
complexity. Because of this complexity, frameworks require quality documentation. Even with
the difficulty which comes in learning a framework, expert developers normally prefer
frameworks over spedal-purpose languages as they are eaier to extend.

5.2. What Are Components?

Comporents are actual working code portions and are designed for reuse. Idedly, components
shoud be eay to learn. Often, with black-box reuse, developers do nd nedl to learn how
comporents are implemented. Comporents are simply conneded to create anew system. By
using existing comporents, more reliable systems which are aeded and, therefore, easier to
maintain. As comporents increase in generality, the payoff for use in narrow focused damains
diminishes (Biggerstaff & Richter, 198%. On the flipside, with comporent growth, the payoff



when reusing the comporent increases more than linearly due to the cmmplexity costs. Larger
comporents, howvever, often become more spedfic which increases the wsts when modificaion
isrequired.

5.3. Frameworks and Components

Frameworks are intertwined with comporents, and they are @operating tedindogies.
Frameworks make it easier to develop rew comporents. For example, frameworks provide a
standard way for comporents to do dita exchange, error handing, and invoke operations on
other comporents. In ather words, frameworks allow components to make asumptions abou
their environment, making component integration easier. Frameworks provide spedfications and
templates for new comporents and al ow new comporents to be built out of smaller comporents.
Frameworks can actually be viewed as components in the sense that applications might use
several comporents, and vendors il them as products. As a whole, frameworks are more
customizable than components and have more cmplex interfaces, again highlighting the
difficulty of learning aframework.

5.4. ConAg

As aframework, ConAg serves four primary goals:

1. To fit within the boundries of the achitectural styles for “conscious’ software
agents.

2. To provide adrop-in implementation for the domain-independent portions of these
agents' “consciousness’ mechanism.

3. To provide working, easily customizable, and properly documented damain-specific
portions of the “consciousness’ medanism, such as “consciousness’ codelets which
look for a specific conflict.

4. To provide quality stubs for the @gntive mechanisms such as emotions and
behaviors found in “conscious’ software ayents. These will ill ustrate how these
modues $houd work with the “consciousness” modue and provide astarting pant
for these portions’ devel opment.

5.4.1. ConAg and Java

ConAg's ource mde is 100% pure Java, and Uilizes Jva's AWT and Beans frameworks. All
possble dasses are Java Beans, helping contribute to bah black-box reuse and, when necessary,
easy modficaion recessry for white-box reuse. Each source file has detailed header
comments, and aimost every line of code is commented, with all comments catered for Javadoc
use. In ather words, explicit care has been taken to ensure ConAg foll ows goodcoding pradice
ConAg hes a detail ed padkage structure dlowing for its components to be eaily found
and identified. The next several figures and subsedions describe these packages at a high level.
At theroat isthe “conscious’ software agent padkage, shown in figure 3. Within this pakage is
ConAg, aswell asthe other cognitive medanisms such as emotion and perception. ConAg’'s
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Figure 3: “Conscious’ Software Agent Package

padkage branches off into two main groups, the base codelet and “consciousness’ packages.
Eadh will be described below.

5.5. ConAg' s Domain I ndependent Portions

ConAg can be viewed partialy as a “generic” framework similar to frameworks for building
graphicd user interfaces. It implements portions of the “consciousness’ mechanism intended to
work acrossdomains. In ather words, many pations of the framework can be dropped in an
agent being developed such as atravel agent or an intelli gent tutor.

5.5.1. Coddet Definitions

Within figure 3’ s base codel et padkage, ConAg includes a definition for what a minimum codel et
is. All codelets in “conscious’ software agents must inherit this base codelet, customizing it for
spedfic use. This is needed as codelets must contain certain properties to be gpropriately
reamgnzed and handed by the “consciousness’ mechanism’s attention pation. This codelet
definition includes items such the way codelets’ asociations to ather codelets are represented.
The manner in which codelets adivation levels are represented and bywhich they are increased
and decreased. The structure eadh codelet shoud carry in order for its information to be
succesqdully broadcast. The way codelets recave the “conscious’ broadcast and chedk short-
term memory. A methodfor codelets to join and leave the playing field. Andso on.
As eainfigure 4, ConAg aso includes a definition for abase “consciousness’ codelet.

This definition highlights that “consciousness’ codelets carry information, whether it be a
corflict or novel information. In addition, it contains the method by which “consciousness’
codelets rapidly increase their activation levels in their attempt to gain “consciousness” Further
spedficity for “consciousness’ codelets is included, and dscussed in the Domain Dependent
Portions sdion kelow.

10
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Figure 4. “Consciousness Padkage

5.5.2. Attention

Figure 4 also shows where attention is located. The attention padkage includes a pandemonium-
like playing field. It includes a aalition manager for forming codlitions. It has gatlight
controller for seleding the “conscious’ coadlition. It contains a broadcast manager for sending
out the broadcast. Based on mndemonium theory’s concept demons, it contains a @ncept
manager for learning rew concepts. It aso has a short-term memory. While domain
independent, each of these can be modified to the developer’s satisfaction. For example, a new
algorithm for forming coaliti ons can be creaed based onthe oneincluded in the framework.

5.5.3. Graphical User Interface

ConAg's graphicd user interface, written using Java’'s AWT, serves two roles. First, if desired,
it alows the “consciousness’ modue to be started independently of the other modues. While
yet unproven, this may provide atesting gound to compare how these aents run entirely
“unconsciously” versus “conscioudly.” Seoond, the GUI provides a window into the inner
workings of the system. Figure 5 ill ustrates the GUI padage structure. Notice that it isa dose
mirror to the “consciousness’ package shown in figure 4. The differences to the “consciousness”
padkage include acomporents package, where display comporents used throughou the display
modue reside. All of the GUI is domain-independent except for the “consciousness’ codelet
and focus viewing mechanisms as what is being viewed is domain-dependent. More
importantly, ConAg does not depend on a GUI to run; the package could be cmpletely
removed. This provides a means for a user-interface based ona different toakit to be provided.
The stubs padage provides an insight to what is occurring inside ConAg’s provided stubs sich
as emotion. However, with the aumption that the adual cogntive modues will utili ze the
provided stubs and/or be implemented as Jvabeans, it is graight-forward to apply these viewers
to the true modues.

GUI Display
Attention Consciousness GUI Error Focus Stubs
Codelets Components Handling

Figure 5: Display Package
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5.5.4. Err or Handling

As = in figure 4, ConAg provides a mmmon medianism for handling errors throughou the
framework. The provided GUI contains its own error handling mecdhanism, using identicd
tedhniques as the framework’s main one. This technique dlows the developer a single paint in
which to code for handling additional errors while dso providing consistent debuggng methods
throughou the framework.

5.5.5. Other Cognitive Module Stubs

ConAg’'s dubs for the other cogntive modues such as metacogntion dorun and provide basic
functionality. Eadh stub is in its own padckage, as illustrated in Figure 6. Unlike the fully
implemented cogntive modues, care has been taken to try and make these modues as domain-
independent as possble. ConAg's GUI for the stubs takes the same gproad.

5.6. Domain Dependant Portions

ConAg's padkages for “consciousness’ codelets and the Focus are domain-dependent, the
exception begin the base “consciousness’ codelet comporents described in sedion 5.5.1. As
see in figure 7, ConAg provides “consciousness codelets to detect novel and corflicting
information for both perceptual inpu and conflict detection for the system’s output.
“Consciousness’ codelets are domain spedfic. ConAg provides “consciousness’ codelets for
use when the agent communicaes via enail. These provide abasis for white-box reuse in order
to apply these ammporents to new domains. As “consciousness’ codelets are Java beans, often
times code dchanges to the graphicd user interface are not needed “consciousness’ codelets are
applied to new domains.

Stubs

Perception Metacognition Emotion Drives & Learning
Behaviors

Figure 6: Stubs Padage
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Figure 7: “Consciousness Codelet Padage

As discussd in sedion 4, the Focus is the locaion where perceptua information is
created for the aents own use. This perceptua information is asociated with agents
memories and emotions, and “consciousness’ codelets bring this new and pdentially conflicting
information to “consciousness” Perceptua information is domain spedfic as are systems
memories abou their behaviors and what has perceved. Therefore, the Focus, while an integral
part “conscious’ software aents, is domain-dependent. Even so, ConAg provides common
methods for a Focus' use acrossdomains.

5.7. What Are Design Patterns?

Frameworks are composed of micro-architedural elements called design patterns (Johrson,
1997. Design petterns describe solutions to recurring poblems and a cntext for which the
solution works. They include the solution’'s costs and kenefits. Design petterns represent the
common idioms found repeaedly in software designs and makes them codified, explicit, and
applicable to similar problems (Monroe, Kompanek, Melton, & Garlan, 1997. Patterns
emphasize documentation and literary style rather than code generation a tods (Mellor &
Johrson, 1997. Design petterns are useful as a documentation tod for clasgficaion d design
fragments, making it easier for a development team to add rew members (Cling, 1996. Design
patterns provide astandard vocabulary for developers. They communicate information between
designers, programmers, and maintenance programmers at a significantly higher level than
individual classes. They provide alist of items to look for in a design review. Maintenance
programmers are lesslikely to bre&k existing code when they understand and work to preserve
the integrity of design petterns during maintenance dianges. Patterns are particularly useful for
building robust designs in situations where the trade-offs are well understood. When spedfying
and reusing design petterns, there ae three fundamental requirements to be followed
(Kompanek, Méelton, & Garlan, 1997. First, the design damain must be well understood.
Sewnd, the patterns must suppat the encgpsulation d design elements. Finaly, the design
patterns must be resporsible for a @lledion o well-known and proven designidioms.
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5.8. ConAg's Design Patterns

Design petterns are heavily utilized throughou ConAg. Illustrated here is ConAg's use of
several patterns, all described in Design Patterns (Gamma, Helm, Johrson, & VIissdes, 1995.
The astract factory pattern provides an interface for creaing families of related or dependent
objeds without their concrete dasses needing spedfication. Abstrad fadory patterns are used
throughou ConAg. Examples are seen in the base codelet and bese “consciousness’ codelet
definitions.

The singeton pettern ensures that there is only one instance of a dass and that it is
aacessble globally. ConAg relies on this pattern for each of the comporents that start up its
different modues. For example, the dtention startup componrent provides sngle acessto the
attention comporents, namely the playing field and kroadcast. “Consciousness’ codelet startup
provides accessto al of the “consciousness’ codelets. Focus gartup provides a single point of
aacessto the percaved information and the memories and emotions associated with it.

Used throughou ConAg is the facade pattern, defining a higher-level unified interfaceto
a subsystem, making these subsystems easier to use. In ConAg, active codelets join the playing
field. The playing field's dructure is hidden from them; there is Smply a cmmon way to join
and exit the field. Completed perceptual information is st in the focus for use by the entire
system; the adual processof percavingis hidden. Codelets receve the broadcast information;
hidden from them is how thisinformationis colleded and arranged for broadcast.

The strategy pattern defines a family of agorithms, encapsulating ead one and making
them interchangeable. This alows algorithms to vary withou diredly affeding those who
utilize it. Throughou ConAg's attention package, great care has been taken to follow this
pattern. For example, a different algorithm for forming coalitions can be used in the alition
manager; the same halds true for the spatlight controller’s choosing a “conscious’ coalition. A
method for gathering the information to be broadcast and acdual manner it is broadcast is aso
interchangeable. The same haldstrue for the representation d short-term memory.

The observer pattern defines a one-to-many dependency between oljeds  that when
one objed changes date, al of its dependents are natified and automaticdly updated. A prime
example of this in ConAg occurs with the “conscious’ broadcast, where one broadcast is
received by all codelets in the system. In addition, when the Focus receives a new percept, one
annourcement of thisfad is ent out to all of a system’s perceptual “consciousness’ codelets.

The memento pattern provides away to capture and externalize an ojed’s internal state,
withou violating encgpsulation, so that the objed can be restored to this sme state later.
“Conscious’ software ajents often have aself-preservation mechanism. For agents with this
medchanism, the base codelet class has the option to uilize Java's seridization tedniques.
Seridizaion adieves the memento pattern, and since d codelets inherit the base codelet
comporent, al codelets states can be captured and restored. This applies to the system’s dort-
term memory as well.

6. Current Progress

ConAg is a reusable framework for implementing “consciousness’ in cogntive agents. It
uniqueness comes from both its cognitive modeling gals and its grict adherence to the
principles of software reuse. ConAg uilizes architedural styles, design ptterns, and

14



comporents to create a framework which enhances developers capabilities. Currently, the
majority of ConAg is implemented, and testing and refinement is ongdng. In addition, it is
currently being uilized to implement several “conscious’ software agents. Integration with
other cognitive moduesis 9 far proving successul.

15



N =

Acknowledgments

Myles Bogrer is suppated in part by NSFgrant SBR-9720314.

Stan Franklin is suppated in part by NSF grant SBR-9720314and by ONR grant NO0O014
98-1-0332.

The “Conscious’ Software Research Group currently includes Art Graeser, Uma
Ramamurthy, LeeMcCauley, Aregahegn Negatu, Zhaohua Zhang, Ashraf Anwar, and Arpad
Kelemen.

16



References

Baas, Bernard. (1988. A cogritive theory of consciousness New York: Cambridge
University Press

Baas, Bernard. (1997). Inthetheater of consciousness New York: Oxford University Press

Basili, V., Briand,L., & Melo, W. (1996. How reuseinfluences productivity in ohjed-
oriented systems. Communicaions of the ACM, 39(10), 104116.

Biggerstaff, T. & Richter, C. (1987). Reusahility framework, assesanent, and drections.
|EEE Software, 4 (2), 41-49.

Bogrer, Myles. (1999. Creatinga “conscious’ agent. Memphis: Master’ sthesis, The
University of Memphis.

Bogrer, Myles, Ramamurthy, Uma, & Franklin, Stan. (1999. “Consciousness’ and
conceptual learningin asocially situated agent. Dautenhahn, Kerstin (Ed.). Human
Cogntionand Social Agent Tecdhndogy. Amsterdam: JohnBenjamins Publishing
Company.

Cline, Marshall P. (1996. The pros and cons of adopting and applying design petternsin the
red world. Communicaions of the ACM, 39(10), 47-49.

Etzkorn, LethaH. & Davis, Carl G. Automatically identifying reusable OO legacy code.
|EEE Computer, Oct., 66-71.

Frakes, Willi am B. & Fox, Christopher, J. (1995. Sixteen questions abou software reuse.
Communications of the ACM, 38(6), 7587.

Franklin, Stan. (1999. Artificial minds. Cambridge, MA: The MIT Press

Franklin, Stan. (1997). Autonamous agents as emboded ai. Cybernetics and Systems, 28(6),
499517.

Franklin, Stan, Kelemen, Arpad, and McCauley, Lee. (1998. IDA: A Cogntive Agent
Architedure. Proceedings of the IEEE Conference on Systems, Man and Cybernetics,
2646:2651.

Gamma, Erich, Helm, Richard, Johrson, Ralph, & Vlisgdes, John. (1995. Design Patterns.
Reaing, MA: Addison-Wesley.

Graesser, Arthur, Franklin, Stan, & Wiemer-Hastings, Peter. (1998). Simulating smoaoth
tutorial dialogwith pedagogcd value. Proceedings of the American Association for
Artificia Intelligence. Menlo Park, CA: AAAI Press 163167.

Hofstadter, Doudas & Mitchell, Melanie. (199). The copyca projed: A model of mental
fluidity and analogy-making. Holyoak, K. & Barden, J. (Eds.). AdvancesIn
Conredionist and Neural Computation Theory, 2. Norwood,NJ: Ablex.

Jackson, John. (1987. Ideafor amind. SIGGART Newsletter, 101, 3-26.

Johrson, Ralph. (1997). Frameworks = (components + patterns). Communications of the
ACM, 40(10), 3942.

Kanerva, Pentti. (1988. Sparse distributed memory. Cambridge, MA: The MIT Press

Kaspersen, Donm. (199). For reuse, processand product both count. IEEE Software 11
(5), 12.

Kolodrer, Janet. (1993. Case-based reasoning. Morgan Kaufmann Publi shers.

Krueger, Charles. (1992. Softwarereuse. ACM Computing Surveys, 24(2), 131-183.

Mases, Pattie. (1990. How to dotheright thing. Connedion Science

17



McCauley, ThomasL. & Franklin, Stan. (1998. An architecture for emtion. AAAI Fall
Sympaosium “Emotional and Intelli gent: The Tangled Knot of Cogntion.”

Méllor, Stephen & Johrson, Ralph. (1997). Why explore object methods, patterns, and
architectures. |EEE Software, Jan., 2730.

Monroe, Robert T., Kompanek, Andrew, Melton, Ralph, & Garlan, David. (1997).
Architedural styles, design petterns, and oheds. |EEE Software. Jan., 4352.

Prieto-Dias, Rubén, & Freaman, Peter. (1987). Classfying software for reusability. 1EEE
Software, Jan., 6-16.

Ramamurthy, Uma, Bogrer, Myles, & Franklin, Stan. (1998. “Conscious’ learningin an
adaptive software agent. Proceedings of The Second Asia Pacific Conference on
Simulated Evolution and Leaning (SEAL 98). Canberra, Austridia.

Zhang, Zhaohua, Franklin, Stan, & Dasgupta, Dipankar. (1998. Metacgntionin software
agents using classfier systems. Proceedings of AAAI 98, 8288.

Zhang, Zhaohug, Franklin, Stan, Olde, Brent, Want, Yun, & Graesser, Arthur. (199). Natural
language sensing for autonamous agents. Proceadings of the IEEE Joint Sympasia on
Intelli gence and Systems. Rockvill e, Maryland, 37481.

18



