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ABSTRACT

It has become apparent that many human-computer interface
applications of common sense reasoning, particularly those
built on the OpenMind Common Sense corpus, make use of
similar computational tools (spreading activation, for exam-
ple) in addition to the corpus itself. Meanwhile, new repre-
sentations, new methods of reasoning, and new applications
are being introduced without a clear foundation for under-
standing their interrelationships. In this paper, I describe my
goals and progress in the design of a model of architecture
for expressing the inter-operation of common sense tools de-
veloped as parts of different efforts.

ACM Classification: HS5.2 [Information interfaces and pre-
sentation]: User Interfaces. - Theory and Methods.

General terms: Standardization, Theory

Keywords: Common sense, application programming in-
terface, software architecture

INTRODUCTION

It has become apparent that many applications of common
sense reasoning built on the OpenMind Common Sense
(OMCS) corpus [12] make use of similar computational
tools. In particular, most of these applications make use
of semantic networks and perform most of their user inter-
face magic using a small set of operations on these semantic
networks. These reasoning tools, however, are usually in-
timately intertwined with their applications or are part of a
monolithic software library, ConceptNet [9], which is a rigid
framework from a software engineering perspective. In ei-
ther case, new applications are bound to the development of
new techniques, which hinders the research and development
of both.

These tools are diverse, including such disparate components
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as raw English language corpora and spreading activation al-
gorithms. Meanwhile, new representations, new methods of
reasoning, and new applications are being introduced without
a clear foundation for understanding their interrelationships.
There also exists common sense knowledge representations
that compete with semantic networks, and they should be
accommodated As the field of intelligent user interfaces us-
ing common sense reasoning advances from isolated experi-
ments toward deployed applications, the need for a standard
model of architecture will become ever greater. With this in
mind, I set forward this draft of a Common Sense Applica-
tion Model of Architecture (CSAMOA).

CSAMOA divides the software architecture of common
sense applications along conceptual lines, permitting concise
discourse on the roles and contributions of any given com-
mon sense reasoning application, library, or corpus as well
as the development of standard Application Programming
Interfaces (APIs) along conceptual boundaries. I am in the
process of conducting an experiment wherein the CSAMOA
model is tested by rewriting the ConceptNet database and
library to fit this new form. Though the code port is not com-
plete, I have made enough progress to draw some useful con-
clusions.

REVIEW OF RELATED WORK

The projects built using OMCS do not have a consistent ar-
chitecture. In this section, I review the evolution of tools
leading to ConceptNet and the applications that used them,
outline architectural limitations of ConceptNet, touch upon
knowledge representations competing with ConceptNet, and
correlate the inherent architectural challenge with a notable
case from history.

Evolving common sense tools

The OMCS family of common sense tools has been evolving
and is continuing to evolve, leaving behind the applications
that have built upon it. In Lieberman and Liu’s Annotation
and Retrieval Integration Agent (ARIA) [6], a photograph
annotation and retrieval system is built upon the Common-
sense Robust Inference System (CRIS), a semantic network
system that served as a precursor to the ConceptNet plat-
form [9]. CRIS was superseded by OMCSnet, which is used
in GOOSE, a goal-oriented search engine assistant [7] [8].
Eventually, a suite of knowledge tools were integrated into a



single library known as ConceptNet [9]. The efforts of these
projects do not benefit from the evolution of the underlying
semantic network, though this disconnect is understandable
given the nature of young and developing code.

Future directions of the use of the semantic network, as de-
rived from OMCS, include OpenMind Commons [14]. Inter-
estingly, this upcoming project, as proposed, reuses many of
the ideas in ConceptNet, but the new structure focuses on us-
ing inference in real time, which contradicts the ConceptNet
design choice of batch processing all assertions. Even though
a semantic network will still support this new project, work
must be done to keep this from being yet another divergence—
this time from the ConceptNet effort.

Limitations of ConceptNet

ConceptNet is particularly troubling from the standpoint of
a software architect in that it consists of three conceptually
distinct components that are inextricably intertwined:

1. a data set in the form of a semantic network;

2. a set of procedures for generating the data set from a cor-
pus; and

3. aset of procedures for navigating and using the data set.

These three components strongly echo the well-known
Model-View-Controller software design pattern. In this de-
sign pattern, the model component abstracts the data used
by the software, the view component translates the model
into other forms for interaction (especially human interac-
tion), and the controller component mediates the interactions
between the two insofar as controls like business logic are
concerned. The segregation of roles in this design pattern
improves code maintainability by allowing the effects of dis-
tinct changes to be contained.

In the case of ConceptNet, these three roles cannot be sepa-
rated. Data is stored in flat text files, and those files are man-
aged by the same scripts that store and apply regular expres-
sions for extracting binary predicates. The scripts that permit
navigation of the semantic network are not clearly separated.
It is unclear, in this regard, how to describe what parts of
ConceptNet are supposed to be a data set and what parts are
supposed to be a software library.

Competing knowledge representations

At the present, there is a remarkable spectrum of substan-
tially incompatible tools in the space of common sense rea-
soning. These include the OpenMind Common Sense project
[12], which uses natural languages as knowledge representa-
tion, and the fundamentally more ontological projects Cyc
[1] and ThoughtTreasure [10]. Of the intelligent user inter-
face applications of common sense surveyed by Lieberman
et al in [7], most are based on the OpenMind family of plat-
forms. One interesting exception is Common Sense in a Disk
Jockey’s Assistant (CSDJ), which made use of ThoughtTrea-
sure instead.

An Analogy with the Development of Informatic Networks
The early development of computer networks, both exper-
imental (like ARPANET) and proprietary, lacked an estab-
lished “interconnection architecture” to unify diverse pieces
of computing equipment. The International Standards Orga-
nization (ISO) formally recognized this in 1977 and created
a subcommittee known as “SC16” for “Open Systems In-
terconnection.” The subcommittee established, as its highest
priority, “the development of a standard Model of Architec-
ture which would constitute the framework for the develop-
ment of standard protocols.” The product of this discussion
was the “Reference Model of Open Systems Interconnec-
tion,” also known as the “OSI Model.” [15] This model or-
ganizes the entire gamut of communications protocols, from
cabling standards to object serialization.

The history of interfaces built on the OMCS platform has
clearly demonstrated that many of the components of com-
mon sense reasoning platforms are still being developed. In-
deed, the OpenMind Commons knowledge elicitation plat-
form is expected to make radical departures from the previ-
ous platforms. Furthermore, there exist resources other than
OMCS for common sense, like Cyc and ThoughtTreasure,
that have the potential to be useful in the same applications,
but there is a great disconnect among Cyc, ThoughtTreasure,
and OMCS. Even ConceptNet has competing interpretations
of the OMCS corpus, like EventNet, which may be loosely
described as Markov model instead of a semantic network

[3].

As it stands, the development of new applications is being
hindered by the limitations of lack of architecture underlying
the software tools for using common sense.

DESIGN CRITERIA

Given the correlation between the limitations of ConceptNet
and the problems faced by SC16 as well as my engineering
intuition, I concluded that a layered architecture similar to
the OSI Model would be suitable for CSAMOA. As such, the
following design goals were copied from the goals leading to
the OSI Model:

. “do not create so many layers as to make difficult the sys-
tem engineering task describing and integrating these lay-
ers;

2. create a boundary at a point where the services descrip-

tion can be small and the number of interactions across the
boundary is minimized;

3. create separate layers to handle functions which are mani-

festly different in the process performed or the technology
involved;

4. collect similar functions into the same layer;

5. select boundaries at a point which past experience has

demonstrated to be successful;

6. create a layer of easily localized functions so that the layer

could be totally redesigned and its protocols changed in a



major way to take advantages of new advances in architec-
tural, hardware, or software technology without changing
the services and interfaces with the adjacent layers;

7. create a boundary where it may be useful at some point in
time to have the corresponding interface standardized;

8. create a layer when there is a need for a different level
of abstraction in the handling of data, e.g., morphology,
syntax, semantics;

9. enable changes of functions or protocols within a layer
without affecting the other layers;

10. create for each layer interfaces with its upper and lower
layer only;

11. create further subgrouping and organization of functions
to form sublayers within a layer in cases where distinct
communication services need it;

12. create, where needed, two or more sublayers with a com-
mon, and therefore minimum, functionality to allow inter-
face operation with adjacent layers; and

13. allow bypassing of sublayers.” [15]

My original intent was to revise the goals from the
OSI Model, adapting words like “protocols” and other
communications-specific terminology, but I found the orig-
inal terms to be sufficiently general to apply to the develop-
ment of the CSAMOA software architecture. I do, however,
have one specific goal to add: within each layer, create a
clear role division between the data models and the processes
applied to them.

THE CSAMOA MODEL

At the time of this writing, my working draft of the stack
has four layers: corpus, representation, realm, and applica-
tion. In this section, I give a brief definition of each layer,
followed by a discussion of the reasoning for the choice of
role divisions between each layer.

The layers, defined

Corpus The first layer of the CSAMOA stack is the Cor-
pus layer. It is the most basic component of the CSAMOA
stack and is dedicated to preserving the original, human rep-
resentation of common sense knowledge, irrespective of any
particular application, and any notations required to preserve
source information. This includes, for example raw natu-
ral language statements, elicitation frames, and source data
(including user profiles) on the stored natural language state-
ments.

Representation The second layer of the CSAMOA stack,
the Representation layer, is dedicated to the abstraction
of a corpus knowledge representation into a machine-
interpretable form, like a semantic network or Markov ma-
trix. As this abstraction is a complicated process, the
Representation layer is further subdivided into the Pars-
ing/Encoding, Reasoning, and Presentation sublayers.

Parsing/Encoding The Parsing/Encoding sublayer is re-
sponsible for taking the knowledge from the Corpus layer
and converting its form to comply with the rest of the Rep-
resentation. As there may be cases where knowledge must
be converted back into a Corpus-compliant form or into nat-
ural language, this layer is responsible for performing this
encoding operation as well.

Reasoning The Reasoning sublayer is responsible for de-
riving new pieces of knowledge, particularly with abductive
reasoning, from the existing body of knowledge.

Presentation The Presentation sublayer defines the theo-
retical form of the Representation layer as seen by the subse-
quent layer, providing the requisite navigation routines and
data structures for the representation of knowledge in the en-
tire Representation layer.

Realm The Realm layer is responsible for navigating the
Representation layer to isolate realm-specific knowledge as
well as computational operations, like spreading activation,
on the representation, usually without particular regard for
the semantics underlying the representation.

Application At the top of the CSAMOA stack is the appli-
cation itself, which is responsible for all user interactions and
for the ultimate processing of the knowledge made accessi-
ble by the rest of the hierarchy. This layer defines the expe-
rience of the user when interacting with an intelligent user
interface, insofar as the processing of natural language and
common sense can be left to the lower layers.

Motivation and additional notes

Corpus Itis important that much emphasis is placed on pre-
serving accountability and human-readability for knowledge
in the Corpus layer in the form of source data. This empha-
sis is in place to allow for ready debugging regardless of the
knowledge representation (KR) in place—this, in turn, is an
attempt to address the fundamental limitations of any KR as
described in [2].

In the OpenMind family of projects, this role is filled by
the OpenMind Common Sense corpus itself, which immedi-
ately prompts the assertion of design goal 5. In systems that
have knowledge representations other than natural language,
like the maps and other representations from Eric Mueller’s
ThoughtTreasure [10], this layer is inclusive of these repre-
sentations. One can even consider a body of CycL assertions
and appropriate navigational routines to comprise the Cor-
pus.

Representation The defining attribute of this layer is the
form it gives to the knowledge it contains. Formally, this
means that this layer defines both data structures and APIs for
the computational manipulation and/or navigation of com-
mon sense knowledge. By virtue of design goal 12, I subdi-
vide this layer into sublayers to allow a particular represen-
tation layer to be built upon a variety of corpora.

In the case of the OpenMind family of projects, the Repre-
sentation layer would have been CRIS, OMCSnet, or Con-
ceptNet [9]. The sublayers have distinct functions that are
easily motivated, and I shall show how ConceptNet specified



the most developed set of interfaces out of these three exam-
ples.

ConceptNet directly included MontyLingua [9], a natural-
language processing engine for English, filling the role of
the Parsing/Encoding sublayer. As the parsing of the Corpus
layer’s KR into the Representation layer’s format is a process
tightly coupled to both layers, I found it appropriate to put
this function into a sublayer as specified by design goal 12,
rather than presume the process to be an innate feature of a
Representation layer.

The Reasoning sublayer is positioned second in order to ab-
stract away the reasoning process from an application. The
intention is that the Representation layer should appear to en-
compass all knowledge, whether stored in the Corpus, pro-
vided by the application, or derived through reasoning. It
should be noted that the Reasoning sublayer can produce
knowledge that is not preserved by the Corpus layer. The
knowledge used by the Reasoning sublayer may come from
the Corpus, the application by way of the Presentation sub-
layer, or from both.

It should be noted that CRIS, OMCSnet, and ConceptNet are
all semantic networks, which would be a valid specification
of the data structures in the Presentation sublayer. Naviga-
tional interfaces may include methods for dumping the rela-
tionships in a given set of nodes in the semantic network or
for filtering for nodes and/or relationship types germane to a
particular application domain (realm filtering).

Upon close examination of CRIS, OMCSnet, and Concept-
Net, it can be seen that these projects were distinguished to
some extent by the number of relationship types between net-
work nodes and the degree to which reasoning was used to
generate succinct representations. Of these examples, Con-
ceptNet was the most advanced for introducing various forms
of abductive classification in what would be the Reasoning
sublayer.

As all of the functions of these sublayers are intertwined, I
found that design goal 2 forbids me from granting these sub-
layers the status of “layer,” as the interactions between these
layers would be diverse and numerous. As it would be diffi-
cult to make these layers highly interchangeable, I am further
discouraged by design goal 6.

Realm The Realm layer is the most vaguely defined com-
ponent of the CSAMOA stack. Like the Presentation layer
of the OSI model [15], design goals 3 and 4 demand that a
variety of general-purpose routines be collected into a layer
just below the Application layer.

In particular, operations such as optimal path finding, spread-
ing activation and weighting of wherein certain relation-
ship types in a semantic network to give them critical nu-
ances for other operations (especially spreading activation),
belong in this layer to benefit multiple applications. This
is probably best understood with the simple example of
spreading activation. In ARIA as well as Shen, Lieberman,
and Lam’s scenario-oriented fashion recommendation sys-
tem [11], spreading activation is applied to a semantic net-
work. The parameters used to guide spreading activation dif-

fer in these two applications, especially in the weights as-
signed to different link types and the nodes chosen for initial
activation.

It should also be noted that some operations, like the weight-
ing of relationship types, are conceptual expansions of nav-
igational operations that belong in the Representation layer.
In the case of weighting relationship types, the process is an
improvement of realm filtering.

Application 1t is beyond the purpose of CSAMOA and the
scope of this paper to examine the modalities of human-
computer interaction in systems that may be built along the
lines of CSAMOA. These modalities are grouped with the all
of the other remaining functions required of a common sense
application into the Application layer.

THE FIRST EXPERIMENT

ConceptNet belongs to a family of substantially incompatible
OpenMind Common Sense (OMCS) -derivative representa-
tions colloquially known as the “X-Nets”. Other represen-
tations include EventNet and LifeNet. It has been advanced
by Smith in [13] that a desirable future direction for the X-
Nets is interoperability, which indicates to me that the X-Nets
should be examined closely to see if the CSAMOA model of
architecture can bring a potential mechanism for interoper-
ability to light. I also became aware of an effort to revise
ConceptNet to add new features, like polarity of assertions,
which was identified as a future direction for ConceptNet in
[13], and the people engaged in this project were accessi-
ble to me. ConceptNet also lacked interchangeable software
components, despite the changes being developed. With all
of these things considered, ConceptNet appeared to be the
optimal choice for testing CSAMOA.

The first experiment on the use of the CSAMOA model
was restricted to ConceptNet and the underlying OpenMind
Common Sense (OMCS) corpus. This limited my ability to
search for interoperability with the other X-Nets, as such a
search would require the close examination of at least two X-
Nets, but this limitation allowed the first experiment to test
CSAMOA for less esoteric benefits. The benefits sought in
this experiment were:

1. a clear separation of dependency relationships among the
common sense software components; and

2. intuitively obvious assignment of any data model or proce-
dure to an appropriate layer.

It must be noted here that, though interchangeability of soft-
ware components may be enabled by CSAMOA, I do not
expect enough alternative structures to be developed in the
course of this experiment to test CSAMOA’s capacity for it.

THE EXPERIMENTAL IMPLEMENTATION OF THE MODEL
In the case where all layers of the model need to be imple-
mented, the model naturally lends itself to a bottom-to-top
construction, starting with the Corpus layer. Encouraged as
such, I began my implementation there and worked toward



the Realm layer. It should be noted that, by itself, Concept-
Net does not complete an application, so I do not expect to
populate the Application layer with any code.

The original ConceptNet code is written in the Python [4]
interpreted programming language. Given personal prefer-
ences and the fact that the ConceptNet redevelopment effort
with which I was cooperating was continuing to use Python,
I opted to keep the chosen language for this experiment the
same. I anticipated the appropriateness of an strong database
abstraction layer, wherein database tables and queries are
generated automatically from naturally-written Python code,
and so I selected the Django web development framework

[5].

At the time of this writing, however, the conversion of the
ConceptNet code to the CSAMOA model was not com-
plete. I made it through the development of the Corpus layer
and much of the Representation layer, with some concep-
tual work throughout the remainder. The particulars of my
progress and observations follow.

Corpus

In the Corpus layer, I implemented models and control code
to manage the OMCS corpus. Though the code developed
is essentially complete and functioning, it does not include
any knowledge elicitation code as would be required to have
a complete OMCS system [12].

In the original ConceptNet code, an autocorrector for fixing
common typographical errors was included in the code that
parsed sentences. As this operation produces data in the same
form as the original data in the corpus, I determined that au-
tocorrection code should be separated from the parsing code
and assigned entirely to the Corpus layer. This code became
a generalized autoreplace engine, with distinguishable rule
sets, when I discovered “swaplists” in the ConceptNet code
with subtle semantics-altering effects deeper in the parsing
code. It should be noted that the “swaplists” were applied
indiscriminately in the parsing layer, such that it would be
equivalent to put the substitution rules in the Corpus layer.

The database models that I created for this layer include the
supporting elements Language (for keying multilingual dic-
tionaries and rule sets), AutoreplaceRule (for providing the
aforementioned autoreplace rule sets), and Activity (for rep-
resenting the knowledge elicitation method). The layer also
includes the core elements Source (for storing profile data
on the provider of a piece of common sense knowledge) and
Sentence (the smallest unit of corpus data).

Representation

The Representation layer, as anticipated, contains the bulk
of the ConceptNet transformation. The models were easy to
construct, with some exceptions that will be discussed.

Parsing/Encoding ConceptNet used a number of parsing
dictionaries for storing word sets like stop words and words
that invert meaning—this was easy to accommodate, but
the use of these dictionaries was so far removed from the
publicly-exposed models of this layer that I was encour-
aged to place them into their own “tools” subcomponent
of the Parsing sublayer. After all of these preprocessing

steps, ConceptNet chunked and tagged its sentences with the
MontyLingua natural language toolkit, which I expect to be
easy to adapt and/or replace in this reimplementation.

Models that I created in this sublayer include the defining
models Frame (for storing elicitation frames) and RawPred-
icates (for storing binary predicates extracted from a Sen-
tence).

Reasoning The Reasoning sublayer is dominated by the
reasoning process, and no supporting models, like dictio-
naries, have warranted themselves necessary yet. The algo-
rithms in this sublayer are being redeveloped by Speer [14],
but the work I have seen so far seems to indicate that the Rea-
soning sublayer can rely entirely on the models provided by
the Parsing and Presentation sublayers with their respective
tool kits.

Remaining layers My work in porting ConceptNet is not
yet complete, though I consider it important to note that there
have been no major conceptual or technical setbacks. That
is, with CSAMOA in mind, the porting of ConceptNet has
proven to be a straightforward engineering effort thus far, re-
quiring only additional time.

FUTURE DIRECTIONS

As the experiment described in this paper is not complete,
I plan on finishing the transformation of ConceptNet into
the CSAMOA model, using GOOSE [8] (the goal-oriented
search engine assistant) or Empathy Buddy [7] (the common-
sense-driven affect-sensing system) for the Application layer.
CSAMOA should be further evaluated with the reimplemen-
tation of LifeNet or EventNet as alternative Representation
layers, probably with Markov matrices instead of semantic
networks.

While CSAMOA is not an API that can naturally trans-
late OMCS sentences to and from another KR, like CycL,
CSAMOA as a model of architecture can facilitate the devel-
opment of applications that use multiple underlying KR in
tandem-this is an interesting potential future direction.

I would also like to seriously consider changing the name of
the Representation layer to be the “Interpretation” layer, so
as to reduce the possibility of confusion with the meaning of
“representation” in the term KR as used in [2].

CONCLUSIONS

CSAMOA, though not fully tested at this time, is demon-
strating great potential as a software architecture for com-
mon sense applications. It was designed with the approach
to the OSI Model, a historically significant example of good
engineering, as a basis of design, and an ongoing reimple-
mentation of ConceptNet appears to be benefiting from this
decision.

It remains difficult to measure the successfulness of
CSAMOA as a taxonomy for common sense software com-
ponents, though the naming of various components of Con-
ceptNet, LifeNet, and EventNet has felt natural in the devel-
opment of this project.
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