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Description logic-based configuration applications
have been used within AT&T since 1990 to process over
two and a half billion dollars worth of orders. While this
family of applications[5] has widely acknowledged impor-
tance, 1t 1s difficult to use for pedagogical purposes since
the typical product configured is a highly interconnected,
complicated technical piece of equipment like the DACS
IV-2000.! We have developed a smaller—scale configura-
tion application that has analogous reasoning processes
but a more approachable domain—that of building home
theater systems. This application provides a platform for
explaining how Description Logic-based Systems (DLss)
work—in our case the CLASSIC knowledge representation
system[1]-and how they can support industrial applica-
tions like configuration.

Crassic? is an object—centered representation and
reasoning tool with a formal foundation in description
logic. Crassic and many DLSs are particularly well
suited for applications in areas like configuration that
must

1. encode rich class and object descriptions;

2. provide active inference (such as automatic classi-
fication of classes and objects into a generalization
hierarchy, rule firing and maintenance, inheritance,
propagation, etc.);

3. explain the reasoning process;

4. handle an incomplete and incrementally evolving
knowledge base; and

5. handle errors in a way that keeps the knowledge base
consistent, but also provides useful information to
the user.

We will provide some examples in our domain that illus-
trate each of these areas.

Class and object descriptions: Asin any applica-
tion, we need a domain ontology in which to work. Our
home theater application contains a knowledge base in-
cluding a concept taxonomy and instance descriptions.

'DACS IV-2000 is a digital cross—connect system that
processes digitized signals for some US standard transmission
rates.

2CLassIC is freely available for academic purposes, and
commercially available for other purposes. It has been dis-
tributed to over 85 universities and is in use in many internal
projects within AT&T.
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The knowledge base was created by working with an ex-
pert in the domain. The database of instance informa-
tion was also hand—compiled for this small application;
however, in other applications that work with changing
instance information, automatic translation routines pe-
riodically access databases and then update the knowl-
edge base[3]. The terminological knowledge base con-
tains definitional information concerning classes as well
as rules. We worked directly with an expert to ob-
tain these rules, but in our larger applications of this
sort[5], system builders begin with preexisting rule spec-
ifications and use a rule translator to generate CLAS-
sic rules. Rules in this application fall into two classes:
both hard and fast electrical rules (for example, a re-
ceiver must have an A /B switch in order to support sec-
ondary main speakers), and “rules of thumb” (for exam-
ple, home theater systems do not have more than one TV
or two VCRs). All products configured by the knowledge
base must abide by the hard and fast electrical rules, and
products configured following our “guidance” also follow
the rules of thumb. If crassic supported defaults, the
rules associated with guided stereo systems would have
been defaults.

Active inference: The home theater application
uses CLASSIC to provide active inference after the inter-
face has guided the user through a few simple questions.
We assume that people want to build audio only, home
theater only, or combination audio/video systems and
that they usually have a price range in mind. Thus, we
ask which type of system they want, and what quality
they are willing to pay for. With these two inputs, the
application uses cLASSIC to ask follow up questions as
appropriate and to produce a complete (abstract) de-
scription of a consistent product.

For example, imagine that the user chooses a combi-
nation system, but does not specify a particular level of
quality. crLassic deduces that the target system must
have main speakers, a VCR, and a TV. Since all stereo
systems should have some kind of preamplifier and am-
plifier, and the choice of an unspecified combination sys-
tem does not imply anything about them, the user is
asked to decide whether she wants seperate amplifier
components or a receiver (which includes an amplifier,
preamplifier and a tuner). Because there is no pricing in-
formation, CLASSIC 1s unable to infer more components.
The information that cLASSIC is given and has deduced
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Figure 1: The crassic Home Entertainment Configuration System. The window has four major areas. The
first (upper left) is a components pane, with icons representing all the kinds of components that cLassic knows about.
Clicking on one of these icons adds a component of that type to the stereo system under construction. The second
area (upper right) is the living room pane, where all the components that have been added to the stereo system
(either directly by the user or by cLAsSSIC’s inferences) are presented graphically. There are also icons representing
the stereo system itself as well as important concepts of which it is an instance (e.g. High Quality System).
Clicking an icon allows the user to add, remove or display information about the object that icon represents. An
icon with a small square in its upper right-hand corner is required. The third area (lower left) is the display pane.
Information about components, pricing information and explanations are displayed here. The final area (lower right)
is the error pane. Icons representing objects that have caused errors are displayed here. Clicking on one of these
icons allows the user to display or explain information about that object.
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System-61 ->
Derived Information:
Primitive ancestors:
GUIDED-STEREQ-SYSTEM HOME-THEATER-SYSTEM
AUDIO-SYSTEM
Parends: COMBINATION-SYSTEM CUIDED-STEREO-SYSTEM

Figure 2: Selected information about the stereo
system being created. Thus far, all we really know
about the system is that it is a combination audio and
home theater system and that it is following our expert’s
rules of thumb.

is presented graphically (see Figure 1).

CLASSIC calculates the deductive closure of the infor-
mation provided. The user can view the completed in-
formation on any component just by clicking on its icon.
The user can also view properties of the whole system
by clicking on a special stereo system icon. Because she
has chosen an unspecified stereo system, if she clicks on
it, she will not see much that she does not already know:
this is a guided combination system (see Figure 2)3.

This changes, however, once she adds some informa-
tion. For example, deciding that she is willing to spend
at least $8000 on her dream system not only makes the
salesperson happy, but allows cLaAssic to deduce that
she wants a high—quality combination system. CLASSIC
then infers that her system must have in addition to
its main speakers, a pair of surround speakers, a center
speaker and a subwoofer. As is often the case, providing
information about the system as a whole implies prop-
erties of individual components. Clicking on the icon for
the preamplifier, for example, reveals that, among other
things, it must have a list price of at least $600 (see
Figure 3).

Explanation: cLassIC can justify all of its beliefs[2].
Not only can the user view any piece of information, she
can also have any deduction explained. In our exam-
ple, if the user asks how the preamplifier acquired its
price restriction, she learns that a rule fired that says
that high—quality systems must have high—quality com-
ponents, which for preamplifiers enforces a minimum
price of $600 (see Figure 4). The explanation facility
can also answer other questions such as why one object
does or does not “subsume” (is or is not more general
than) another object, why a rule fired on an object, or
why an error occurred. Inferences can also have tem-

Scrassic actually infers far more about the object; how-
ever, CLASSIC is able to prune “uninteresting” display infor-
mation. For example, in this application components have
information associated with them that describe how they
should be displayed. Displaying these implementation details
would only be confusing.
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Derived Information:
Primitive ancestors: FREEAMPLIFIER
Parents: AV-PREAMPLIFIER
Role Fillers and Restrictions:
Price =3

mterval: [»= 600]

Figure 3: Information propagation. After adding a
price restriction to the stereo system, cLAssIC deduces
that it is a high—quality system. Since it is also guided by
our expert’s rules of thumb, this propagates pricing in-
formation to all of the components, including the pream-
plifier.

plates associated with them that may be used to present
explanations in terms that are acceptable to the user.

Incomplete and evolving knowledge bases: As
was the case with specifying a minimum price for the
stereo system, crLassic allows continual refinement of
(and changes to) its knowledge base. In addition to spec-
ifying price information, a user might also “instantiate”
a component description by choosing a particular make
and model. Since the system must be consistent, the in-
terface will only generate choices that appear to satisfy
all constraints that cLAsSIC has derived about the com-
ponent (by using the specification of the component as
a query to the database of individuals).

It is worth stressing that adding information to the
system or to any of its components can have many im-
plications. For example, choosing a particular tuner of-
ten allows CLASSIC to instantiate the preamplifier (see
Figure 5).

Errors: Although crassic and the application min-
imize the places where a user can make an error, errors
can still occur. The application does not ask CLASSIC to
precalculate all possible consequences of a given choice.
The user could make a choice which would cause a rule
to fire that would then cause a propagation of some in-
consistent information. In our example, the user already
has a TV and, as it turns out, systems under our guid-
ance may only have at most one TV. So, attempting to
add another one generates an error. CLASSIC does not
allow the knowledge base to be in an inconsistent state,
so it will roll back the knowledge base to the previous
consistent state, meanwhile saving copies of all the indi-
viduals that led to the error, in their inconsistent states.
If the user asks crLassic for an explanation of the error,
CLASSIC can access the inconsistent state information to
generate an explanation (see Figure 6).

Additional functionality: In addition to instanti-
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The price on the preamplifier must he
at least 600
because of
the HIGH-COME-PREAMP rule,
which says that a high-quality system's
preamplifier should cost =600

Figure 4: Explaining new information. CLASSIC is
capable of explaining all of its inferences. Above, the
preamplifier’s price restriction is the result of a particular
rule about high-quality stereo systems.

ating components and adding new components, the user
may also delete a requirement on the system. In this
case, any deductions that were made as a result of this
requirement are removed from the specification. If the
user is not familiar with different types of stereo equip-
ment, she may wish to trust our expert, and build a
system starting with one of the example systems, where
all the components are known to work well together. She
can then refine this system according to her needs, re-
questing alternative makes and models to the ones cho-
sen, and adding and removing components. When the
user has finished refining the system to her satisfaction,
she can ask the application to complete the specifica-
tion for her. The application will then choose consistent
makes and models for all the components she has left
unspecified. She can then view a parts list, after which
she might want to ship the order off to the factory (see
Figure 7).

Discussion: We feel that description logic-based
technology is particularly well matched to this style of
configuration problem for several reasons. First, the ap-
plication is fairly logical (not heuristic) so we would ei-
ther have to implement the logic in a programming lan-
guage or start with a tool like ¢LAssIC that incorporates
a formal logic. Second, this domain is naturally hierar-
chical and rule information is appropriate at many dif-
ferent levels of the taxonomy. DLSs support hierarchical
rules instead of using a more traditional, flat rule-based
approach. This may simplify knowledge engineering and
maintenance[4]. cLASSIC rules can be simpler because
they only need to contain content appropriate to a cer-
tain level of concept in the hierarchy, and they do not
need to contain any control information. Finally, the
application naturally incorporates many different types
of inference; a few of which include: inheritance, prop-
agation, bounds constraints, and rules. These can be
encoded directly in DLSs instead of needing to be para-
phrased into rules. Possibly more importantly, explana-
tions of the reasoning process may be in terms of the
naturally occurring inferences.

This home theater system is a simple example of a
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Figure 5: More information propagation. Choosing
a particular tuner causes CLASSIC to deduce a matching
preamplifier. Notice that instantiated components are
distinguished from non-instantiated ones in that instan-
tiated components have “real” pictures associated with
them while uninstanitated components only have icons.
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This system has 2 tws,
but it cannot have more than 1 tw,
because it is a GUIDED-STERED-SYSTEM

Figure 6: Errors. Adding another TV, while having
a certain appeal, 1s not allowed by the system because
guided stereo systems can have at most one TV. The
offending object 1s placed in the error pane where it is
available to be inspected and explained.

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

family of applications where a description logic-based
platform is used to implement standard configuration
tasks and provide the basis for additional functionalities.
The deployed applications built on this design have pro-
vided many advantages including decreased order pro-
cessing intervals (facilitating hypothetical configuration
evaluations, which were previously infeasible), reduc-
tions in personnel required to maintain product informa-
tion, accurate and up—to—date pricing for sales quotes,
elimination of duplication in databases, and identifica-
tion of incompatible knowledge.
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