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a tech portfolio 

801 S = Make a tech portfolio 

- - - tech portfolio. 
\-T INC 

Task A - create a portfolio Task B - select a set of technology stocks 

Domain Planner rule: orders the operations, creates result pipeline 

Result(nominal filter(?names = "technology stocks") AND create portfolio()) 
=> CreatePortfolio(NominalFilter (?names = "technology stocks",?params=<defaults>) 
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Simplified Strength/Necessity Belief Calculus 

x - coffee if —- " 
2X is in a mug (s = .2; n = 0) 
2X is a hot liquid (s = 4; n = 0) 
X is brown (s = 6; n = .97) 
2X is not tea (s = .3; n = 1) 

S = Strength; N = Necessity; B = Belief; D = Disbelief; 
P = Belief measure of premise (input) 

Belief Evaluation Recurrence Formulae : 

B- B+ (1- B.) sk S* Px+1 s with B = 0 1603 
D+1= D+ (1-D)* N* (1-P+1) with D = 0 
Conclusion - B, * (1 - D); 

Example A. B = 0.8656, 
given all 4 preconditions known to be true with absolute certainty. 

Example B. B = 0.7648, D = 0.485, 
Conclusion = 0.393872, 

given that we are only 50% sure that the liquid is brown, but are 
convinced of all other facts (e.g. because the light is very dim....) 
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Bayesian Belief Calculus - 

Bayes's rule states that: 

p(AB) = Prob of event A, given event B 
= (p(A) * p(BA)) / p(B) 

If we know the probabilities B; for every way that A may be realized, we may 
write: 

Which allows a straightforward way to compute likelihood, when all 
possibilities are accounted for. 

We can construct networks which relate Bayesian likelihood to various conditions. 
For example, consider the case where we are given 

p(D) = probability of planning for retirement = 0.2, and 
p(MD) = probability of asking about mutual Funds, given D, F 0.7. 

Now we can construct a graph of probabilistic influences that can be inferred: 

" " --O 

root Oostas 
This mechanism can be used to connect the probabilities of various plans 
and alternatives, and to infer likely plans from various communications. 
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1. 

INTELLIGENT PORTAL ENGINE 

This application claims the benefit of co-pending U.S. 
Provisional Application 60/221,976, filed Jul. 31, 2000. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to user interfaces and to 
systems accessible via computer mediation, particularly to a 
multimodal interface to a particular domain or a composition 
of domains or sub-domains. By multimodal, we mean any 
means of conveying user input to the computer, and any 
means of informing the user of facts and results that ensue 
from his interaction. By domains, and Sub-domains, we 
mean a cohesive region of discourse and activity. For 
instance, “financial planning is a potential domain, and 
“investment portfolio analysis” is a sub-domain in the 
“financial planning domain. Obviously, a sub-domain can, 
potentially, Support more than one domain, and typically 
each domain is comprised of several Sub-domains. Also, 
Sub-domains may be cascaded, recursively, to any level of 
specificity. A typical commercial use of this technology 
would be to provide a better user interface to the services 
and knowledge available via the Internet. Another typical 
use would be to interact with applications on a personal 
computer. A third typical use would be to query and control 
a large, complex system, Such as a chemical plant, especially 
in time of emergency, when normal modes of interaction are 
too slow to be effective. 

BACKGROUND OF THE INVENTION 

Users of computer-mediated resources always have par 
ticular goals when accessing those resources. The goals may 
be sharp (learn address of company) or fuZZy (be enter 
tained) may be temporary (find a restaurant) or persistent 
(achieve and maintain financial independence), and may 
consist of multiple related or independent Sub-goals. Con 
structing accurate models of a user's goals is a critical 
prerequisite to providing intelligent interaction with that 
user. Unfortunately, there is no monolithic, domain-inde 
pendent body of knowledge that can accurately supply 
enough information concerning likely user mental states, to 
make a universal interface practical. In fact, every new 
capability that becomes available modifies the set of poten 
tial goals, plans, and tasks that is relevant to discourse. 
Consequently, a static set of models can never be satisfac 
tory for long. User goals with respect to a given domain are 
tightly related to tasks that may be accomplished in that 
domain and to the referents or objects of those tasks. Thus, 
an ideal system would utilize domain-specific (or Sub 
domain-specific) information to infer the user's mental state 
from his interaction, and would support easy addition of 
Such information to an existing interface. Additionally, to be 
helpful, a user interface must consider the history of inter 
action, including previous user signals, goals and their 
outcomes, and must consider the information that was 
recently disclosed to the user, and the various ways of 
referring to that information. While the invention is appli 
cable to all forms of human/computer communication, the 
main theoretical underpinnings are to be found in Verbal 
discourse phenomena. Most of the following description 
refers to verbal discourse, but the invention contemplates 
applicability to virtually all non-verbal discourse as well, 
including mouse-actions, gestures, winks, etc. Similarly, 
system outputs are shown as text, tables, and graphs, but call 
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2 
also include generated speech, audible tones, blinking lights, 
and arbitrary transducers that stimulate sensory organs of the 
USC. 

Few previous computer interface systems have attempted 
to deduce user goals and intent, as this is a very difficult task 
requiring a Sophisticated representations of the domain of 
discourse, the user, and the way that language is used for the 
given domain. Additionally, most systems are forced to 
ignore the context of interactions, as they do not provide a 
full representation of the user's previous communications, 
and of the information that resulted from prior interaction. 
Another area that other systems have neglected is that of 
providing users with a visual depiction of the reasoning 
which takes place as their communications are analyzed and 
interpreted. Such a visual depiction provides useful feed 
back for users, while simultaneously giving them an oppor 
tunity to fine-tune the systems understanding by directly 
reinforcing or disputing a particular assumption. No other 
invention disclosed to date has applied the full capability of 
multilevel discourse modeling to multimodal inputs, or 
created multimedia responses consistent and appropriate to 
the full spectrum of user interests and system capabilities. 

Several patents have addressed the meaning of text in 
human-computer discourse. For example, U.S. Pat. No. 
5.255.386 to Prager presents a method and apparatus for 
intelligent help that matches the semantic similarity of the 
inferred intent, one of the few systems that attempts to 
consider user intent. The system is directed to a single and 
limited arena of providing help for users of computer 
systems. U.S. Pat. No. 5.255.386 omits a facility for domain 
modeling, discloses no way for composing domain knowl 
edge, and provides no means capturing and generalizing 
previous or expert interactions. Prager's disclosure describes 
only a single, limited weighting scheme to infer best 
matches of potential meanings, while the invention we 
describe can exploit any appropriate combination of belief 
calculus methods to calculate the user's likely intent. 

U.S. Pat. No. 6,009,459, to Belfiore, et al. describes an 
intelligent automatic Searching for resources in a distributed 
environment and mentions “determining the meaning of 
text in several different areas. However, the specification 
discloses no mechanism to represent the potential goals and 
intentions of a user, and describes only a Surface-level 
Syntactic analysis of the user's text, rendering the system 
incapable of exhibiting intelligent behavior. 

U.S. Pat. No. 6,178,398 to Peterson, et al. discloses a 
method, device and system for noise-tolerant language 
understanding. This reference also mentions determination 
of “meanings” from input text, but is directed at correction 
of ill-formed input via a match function induced by machine 
learning techniques. However, Peterson uses no explicit 
domain or user model. 

U.S. Pat. No. 6,006,221 to Liddy, et al. provides a 
multilingual document retrieval system and method using 
semantic vector matching, but the representation of domain 
knowledge in this case is merely a correlation matrix which 
stores the relative frequency with which given pairs of terms 
or concepts are used together. Also, no attempt is made to 
understand the unique context of the user, beyond knowing 
which language (e.g. English V. French) he or she is using. 

Another aspect of the present invention is the language 
used in human-computer discourse behavior which several 
patents have addressed. For instance, U.S. Pat. No. 4,974, 
191 to Amirghodsi, et al. disclose an adaptive natural 
language computer interface system that uses cryptographic 
techniques, as well as heuristics, to map users input into the 
language used to control a computer program or robotic 
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system. The system fails to achieve the requisite robustness 
because it is attempting to match the Surface aspects of input 
language to output language, with no attempt to represent 
the meaning of the communication or the intentions of the 
USC. 

U.S. Pat. No. 5,682,539 to Conrad, et al. provides an 
anticipated meaning natural language interface, which is 
used to add a natural language interface to a computer 
application. The system provides no mechanism for model 
ing the user or the domain (beyond that of the particular 
application) So it cannot be used for the broad range of tasks 
that users wish to accomplish. 

U.S. Pat. No. 5,870,701 to Wachtel describes a control 
signal processing method and apparatus having natural 
language interfacing capabilities. However, Wachtel only 
describes the facility to represent the surface parse of natural 
language input; it does not represent or consider the meaning 
or intention of the user who communicated that input. 

U.S. Pat. No. 5,987,404 to Della Pietra, et al. recounts a 
statistical natural language understanding using hidden 
clumpings. U.S. Pat. No. 404 uses any of a variety of 
statistical models to learn the likely meaning of language 
from examples. However, the Della Pietra system has no 
way of relating those mappings to a model of the user, his 
thoughts and intentions, and to the communications peculiar 
to a given domain, or to the recent history of discourse. 

U.S. Pat. No. 6,081,774 to de Hita, et al. discloses a 
natural language information retrieval system and method 
that consists mainly of a database to permit parsing of terms 
that are not easily recognized by simple morphological 
analysis and dictionary lookup. However, it includes no 
mechanism for representing domain knowledge, discourse 
plans and goals, or (conversational) problem-solving 
approaches, nor any way to compose multiple domain 
knowledge sources into a single repository. Thus, it does not 
enable or use prerequisite information to accurately assess 
the goals, intentions and meanings of users. 

Recently, U.S. Pat. No. 6,138,100 to Dutton, et al., 
discloses a voice-activated connection which parses very 
limited verbal commands, but does not include a model of 
user's possible goals in a domain, or mention any mecha 
nism to create such an explicit representation. Without Such 
representation, and the capability of drawing inferences 
about user intentions, the system will never be capable of 
behaving as if it understands natural language queries and 
Statements 

U.S. Pat. No. 6, 192,338 to Haszto, et al. described natural 
language knowledge servers as network resources, an inven 
tion which acts as an intermediary between the user and 
various web resources. This system Supports some distribu 
tion of the knowledge used in interpreting the user's 
requests, but lacks a model of the user, his goals, or 
intentions. The system also lacks a model of the domain 
which is independent of the particular web servers with 
which it communicates. Because of this deficiency, the 
system is unable to understand requests that span multiple 
web servers, or to accomplish the tasks that will satisfy such 
requests. 
An additional feature of the present invention is its 

multimodal capabilities. In the present context, multimodal 
refers to any means of conveying user input to the computer, 
and any means of informing the user of facts and results that 
ensue form his interaction. Several inventions have explored 
limited multimodal interactions with limited Success com 
pared with the present invention. For example, U.S. Pat. No. 
5,748,841 to Morin, et al. describes a supervised contextual 
language acquisition system, which is aimed at teaching a 
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4 
user the application-specific language of a particular com 
puter application, rather than generalized understanding and 
fulfillment of user requests in a broad domain. The system 
uses some historical model of the user and accepts a limited 
Subset of natural language input, but lacks a model of the 
goals that a user might possess, the mapping of those goals 
to language, or to the concepts that can be referred to in a 
domain, beyond the strict limits of a single software appli 
cation. 

U.S. Pat. No. 5,781,179 to Nakajima, et al. presents a 
multimodal information inputting method and apparatus for 
embodying the same, and describes a scheme for correlating 
the actions of a user-directed cursor to language that is 
spoken concurrently. Nakajima does not, however, include 
any method for understanding the meaning and intentions of 
the user. 

U.S. Pat. No. 5,748,974 to Johnson describes a multimo 
dal natural language interface for cross-application tasks. 
However, this reference focuses primarily on spoken, typed 
or handwritten communications from users, and lacks any 
deep model of discourse and similarly lacks a domain model 
beyond the Application Programmer Interfaces (APIs) of 
various programs the user might want to control. 

In addition to the cited references, there has been research 
conducted in this area and several published works. For 
example, An architecture for a generic dialogue shell, by 
Allen, et al. proposed “generic dialogue shell” which has 
design goals similar to those of the current invention. One 
weakness of Allen's shell is that the knowledge about a 
particular domain and the language, concepts, potential 
tasks, and constraints of that domain are separated from the 
modules that weigh particular interpretations of user utter 
ances. This approach renders it impossible to maintain the 
requisite modularity among different facets of functionality 
and language. Additionally, Allen's shell offers no Support 
for modalities other than speech, and lacks a model of the 
traits of the user with respect to particular domains or 
sub-domains. Another shortcoming of Allen's shell is that 
there is no provision to use a variety of belief-calculus 
techniques to determine the most appropriate interpretations 
or the style of reasoning about a given domain. Thus, 
potential interpretations within that domain is not an inde 
pendent quality that can be delegated to some generic parser 
or discourse manager. Another useful innovation that Allen's 
architecture lacks is the ability to determine the appropri 
ateness of an interpretation by actually performing it. In 
many cases, this “trial by execution' approach can resolve 
ambiguity quickly and accurately. 

Cyc: A Large-Scale Investment in Knowledge Infrastruc 
ture, a work by Lenat, takes a widely differing approach, and 
may, at Some point become a complementary technology. 
The Lenat work consists of the CYC knowledgebase, which 
is an effort to construct enough of the concepts and relations 
about commonly encountered domains, to perform what is 
termed “commonsense reasoning or reasoning which is 
NOT confined to a particular domain or sub-domain. The 
CYC effort has been accumulating and encoding knowledge 
for about sixteen years, and may, eventually, offer a practical 
framework for accessing multi-domain functionality. It is 
clear that the availability and success of the CYC knowl 
edgebase would ultimately broaden the area of applicability 
of the current invention, as portions of CYC could be 
accessed through the World Model Agency of the current 
invention, and that knowledge could help the discourse 
planner to reason about plausible user goals and intentions. 

Therefore, while several attempts have been made at 
creating computer interface systems, few have attempted to 
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deduce user goals and intent. Therefore, there remains a 
need for a system that deduces user goals and intent while 
providing a full representation of the user's previous com 
munications, the information that resulted from prior inter 
action, as well as a visual depiction of the reasoning which 5 
takes place as their communications are analyzed and inter 
preted. None of the prior art has disclosed an invention that 
fully exploits discourse modeling and flexible inference of 
users beliefs, intentions and goals to achieve appropriate 
interpretations of multimodal inputs or to organize output 
signals in a way appropriate to a user's history and prefer 
CCCS. 

BRIEF SUMMARY OF THE INVENTION 15 

The invention provides an integrated combination of 
several innovative aspects to aid users of computer-mediated 
resources, including: 

2O 
1. A standard way of modeling user goals, beliefs, assump 
tions, preferences, and changes of State with respect to a 
specific domain or composition of domains. 
2. A way of inferring a users goals, beliefs, assumptions, 
preferences, and changes of State incrementally from ele 
ments of discourse. 

25 

3. A method for composing ontological, lexical, grammati 
cal, idiomatic, and focusing information from several 
domains or sub-domains in order to provide interpretation of 
users input with respect to those domains. 

30 

4. A method dynamically maintaining a map of domain and 
domain transition adjacency, and using that map as an aid to 
plan-recognition and focus-recognition. 35 

5. A method for determining the likely meaning of ill-formed 
input, based on partial matches, plausible user intentions, 
discourse history, aggregated user models, and the domain 
adjacency map. 
6. A method for modeling discourse which is extensible to 40 
all modes of communication with users. 

7. A method for adapting the interactive capabilities of a 
system to a population of users, to Sub-populations of users, 
and to individual users. 45 

8. A means of providing simple, unambiguous references to 
complex items that are communicated from user to a com 
puter and from a computer to a user, by tagging each turn of 
discourse with number, time, entity, focus, medium, and a 
variety of attributes and their bindings. 50 
9. A means of communicating the Suppositions of a dis 
course system to a user, permitting the user to improve the 
performance of the system by signaling agreement or dis 
agreement with particular Suppositions, rating plans and 
actions by their danger or irreversibility, and using Such 
ratings to control the generation of paraphrases and requests 
for confirmation. 

55 

10. A means of making complex information from large, 
online sources more useful to users by displaying only the 
information that contributes to the goals they are trying to 
accomplish. 

60 

11. A means of capturing expert patterns of use, creating 
libraries, packages, and explanations of those patterns, and 
a way of transmitting expert behavior patterns to novice 
users, by portraying expert event sequences. 

65 

6 
12. A method for invoking several parse-related tasks con 
currently, in order to examine their feasibility and results, in 
order to derive the likely meaning of a user input. 
13. A method for constructing canonical paraphrases that 
reduces ambiguity by choosing terms and constructions 
unique to a given Sub-domain. 

Specifically, the present invention provides in a computer 
system having a processor, a memory unit, an input device 
and an output device, a method for deducing user goals and 
for executing at least one task to accomplish user goals. In 
one embodiment, the present invention provides a method 
comprising computer implemented steps of: (a) representing 
at least one of a user's goals, beliefs, assumptions, prefer 
ences, and changes of state with respect to a specific domain 
or composition of domains, (b) representing the tasks which 
may be accomplished in particular domains, and at least one 
of the vocabulary, idioms, or goals that correspond with 
those tasks, (c) representing human/system transactions in 
discourse between entities, (d) inferring at least one of users 
goals, beliefs, assumptions, preferences, and changes of 
state incrementally from elements of discourse, domain 
models, and results of previous interactions, (e) recognizing 
user input as an attempt to accomplish goals in one or more 
levels of discourse, (f) executing at least one task corre 
sponding to at least one user goal; and (g) optionally 
conveying related information to the user. 

In another embodiment, the present invention provides a 
human-computer interface system, comprising: (a) a means 
of representing at least one of user goals, beliefs, assump 
tions, preferences, and changes of State with respect to a 
specific domain or composition of domains, (b) a means of 
representing the tasks which may be accomplished in par 
ticular domains, and at least one of the Vocabulary, idioms, 
or goals that correspond with those tasks, (c) a means of 
representing human/system transactions in discourse 
between entities, (d) a means of inferring at least one of a 
users goals, beliefs, assumptions, preferences, and changes 
of state incrementally from at least one of elements of 
discourse, domain models, and results of previous interac 
tions, (e) a means of recognizing user input as an attempt to 
accomplish goals in one or more levels of discourse, (f) a 
means of executing at least one task corresponding to at least 
one user goal; and (g) a means of conveying related infor 
mation to the user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a high-level view of the system of the 
present invention. 

FIG. 2 shows the User Interface Agency, the Coordination 
Agency, and adjacent modules of the present invention. 

FIG. 3 depicts the propagation of lexical, grammatical, 
semantic, and model information from Sub-domain experts. 

FIG. 4 shows the exchange of language and model 
information among the User Interface Agency, Coordination 
Agency, and System Model. 
FIG.5 demonstrates the flow of control initialized by user 

actions to the Coordination Agency, and the flow of results 
back to the user interface. 

FIG. 6 demonstrates the flow of control and results among 
the Coordination Agency, Sub-domain experts, and the 
Information Adaptation Agents. 

FIG. 7 shows the flow of historical information and user 
parameters into the system model, and the resulting addition 
of new knowledge to the world model agency. 
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FIG. 8 shows a graph of the Tree Adjoined Grammar 
representation of an example sentence. 

FIG. 9 demonstrates a rule used to accomplish a task 
spanning two sub-domains. 

FIG. 10 demonstrates UI and system behavior for 
“I want a portfolio of 100 shares of IBM, CISCO, and 

DELL. 
FIG. 11 demonstrates UI and system behavior for 
"Drop that. Now make me a tech portfolio”. 
FIG. 12 demonstrates UI and system behavior for 
“Try it without that {gestures at 2000-07 

19.R2.Company=EDS”. 
FIG. 13 demonstrates UI and system behavior for 
“Can I see the risk profile'. 
FIG. 14 provides an example history excerpt from human/ 

system interaction. 
FIG. 15 shows an alternative assignment of functions to 

processors or clusters of processors. 
FIG. 16 shows an example of Simplified Strength/Neces 

sity Belief Calculus. 
FIG. 17 shows an example of Bayesian Network Belief 

Calculus. 
FIG. 18 shows a scripting example. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The core of this system consists of modules that model 
users beliefs, assumptions, state-changes, goals, plans, pref 
erences, and focus with respect to a core grammar and a 
composition of domain-specific referents, idioms, focusing 
clues, tasks and information sources. The system exploits 
the robustness and parallelism availed by recent software 
approaches to efficiently infer the user's goals and inten 
tions, aid in the attainment of those goals, and communicate 
results and informative comments effectively. 

First, the underlying technologies on which the system is 
built are described. Next, the design philosophy that is 
imbued in the architecture of the invention is described. 
Finally, the major components of the preferred embodiment 
of the system and the flow of information through the 
components are described. Once the system is described, 
several examples are provided showing system interaction. 
Throughout the description, user input, user signal, utter 
ance, user statement, etc. are used interchangeably. It is 
convenient to use these terms, even when we are regarding 
multimodal input. For instance, a user's rotating of the head 
in the horizontal plane has the same meaning as the utterance 
'no'. Thus, terminology common to verbal discourse is 
intended to apply also to non-verbal discourse. 
Several terms of art used in the description: 
ACL-Agent Communication Language—a communica 

tion scheme to transfer information among agents in a 
multi-agent system 

API—Applications Programming Interface 
KQML-Knowledge Query and Manipulation Language, 

an ACL 
FIPA Foundation for Intelligent Physical Agents—an 

other, more recent, ACL 
Markup Language—A scheme for annotating or structur 

ing a document, typically in human-readable form, but 
aimed primarily at Software parsers, rather than human 
readers 

XML-Extensible Markup Language—a markup lan 
guage intended to be a universal format for structuring 
information 
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8 
DOM Document Object Model—a platform and lan 

guage-neutral standard API for manipulating XML 
document trees 

TAG-Tree Adjoining Grammar—a grammar formalism 
that enables modular grammar development and effi 
cient parsing for natural languages 

XTAG leXicalized Tree Adjoining Grammar an 
implementation of the TAG formalism, combined with 
an associated parser, developed by the researchers at 
the University of Pennsylvania. 

Intelligent Portal Engine (IPE) the current invention 
In constructing the system of the present invention, a 

number of recently developed software approaches were 
used. To achieve robustness and scalability (improved per 
formance via parallel processing) a multi-agent system 
approach to distributing the knowledge and the tasks 
required of the system was used. In particular, the present 
system uses the DECAF (Distributed, Environment-Cen 
tered Agent Framework) system, which provides built-in 
Support for high-level modeling of complex agencies, for 
rapid development and modification of agent systems, and 
for monitoring and debugging the resulting software con 
structs. Agents within the DECAF system communicate via 
KQML or FIPA messages, which allows interoperability 
with many other agent-system architectures. Particular 
strengths of DECAF include its support for coordination 
among agents, for expressing agent plans, and for schedul 
ing agent tasks. Throughout the description of the invention, 
when an agent or agency of a particular type is mentioned, 
it should be understood that it is not the only such agent or 
agency in the system. Duplicates or work-a-likes may be 
invoked to gain speed via parallel processing capabilities 
and to gain robustness in the event that some particular 
Subsystem were to fail to respond quickly. 
To represent domain-specific and general meta-knowl 

edge, and to Support queries from multiple agents, the 
present invention incorporates an ontology server technol 
ogy that associates a session context with each respondent, 
and uses backward chaining (horn clause) and forward 
chaining rules to deduce facts implicit in the knowledge 
base. This system is augmented with probabilistic certainty 
factors, to express facts that are not completely known, and 
with the ability to represent hypothetical conditions. 
To represent both the core language and domain specific 

language, the system uses a lexicalized tree-adjoining gram 
mar (LTAG) approach, similar to the XTAG system devel 
oped at the University of Pennsylvania. This approach 
provides efficient parsing of natural language, a well-con 
sidered and well-tested core grammar, and extensibility to 
new domains and idioms. 

Finally, the present invention exploits machine learning 
techniques in two areas. The first application of machine 
learning techniques is in determining the confidence factors 
for various interpretations of inputs. Initially, system design 
ers participate in a Supervised training session wherein they 
ascribe different a priori probabilities to various possible 
interpretations of input that correspond to Sub-domain tasks. 
The machine learning system creates a model that predicts 
the (human-rated) probability of a given assignment of 
features from a parse. These probabilities become part of the 
default model for disambiguating alternative parses of a 
given input. When new Sub-domain capabilities become 
available, new example sentences and sentence fragments 
are introduced to update the system's probabilistic parse 
model. In a second instance of machine learning, the inven 
tion exploits an unsupervised learning approach to concept 
clustering in order to build a representation of concept 
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adjacency in the user focus. This map helps the system to 
recognize commonly related tasks and plans that may be 
unique to the user. 

The design philosophy of the present invention and pri 
mary design goal is to provide a system that satisfies the 
user's goals, over a large array of potential goals, without 
requiring that the user provide complete or formal state 
ments or indications of his goal. As a convention, we 
determine a single interpretation of the users utterance, and 
execute the tasks that are indicated by that interpretation. By 
taking this approach, the system encourage users to use 
signals that are clear indicators of their intent. Thus, not only 
does the system learn from the user, the user learns to 
communicate effectively with the system. This system and 
method permits the user to pursue more than one goal at a 
time, to change the goal or focus within a goal. 
A major design criterion of the system is the minimization 

of the information that a user must understand and provide 
in order to achieve his goals. For instance, in Some cases, 
one could directly ask a user for information, rather than 
seeking to infer it from known plans, goals and context. The 
present system generally avoids this kind of required clari 
fication unless the actions of any applicable plan have 
dangerous and/or irreversible consequences. Consistent with 
this approach, the system does not provide the user with an 
array of all of the potential interpretations of their inputs. 
Instead, the system always chooses one interpretation as the 
most likely meaning and offers that meaning back in a 
paraphrase to permit the user to observe the interpretation of 
his statement. Finally, with regard to “information over 
load’, the present invention permits the user to set accept 
able levels of verbosity in the system. A new user may want 
to see a paraphrase of every interaction, and to see every 
assumption that the system is making, both because he is 
uncertain about the systems ability to understand him, and 
because he seeks to learn which defaults the system assumes 
when personalized information is unavailable. An advanced 
user may only be interested in a paraphrase for an important, 
dangerous, or irreversible action, and may be confident that 
all of the important parameters used by the system are drawn 
from his profile. In a preferred embodiment, the invention 
uses a seven-element scale in this and many other parts of 
the user's profile: {Off/Zero, very low, low, medium, high, 
very high, and ON/Total}. Other scaling approaches can be 
used in alternative embodiments, including arbitrary 
numeric scales, such as a continuous scale from 0 to 1. 
The invention architecture is predicated on an extension 

to the tripartite discourse model, which recognizes a dis 
tinction between discourse goals, problem-solving goals, 
and domain goals. This model permits incremental inference 
of likely user goals, beliefs, and plans throughout the 
discourse. Discourse level plans are directed at obtaining a 
goal via one or more rounds of communication with a 
(human or software) agent. These hierarchical, conditional, 
plans expect that agents will exchange information to intro 
duce beliefs that cause actions that culminate in the accom 
plishment of some goal. Problem-solving goals are Sub 
goals that must be accomplished to achieve the larger 
domain goal. For instance, to obtain enough money for 
retirement (a domain goal), a user may ask for information 
about the financial performance of various investments, to 
satisfy the problem-solving goal of determining which of 
those investments is appropriate for him. At the discourse 
level, the same user might ask, “Can you tell me which 
investments are good for a retirement account?” The user 
intends that this speech act will cause his respondent to (a) 
believe that the user wants to be informed of those invest 
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10 
ments, and (b) that, as a consequence, the respondent should 
form a plan to inform the user of those investments, though 
the Surface interpretation appears to be asking if the respon 
dent is capable of providing Such knowledge. It should be 
noted that the system architecture actually supports an 
N-partite model, as the agency responsible for much of the 
planning and plan representation is defined recursively. 
Should more elaborate planning schemes be required for 
some domain, the architecture of the preferred embodiment 
will support them. 
The present system architecture Supports a distribution of 

knowledge sources, so that it may be maintained by people 
familiar with the particular domain or Sub-domain in ques 
tion. At every opportunity, rather than transmitting a par 
ticular cluster of facts, the availability and location of such 
a cluster is transmitted, so duplication of knowledge can be 
postponed until it is needed. Aligned with this approach, 
each knowledge base Supports an auto-loaded, cached style 
of fact maintenance, Supported by periodic flushing of 
non-local knowledge. 
Many of the central modules of the invention contain 

“mender” modules, such as the Input Mender, Discourse 
Mender, Plan Mender, Solution Mender, and Result Mender. 
These modules allow for arbitrary identification of specific 
error states and conditions, and for heuristic remediation of 
those states. Conceptually, this rule-based approach allows 
graceful degradation of system behavior when anomalous 
States OCCur. 

Throughout the illustrative figures, arrows depicting 
information flow within in the preferred embodiment rep 
resent agent to agent conversations accomplished via 
KQML messages, which have the general structure: 

(<performatives 
: sender <sender ide 
:receiver <receiver ide 
:reply-with <reply with target ide 
:in-reply-to <reply to target id> 
:language <the language assumed in the content field> 
:ontology <the ontology assumed in the content field> 
:content (<content of messaged)) 

A typical message within the system might be: 
(ask-one 
:Sender Sub-domain-agent-manager 
:receiver Stock-price-expert 
:reply-with 147 
:in-reply-to null 
:language scheme 
:ontology stock-world 
:content (price-of (stock-symbol-of “Lucent') “NYSE 

“closing))) 

Which asks for Lucent’s price at the most recent closing of 
the New York Stock Exchange. 

It should be noted that the same information and requests 
might be communicated via other messaging and represen 
tation systems, such as FIPA messages, or XML/DOM 
representation. Another convention used in the figures is that 
chevrons represent LTAG fragments while the use of par 
allelograms represent plan libraries. For a given Sub-domain 
expert, the library includes plan operators for every capa 
bility that expert is capable of providing. These operators 
may include preconditions, parameters, descriptions, goals, 
and a specification of the way that Success or failure should 
influence the belief system. For instance, a failure to find the 
Stock Exchange symbol for a company may allow one to 
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conclude that it is not actively traded, and may indicate that 
it should not be included in a portfolio that is re-balanced 
periodically. 

FIG. 1 refers to a high-level view of the entire system of 
the present invention. As indicated, all user inputs 101, are 
communicated through the User Interface Agency 102. This 
multi-agent group parses the input, passes the meaning to the 
Coordination Agent 104, uses and updates the system model 
103, and communicates information back to the user at 101. 
The Coordination Agent 104 determines which capabilities 
and actions among various sub-domain experts (105,106), 
will accomplish the current plan(s), what information must 
flow among those agents, what must be communicated back 
to the user, and causes appropriate tasks to be executed. It 
monitors the results, and transmits them to 102 as logical 
propositions and objects for discourse, such as graphs and 
tables. Each Sub-domain Expert (105,106), communicates 
with one or more Information Adaptation Agents (107.108) 
to accomplish a particular Sub-domain task. An Information 
Adaptation Agent, such as 107, provides a “wrapper around 
Some area of functionality. For instance, the existing func 
tionality may be a web page which contains recent stock 
quotes. The Information Adaptation Agent would transform 
those quotes into facts of the correct form embedded in 
messages bound for the Sub-domain expert. Since some 
Existing Information Portals 109 and Existing Capabilities 
and Services 110 might change over time, 107 and 108 must 
monitor those resources, and develop new mappings when 
necessary. Sub-domain Knowledge Bases (111,112) hold 
relationships and facts relevant to a particular area and 
associated tasks. For example, the financial information 
Sub-domain Knowledge Base contains an axiom that a 
widely traded company has a stock exchange symbol, and 
that to determine the price of a share of stock in a given 
company, that stock exchange symbol must be used as an 
identifier. The information from (111, 112) is available 
directly to (105, 106), and indirectly to (104,102, and 103) 
thereby propagating “as needed through that network. The 
Sub-Domain compendium 113 is a recursive counterpart to 
the top-level Domain Compendium (modules 104 through 
113), indicating that the same structure and behavior might 
be used to accomplish tasks in a given Sub-domain. A 
time-stamped, tagged, annotated history of all system inter 
action with the user, along with each interaction result, parse 
information, and the defaults and assumptions employed in 
the interpretation is passed to the Profile Agent 215 of 
module 103. Some of this information is transformed to new 
facts, and sent to into the World Model Agency, which 
implements a distributed knowledge base front end and 
makes the information available to the User Interface 
Agency and the Coordination Agency. 

FIGS. 2 through 7 provide a more detailed view of the 
information flow among components of the IPE. All infor 
mation flows in the figures except those between reference 
numeral 101 and reference numeral 102 or between refer 
ence numerals 107 and 109 or reference numerals 108 and 
110, are accomplished via ACL messaging. This provides 
the system with great flexibility in allocating system func 
tions to processors or clusters of processors. 

In FIG. 2, the light gray checkerboard pattern arrows 
indicate information originated by the user, while the 
medium gray Zig-Zag pattern arrows indicate results or 
discourse elements generated by the system. The solid black 
arrows indicate flow of system information, facts, and 
grammar items. Inputs From the User 201 flow into the 
Parser Module 205 of the User Interface Agency 102. The 
input mender expands user-abbreviations, corrects likely 
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12 
errors such as misspellings, and coordinates diverse modes 
of input, such as text and cursor-selection. The spelling 
correction module can offer alternatives for frequently mis 
spelled words, and for unrecognized words which are an edit 
distance of one correction from correctly spelled words. 
Words completely in uppercase. Such as Stock symbols will 
be assumed to be valid identifiers. 
The parser parses the textual components, and produces a 

set of plausible parse trees. These trees, along with non-text 
parameters are sent to the Dialogue manager 205. The 
dialogue manager applies profile information, context, and 
proofs about plausible plans and intentions to determine the 
highest ranked interpretation of the users input. The best 
parse is communicated to the Domain Planner Module 208 
of the Coordination Agency. The domain planner tracks the 
accomplishment of domain plans via a mixture of Sub 
domain Experts (105, 106) and by the Problem Solving 
Planner 210, which accomplishes any domain tasks involv 
ing communication with the user. For example, the domain 
plan of withdrawing money from a savings account to invest 
in an index fund may not be accomplished without asking 
the user for his account number. The problem-solving plan 
ner communicates with the User Interface Agency 102, to 
accomplish this sub-task. 
The User Interface Agency then determines how best to 

extract that information from the user. Particular domain 
level tasks, which have all preconditions satisfied, are passed 
to the Sub-domain Agent Manager 209, which communi 
cates the requisite tasks to one or more Sub-domain Experts 
(105,106), monitors their progress, and determines when (if 
ever) to unilaterally terminate a task activity. Module 211 of 
Sub-domain Expert 105 contains a representation of the 
domain-level tasks involved in that can be accomplished in 
this Sub-domain, along with preconditions, required param 
eters, and descriptions of the resulting data. Module 213 of 
Sub-domain Expert 105 contains portions of the grammar, 
which pertain to the tasks handled by that expert. For 
instance, in the case of a Company Information query 
Sub-domain, the grammar might translate a request for 
“fundamental analysis' to a series of tasks to obtain balance 
sheet data from a company's annual reports and quarterly 
statements, stock price information from a market source, 
and to use this information to compute various ratios and to 
compare them with industry benchmarks. 

FIG.3 demonstrates the flow of lexical, grammatical, and 
semantic information from Sub-domain Expert 105. The 
following is an example message from 105 to 104, holding 
a new domain-specific lexical entry for the stock-selection 
idiom “mid cap': 

(tell 
:Sender Company-Investment-Selector 
:receiver Grammar-Unifier 
:language lexitem 
content (idiom 

(qualifier (adv. mid) (n. cap)) 
(explicit (adv. middle) (np. (adv. market) (n. capitalization))) 
(plan (filter (investment-companies) mid-cap)) 
(task (select 2X (investment-companies) 

(and (>market capitalization) S1B) 
(<=market capitalization) $15B)))) 

Arrow 302 propagates facts about domain tasks, plans, 
and goals to the Coordination Agency Domain Planner 208. 
Arrow 303 propagates LTAG components 213 to the Coor 
dination Agency Grammar Unifier 207. The Grammar uni 
fier 207 combines all of the sub-domain grammar compo 
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nents. It also creates a "canonizing LTAG” for paraphrase 
generation. The twin goals of this grammar are to avoid 
ambiguous constructions, and to support a high degree of 
specificity in references. Because different sets of sub 
domains might have different areas of overlap and ambigu 
ity, this grammar cannot be created (or updated) until the 
component grammars have been collected. 

Arrow 301 communicates the unified grammar to the 
Parser Module 205, where it is combined with the domain 
independent core grammar (solid gray chevron). Arrow 307 
transmits facts about Sub-domain tasks, plans, prerequisites, 
and parameters to the World Model Agency 214. Arrow 306 
indicates the flow of facts which are derived from the users 
interaction with the system, such as user preferences, and the 
nature of result objects which have been captured in the 
user's history database. 

In FIG. 4., the solid gray chevron 401 represents a core 
domain-independent component of the grammar, while the 
lined chevrons, 402, represent Sub-domain grammars which 
were combined by the Grammar Unifier, 207. The arrow 404 
transmits the Canonizing LTAG 406 to the Generator mod 
ule 206, while arrow 304 transmits plans corresponding to 
dialog actions. The following is an example message from 
208 to 204, holding a plan corresponding to a dialogue 
action, in this case, the Domain Planner has not been able to 
find any mid-cap stocks of companies who are wineries, and 
asks the dialogue manager to achieve a plan to inform the 
user that the result of executing his plan is an empty result. 

(achieve 
:Sender DomainPlanner 
:receiver Dialog.Manager 
:language I-planner 
:Ontology education 
:content (plan 

(inform user 
(empty 

(plan (and (filter (investment-companies) mid-cap) 
(filter (investment-companies) (is winery)))))))) 

An English generation of this would be: “There are no 
wineries that are midcap stocks'. Note that the Dialogue 
Planner is free to use other ways of informing the user. For 
instance, it might issue a plan to find the largest winery, then 
present the information as: “The largest winery, Robert 
Mondavi (MOND) has market capitalization of $300 M. It 
is not a midcap stock. 

FIG. 5. demonstrates the flow of requests and results 
through the system. Arrows 501 and 516 represent user 
signals, such as speech, typing, or gestures that communi 
cate some request or facts to the Parser Module 205. Arrow 
515 transmits alternative parse trees corresponding to the 
user input to the dialogue manager. The dialogue manager 
applies knowledge about constraints, preconditions of plans, 
recent focus of dialogue, and user preferences to help it 
score the parsers. The scores used reflect the systems esti 
mation for the likelihood that a given parse, along with slot 
fillers from the System Model 103, reflects the intentions of 
the user. Helping to score alternate parses, the domain cortex 
is a self-organizing map of clusters of goals and tasks, and 
orderings. This map is initially constructed from a body of 
example sentences, but is later adapted via unsupervised 
learning of user-specific functional clusters. For example, 
the tasks “investigate company's financial position”, “add 
the company to a (hypothetical) portfolio”, followed by “add 
the company to a real portfolio', can often cluster together 
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14 
in the sequence given. On the other hand, it would be 
unusual to first buy a given equity, then investigate its 
Solvency. 

In a preferred embodiment, the domain cortex consists of 
a two-layer representation, “from and “to', of commonly 
associated States and parameters. Not only are related con 
cepts clustered, but related transitions among States are 
clustered, allowing common backbone sequences to emerge 
in the representation. It should be noted that the domain 
cortex also provides a mechanism for responding to ill 
formed input. The system can attempt to match any well 
formed components of Such input against the domain-cortex 
clusters, and assume the meaning that most nearly matches 
the ill-formed input. Such repairs will always be noted in 
system interaction, so that the user does not assume that 
ill-formed input is, in fact completely acceptable. Arrow 502 
transmits the top-ranked interpretation of the input to the 
Domain. Planner 208. Arrow 514 shows the transfer of the 
semantic representation of user signals to the Generator 
module, where it is paraphrased. Arrow 503 shows tasks 
issued by the domain planner communicated to the Sub 
domain Agent Manager 208. Results, in the form of axioms 
or non-textual objects, are communicated back through the 
system, starting with arrow 504. These results reach the 
Problem Solving Planner 210, which communicates them to 
the generator module 206. 
The problem solving planner may have completed a 

Sub-plan, in which case the results are communicated, via 
arrow 507 to the Generator Module 206, or it may need to 
obtain Subsequent information to complete the plan, typi 
cally referring to the user's input, via arrow 506 to the 
Dialogue Manager 204. The dialog manager may obtain 
information from the user via generated speech acts. Arrows 
508 and 508 from the User Interface Agency 102 to the 
system Model 103 depict the transmission of annotated 
history and of the interaction to the Profile Agent 215. Arrow 
510 depicts the transmission of paraphrases of the user input 
to the Visible Thought module 202, while 511 carries a 
depiction of the major current working assumptions of the 
system to the same destination. The visible thought module 
202 portrays an annotated list of the systems interpretation 
of the user's words or signals, along with a representation of 
the current working hypotheses of the system. 

Because the paraphrase is more specific than typical user 
input, the user may choose to cut paraphrased text out of the 
Visible Thought module 202, edit it (textually or verbally) 
and re-submit the sentence as a correction of the original. 
For instance: 

User1: “Show me a list of the large cap manufacturers' 
Paraphrase 1: “Display a list of the names of manufactur 

ing companies which have outstanding shares worth more 
than S15B 

The user may really be interested in companies that have a 
higher capitalization, and modify the sentence as: 

User2: "Display a list of the names of manufacturing 
companies which have outstanding shares worth more than 
S3OB 

In the preferred embodiment, the user may select items from 
this display to “strengthen or “weaken a belief. For 
instance, if the user sees that Visible Thought module 202 
displays 

P3.1: Remove the Stock known as EDS from 2000-07 
19.R2. 

A3.5: User Preferences: support user dislikes EDS p=0.55 
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In this case, the user may not really dislike EDS, he may, in 
fact, be trying to determine how much value EDS adds to the 
portfolio, thus, the user might select assumption A3.5, and 
weaken its strength to Zero (based on the present systems 
seven-element scale). 

Still regarding FIG. 5, arrows 512 and 513 depict text and 
multimedia results sent to the user, as directed by the 
Display Manager 517, which uses a model of system capa 
bility, ideal presentation, and user preference to determine 
the best combination of presentation vehicles to portray 
information. The Display Manager 517 also enforces user 
preferences with regard to the verbosity and quantity of 
references in the Visible Thought display 202. 

While FIG. 5 concentrates on information and strategies 
that inform the user, FIG. 6 is devoted to the mechanisms 
that accomplish tasks which are needed to satisfy user 
requests. 

FIG. 6 depicts the flow of communication between the 
Coordination Agency 104, and the Sub-domain Experts 
(105,106). The Sub-domain Expert Manager 209 acts as a 
matchmaker, and sets up correspondence arrows (601, 609) 
to the appropriate Sub-domains for a given interaction. The 
Sub-domain Experts (105,106) may be able to accomplish 
tasks directly, or may require interaction with one or more 
outside information Sources. This interaction is initiated via 
messages along arrows 602, 604 and 607, which impinge on 
Information Adaptation Agent-A 107, and Adaptation 
Agent-A 108. These Information Adaptation agents, which 
serve to translate arbitrary protocols to the ACL message 
format used within the preferred embodiment, send their 
results back to 105 and 106 via arrows 603, 605, and 606. 

While the components mentioned so far are chiefly con 
cerned with understanding the user's goals and accomplish 
ing the tasks which will achieve them, the components of the 
system model 103 are devoted to maintain all that is known 
about the user in relationship to the domain. 

FIG. 7 depicts the system model, which serves as a 
universal repository of knowledge for the present invention. 
The Profile Agent 215 mediates access to all of the raw 
information captured by the systems interaction with the 
user. The Presentation Profile 701 holds user preferences 
regarding the presentation of the data. An example of this 
preference would be the user's choice to display all graphs 
as separate windows. The Dialogue Profile 708 maintains 
user choices about levels of verbosity, interaction thresholds, 
trust or distrust of the system interpretation. For instance, a 
“trusting user may choose to filter out most paraphrases, 
and view only the system assumptions that directly support 
actions that are very dangerous. The User Profile 702 
maintains user-specific parameters that are to be used in 
default reasoning of the system. An example of one Such 
parameter would be “investment capital’. Initially, all of 
these defaults hold the value pair (typical-user S30,000), 
where $30,000 is the value of a typical user for that 
parameter. As the user exercises various facets of the system, 
the default values get replaced by (clustered-user high-end 
users S300,000) as the system dynamically classifies user 
preferences, or by (personal-user S157,000), in the case that 
a parameter has become known via direct indication by the 
user (e.g. he answers a question or Volunteers the informa 
tion). The Raw History 707 contains an annotated list of all 
interaction with the system, including user signals, para 
phrases, assumptions, and results. Each of the 215 modules 
maintains data as ordinary text files (with descriptions to 
external binary objects such as pictures of graphs)—so that 
the users may manually review or modify the content. As the 
profile agent records user preferences, parameters, and 
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objects of historical reference, it simultaneously creates 
facts that are transmitted to the World Model Agency 204, 
via arrow 306. The World Model Agency provides local 
access to several local and non-local knowledge Sources. 
Recall that, as stated earlier, the system typically propagates 
only pointers to Some facts rather than the facts themselves. 
Thus, though the world model agency provides access to 
Domain Model(s) 703, typically these models reside 
remotely, and are maintained in parallel with the Sub-domain 
experts. The Domain Models hold static knowledge about 
the relationships and operations available within specific 
domains. The Session Model 706, Belief Model 705, and 
User Model 704 are maintained locally. The Session Model 
maintains facts about the current session and the current 
focus of interaction with the user. The User Model 704 
maintains a three of the five-fold descriptions of the user: 
(typical-user, clustered-user, and personal-user). These facts 
become available to the dialogue manager and help to 
disambiguate alternative interpretations. The Belief Model 
705 maintains a representation of the system's view of the 
users (likely) beliefs. Many user requests and statements 
influence this representation and the system Supports a 
variety of methods to (re)compute the weights on (likely) 
beliefs when new evidence is acquired. 

Through FIG. 7, it has been shown how the language and 
semantics from Sub-domains can be propagated and joined 
to provide language understanding on the domain level, how 
user signals may be interpreted to find their most likely 
meaning, how the system can accomplish user goals by 
planning and achieving actions in the three linked domains 
of discourse, problem-solving, and domain actions, and how 
results may be transmitted and combined from various 
Sub-domain experts, through the discourse manager to the 
user. FIGS. 8 and 9 focus on the structure of the represen 
tation of a sentence in the grammar and the related repre 
sentation created by the domain planner. 

FIG. 8 depicts a fragment of a tree-adjoined grammar 801 
in a system that parses the sentence “make a tech portfolio” 
802. The down arrow in each tree fragment represents a 
branch that is to be substituted by some tree with a matching 
label. In some cases, the empty string may match a label. 
Lexicalized grammars associate tree fragments with some 
lexical item such as an “anchor that provides a handle to 
retrieve the appropriate grammar fragment during a parse. 
Additional constraints may be specified for a particular 
anchor and grammar fragment to enforce various language 
consistency rules. 

FIG.9 depicts the type of rule which is invoked to achieve 
results over multiple domains. The original sentence, “Make 
a tech portfolio” 901 results in two high-level tasks, “create 
a portfolio’902, and “select a set of technology stocks' 903. 
The result from creating a portfolio of ALL stocks then 
selecting the technology ones from it would be unsatisfac 
tory, as portfolios involve optimization of non-additive 
functions. Additionally, this would be a very inefficient way 
to construct a collection of Stocks. Thus the domain-planner 
must Supply a rule that orders these operations. In addition, 
the planner specifies the way that results from one operation 
are to be used by another. 

EXAMPLES 

The following examples are representative and in no way 
should be construed as limiting. FIG. 10 depicts one round 
of interaction with the invention. Into the Dialog box 1001, 
the system has prompted “U1 and the user has typed “I 
want a portfolio of 100 shares of IBM, CISCO, and DELL’. 
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The Visible Thought window 1003 shows items which 
conveyed the inventions interpretation of the user's state 
ment. P1.1 is a paraphrase of the user's Statement, in 
language that was acceptable to the system. In a preferred 
embodiment, paraphrases not only communicate that the 
system understands the user's intentions, but they also 
demonstrate more specific, less ambiguous forms of lan 
guage. Typically, the user learns how to “force' a given 
interpretation by adding more qualifiers to his input. Also in 
box 1003, several assumptions comprised the top “working 
hypotheses of the system. 

A1.1: Planning-Ll: increase Income and or reduce risk 
refers to a high-level plan which is common to almost all 
financial-domain operations. 

A1.2: Planning-L2: be informed quantitative 
refers to a user's presumed plan to gain quantitative infor 
mation, which should help him achieve Planning-L1. 

A1.3: Problem-solving: be informed by show portfolio 
depicts the way the system solves the problem of giving the 
user quantitative information which will Support his 
increased income or reduced risks referred to in A1.1. 

A1.4: Domain: create portfolio (company (IBM CISCO 
DELL)) 
shows a leaf-level domain plan involving only the portfolio 
Sub-domain expert. 

It should be noted that the number of items in the Visible 
Thought window 1003 is controlled by several user param 
eters. The paraphrase depends on the user's paraphrase 
threshold level, which may vary from “do not paraphrase 
anything to “paraphrase everything. The number level and 
verbosity of assumptions is similarly affected by a parameter 
that chooses how much of the systems “beliefs” about the 
user intent should be displayed and in what detail. In some 
cases, the user may wish to see every fact that the system has 
assumed, in others, he may be interested in only the top-level 
assumptions. In yet other cases, controlled by a separate 
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The resulting paraphrase in box 1103 was: 

P2.1: Forget the R1 context. Create a new portfolio, 
composed of stocks known as “tech' stocks. 
New assumptions A2.1 . . . A2.9 are also added to the 

window marked 1103. Note especially that parameters 
needed are taken from user preferences or investor defaults. 
This is mentioned in the system dialog of box 1102: 

D2: OK, IPE guessing at many parameters . . . . 

Also displayed in 1102 was the resulting table that satisfies 
the user's request. 

FIG. 12 shows a multimodal anaphoric reference by the 
user to an element of the previous result. The user has 
selected a text field containing the string “EDS from box 
1202, while simultaneously entering 
U3: Try it without that. 

into box 1201. This combined input indicated that “that 
refers to the selected text string “EDS” in result table R2. It 
should be noted that any method for selection of an item 
could be substituted for this selection, including, but not 
limited to, manual pointing, selecting via eye position and/or 
focus, selection by pedal action, selection by tongue posi 
tion, or selection by Voluntary stimulation of particular 
nerve complexes which are connected to monitoring trans 
ducers. Any and all of these selection actions would con 
tribute the same semantic content to the user's discourse. 

Box 1203 shows a paraphrase of the user's inputs: 
P3.1: Remove the Stock known as EDS from 2000-07 

19.R2. 

Note that the gesture was replaced by its reference, and 
that the result table has been fully qualified. This result can 
be extracted from the user's history and re-used at a later 
time and context. Box 1203 also shows new assumptions 
added to the system as a result of this exchange. Note 
especially assumption: 

A3.5: UserPreferences: support user dislikes EDS, p=0.55 
parameter, the user may only be interested in changes of " The user has an opportunity to select this assumption, 
assumptions at a given level. (E.g. when did the system which indicates a slight dislike for EDS, and to correct it if 
change from the assumption of “retirement planning to the it is in error. He may be removing EDS from the portfolio 
assumption of “saving for education”?) merely because he is interested in seeing how much EDS 

contributes to the resulting financial outcomes, perhaps even 
Results box 1002 demonstrates a dialog element issued by 45 to make a case for the inclusion of EDS. This feature of 
the system visible thought renders the invention potentially much more D1: OK, Boss. R1: useful than interaction with a human expert as the system 
As well as a tabular result the system intended to give the provides greater default transparency into its rationale than 
user relevant quantitative information. is available with a human respondent. 

Company Shares Price Cost Wt E(ROI) E(BreakEven) 

IBM 1OO S105 $10,500 0.4268 12% 86% 
CSCO 1OO S 88 S 8,800 0.3577 14% 80% 
DELL 1OO S 53 S 5,300 0.2154 13% 789, 
Portf 3OO S 82 $24,600 1.0000 12.30% 87% 

60 
It should be noted that tabular results, such as this, are also 

subject to user parameters that select the volume of infor 
mation and format of the display. 

FIG. 13 box 1301 depicts a user's utterance: 
U4: What is the risk profile 

This is interpreted as a request to view a graphical result 
FIG. 11 depicts a Subsequent interaction, starting with the 6s from a simulation of the probable financial outcomes of the 
user statement in box 1101: 

U2: Drop that. Now make me a tech portfolio. 
portfolio result R3: A pointer to the results of this simulation 
will be included in a history of the session. 
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Visible Thought box 1303 displays the systems interpre 
tation of the users query, and box 1302 shows the resulting 
graph, which depicts potential financial states over the next 
4 years. 

FIG. 14 shows a text file of a history of interaction with 
the system, note that each element of a round of communi 
cation is integrated, and that the user can retrieve items of 
this history for later use or modification. All non-text result 
items are tagged by reference to external documents and/ 
generators that can re-express those items in the system to 
the appropriate output channels. Histories and defaults from 
expert users are captured, aggregated, generalized, and 
packaged as recipes for accomplishing given tasks. These 
recipes are stored as state/transition clusters forming an 
initial version or alternate version to the domain context of 
the naive user. 

FIG. 15 depicts the major alternative locations for placing 
various large blocks of the system on multiple processors or 
multiple clusters. The dotted lines each depict a separate 
functionality that may be implemented on a separate com 
puter or cluster of computers. Virtually any combination of 
associations of these functionality’s are reasonable, in some 
commercial context. For instance, Ref1501 might be imple 
mented on a local laptop, while 102, 103,104,105,107,110, 
103,105, and 112 might be implemented on a remote server. 
Considering just the main module types, the number of 
major combinations, given a sufficient number of processing 
nodes, is at least the powerset of 9, which is 2=512 
combinations. In actuality, the agent architecture gives us 
even more flexibility than this, every single individual 
module of FIG. 2 might be implemented on a separate 
processor, or a separate cluster, resulting in approximately 
268,000,000 alternative allocations to computing facilities. 
In addition, for load-balancing purposes, it may be advan 
tageous to distribute a single function over several proces 
sors or processing clusters, resulting in a even more alter 
native configurations. Thus, the architecture of the current 
invention permits a great deal of flexibility in allocation of 
functionality to computing nodes, the only pre-requisite is 
that all nodes are accessible via network messaging. 

FIGS. 16 and 17 show two examples of belief calculus 
approaches that can be used to compute the likelihood of a 
given conclusion, given some evidence. Though, in the 
preferred embodiment, qualifiers in user input are mapped 
into a seven element scale, other terms in the system may be 
known with more precision. The belief calculus must be able 
to accept and provide numeric estimations of likelihood, 
which are (or are converted to) values on the continuous 
interval from Zero to one. 

FIG. 16 shows 1603, a rule that computes our belief that 
a Substance is coffee, given 4 tests. Each test is characterized 
by strength (how much it reduces the remaining uncertainty, 
if the test is known to be completely true) and a necessity 
(how much it reduces the certainty, if the is known to be 
completely false). The rationale of the example goes some 
thing like this: a substance is somewhat more likely to be 
coffee if we find it in a mug, or if it is a hot liquid, but cold 
liquids in non-mug containers can also be coffee. On the 
other band, if the liquid is not brown, it is very likely not 
coffee, and if it is tea (?X is not tea) is false then we are 
very sure it is not coffee, thus the final two clauses have large 
necessity weights. In example A., we compute B, given that 
we know all of the premises to be completely true. In 
example B., we compute the strength of belief in the 
conclusion, given that we are 100 sure of each of each of 
the premises, except for the third premise, which we are only 
50% sure of. Note that if we were 0% confident that the 
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substance was not tea, then we would be 0% confident that 
is coffee. FIG. 17 shows a fragment of a bayesian belief 
network. This approach to computing likelihood is appro 
priate when some mixtures of base and conditional prob 
abilities are available. Additionally, these probabilities can 
be learned, from data, over a period of time. The example 
shows likelihoods for “planning for retirement', given that 
a user has asked about mutual finds. 

FIG. 18 shows an example of script creation. First, user 
statements are captured from the session log. Next, constants 
occurring in the collected lines are replaced by variables. 
Finally a named script is generated, which requests values 
for the variables (unless they can be inferred from context) 
and performs the appropriate operations in sequence. FIG. 
18, Ref 1801 is an example of a parameter to a user script, 
which must be bound at the time the script is executed. Ref 
1802 shows how the variable, “?Stocklist has taken the 
place of the constant list, “Acusphere Dynavax and Prolinx' 
in the original log. Named Scripts become accessible to the 
user, via the User Model section of the World Model Agency 
FIG. 3, Ref 214. Scripting also provides an easy mechanism 
for sharing expert techniques with users. As they are iden 
tified, particularly useful scripts can be converted to full 
fledged domain plans, or to the potential actions of Sub 
domain experts. 
One promising area of current research is in, probabilistic 

LTAGS, which allow probabilities to be introduced directly 
into the LTAG system. These might be considered as an 
alternative to the two-pass (parse and disambiguate) model 
that we use in the preferred embodiment, this would require 
a dynamic update of tag probabilities to match the discourse 
context. As an alternative to the LTAG approach, Head 
driven Phrase Structure Grammar (HPSGs) might provide 
good results for some languages as would approaches based 
on Augmented Transition Networks (ATNs). These grammar 
formalisms can be (semi-)automatically translated, so it is 
possible to move much of the grammar from one form to 
another with little effort. The XTAG system employs a 
parser based on Earley's algorithm, but other parsing strat 
egies might be used, including: chart parsers, recursive 
descent parsers, bottom-up parsers, head-corner parsers, as 
well as Left-to-right scanning, Leftmost derivation (LL) 
parsers, Left-to-Right scanning with Rightmost derivation 
(LR) parsers, and Look-Ahead, Left-to-Right Scanning, 
Rightmost derivation (LALR) parsers. Other, pure learning 
based, pattern-matching systems might also, eventually, 
offer reasonably good grammar building and parsing mecha 
nisms. For instance, inductive logic programming has been 
used to learn a natural language grammar from a corpus of 
example language. In the area of multi-agent systems plat 
forms, many technology alternatives are available, including 
FIPA-OS, and Zeus. As a substitute for our knowledge 
representation system, many existing approaches might be 
employed, including various modal logic and truth mainte 
nance systems. Rather than using KMOL or FIPA style 
messages, XML representation and DOM protocol might 
eventually offer greater interoperability. In any case, trans 
lations among the various messaging systems are being 
developed, eventually making these choices less restrictive. 
Rather than a bi-layer model of the domain cortex, an 
N-layer model would permit greater specificity of 
sequences. This extension might be useful in domains where 
long recurring sequences of operations are the common. 
There are many potential alternatives to the belief calculus 
methods sketched in FIG.16 and FIG. 17, including, but not 
limited to: Dempster-Schafer evidence calculations: 
MYCIN-style certainty factors: Dragoni-Giorgini belief 
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revision functions: FuZZy-Logic inference; and Bonissone’s 
bounded uncertainty inference method. These methods vary 
greatly in their assumptions, and requirements, and they can 
easily be used in concert, as different approaches are 
required to simulate human reasoning, and to accommodate 
differing levels of a priori probability estimates. 

It has been shown how a distributed knowledge base 
comprising the concepts, tasks, and language for a domain 
can be coordinated and utilized to provide an intelligent 
multimodal interface to the functionality of that domain, 
allowing users to avail themselves of all of the capabilities 
and knowledge of that domain. The invention has been 
shown to provide the capability to decompose a given 
domain to any required level of granularity, representing the 
salient facts, language, and parameters for that Sub-domain. 
It has been shown how a discourse model may be applied to 
this system, and how it can encompass multimodal and 
multimedia interaction between the user and the system. 
Additionally, it has been shown how the invention can 
execute some putative plans or tasks in parallel, to determine 
their feasibility, to aid in interpretation of the inputs which 
Suggest them. The multimodal N-partite discourse model, as 
represented in the preferred embodiment, has been shown to 
permit inference of users goals, plans, and beliefs; to permit 
improved estimation of those elements over the course of an 
interaction; and to determine when a new user mental 
context, such as a changed plan, is in place. It has been 
shown how a user-specific concept cluster representation 
can help identify likely focus, defaults, and changes to plans. 
The system and method described above is shown to 

provide a scaleable, robust platform for combining lexical, 
grammar and semantic elements automatically, and for 
determining Subsets of the combined grammar for the pur 
pose of generating unambiguous interpretations of parses. 
The preferred embodiment of the invention has been shown 
to accept ill-formed input, which may exhibit flaws of 
spelling, grammar, or logic. It has been described how the 
invention can learn parameters from a population of users to 
allow it to Supply appropriate defaults parameters, and how 
the history of interactions of expert users can be cast as a 
template for neophytes. It has been demonstrated a scheme 
for tagging, archiving, and combining various elements of 
multimodal multimedia discourse, along with working 
hypotheses, for unambiguous reference. The system and 
methods described above have been shown to reveal to the 
user the incremental working Suppositions on which it bases 
its interpretation, and to allow the user to directly correct or 
Support those Suppositions. It has been shown how one or 
more methodology of belief calculus can be used, as appro 
priate, to estimate likely plans and goals of users in general, 
particular Subsets of users, and of a single particular user. It 
has also been shown how user interactions may form the 
basis of abstraction and generalization via Scripting, and 
how Scripts might be made by expert users, and then 
distributed to less experienced users. Finally, it has been 
demonstrated how this invention provides the ability for a 
user to explore and to exploit a large body of capability and 
knowledge easily without specialized training. 
We claim: 
1. In a computer system having a processor, a memory 

unit, an input device and an output device, a method for 
deducing user goals and for executing at least one task to 
accomplish user goals, the method comprising computer 
implemented steps of: 

(a) representing at least one user goals, beliefs, assump 
tions, preferences, and changes of State with respect to 
a specific domain or composition of domains; 
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(b) representing at least one task which can be accom 

plished in particular domains, and at least one of the 
Vocabulary, idioms, or goals that correspond with those 
tasks: 

(c) representing user/system transactions in discourse 
between entities; 

(d) inferring at least one user goals, beliefs, assumptions, 
preferences, and changes of state incrementally from 
elements of discourse, domain models, and results of 
previous interactions; 

(e) recognizing user input as an attempt to accomplish 
goals in one or more levels of discourse; 

(f) executing at least one task corresponding to at least one 
user goal; and 

(g) optionally conveying related information to the user. 
2. The method of claim 1 wherein representing user/ 

system transactions in discourse between entities comprises: 
receiving signals from at least one user by at least one 

computer system through at least one communication 
channel; and 

generating signals from at least one computer system to at 
least one user through at least one communication 
channel. 

3. The method of claim 2, wherein inferring at least one 
user goals, beliefs, assumptions, preferences, and changes of 
state incrementally from elements of discourse further com 
prises: 

representing at least one of terminology, ontological, 
lexical, grammatical, idiomatic, or item of focusing 
information with respect to a specific domain or com 
position of domains. 

4. The method of claim 3, wherein representing at least 
one of terminology, ontological, lexical, grammatical, idi 
omatic, or item of focusing information further comprises: 
composing at, least one of ontological, lexical, grammatical, 
idiomatic, and focusing information from several domains 
or sub-domains in order to provide interpretation of user's 
input with respect to those domains. 

5. The method of claim 3, wherein inferring at least one 
user goals, beliefs, assumptions, preferences, and changes of 
state incrementally from elements of discourse further com 
prises: 

maintaining a map of domains and domain transition 
adjacency, and using the map as an aid to plan recog 
nition or focus recognition; and 

using plan recognition or focus recognition to identify at 
least one of the likely beliefs, assumptions, preferences, 
and changes of state experienced by the user. 

6. The method of claim 2, further comprising: 
determining the likely meaning of well-formed or ill 

formed input, using at least one technique selected 
from the group consisting of: 
(a) partial matches of user input; 
(b) a collection of plausible user intentions: 
(c) Sub-domain models; 
(d) a model of typical user beliefs and goals; 
(e) a model of stratified user beliefs and goals; 
(f) a historical model of a particular user beliefs and 

goals; 
(g) a session model of a particular user interactions; and 
(h) a domain adjacency map. 

7. The method of claim 2, further comprising: 
adapting the interactive capabilities of a system to at least 

one of a population of users, a Sub-population of users, 
individual users or individual user-sessions. 
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8. The method of claim 7, further comprising: 
(a) accomplishing information gathering tasks; and 
(b) conveying related information to the user in a form 

that is appropriate to at least one of user preferences, 
the volume of data, and the available media. 

9. The method of claim 2, further comprising: 
providing simple, unambiguous references to complex 

items that are communicated from user to a computer 
and from a computer to a user, by tagging each turn of 
discourse with at least one of number, time, entity, 
focus, medium, and with a list of attributes and their 
bindings. 

10. The method of claim 2, further comprising: 
communicating the Suppositions of a discourse system to 

a user and permitting the user to improve the perfor 
mance of the system by signaling agreement or dis 
agreement with particular Suppositions. 

11. The method of claim 10, further comprising: 
rating plans and actions by their danger or irreversibility, 

and using such ratings to control the generation of 
paraphrases and requests for confirmation. 

12. The method of claim 2, further comprising: 
making information useful to users by displaying only the 

information that contributes to the goals that they are 
trying to accomplish. 

13. The method of claim 2, further comprising: 
at least one of capturing expert patterns of use, creating 

libraries, packages, and explanations of those patterns, 
and transmitting expert patterns to novice users, by 
portraying expert event sequences. 

14. The method of claim 2, further comprising: 
invoking several parse-related tasks concurrently to 

examine their feasibility and results in order to derive 
the likely meaning of a user input. 

15. The method of claim 2, further comprising: 
representing multiple types of goals in discourse, includ 

ing at least one of domain goals, problem-solving 
goals, and discourse goals. 

16. The method of claim 2, further comprising: 
constructing canonical paraphrases that reduce ambiguity 
by choosing terms and constructions which are more 
explicit or more idiomatic to a given Sub-domain. 

17. The method of claim 2, wherein receiving signals 
from at least one user by at least one computer system 
through at least one communication channel uses at least one 
modality selected from the group consisting of: 

(a) natural language text: 
(b) mouse actions; 
(c) human speech; 
(d) whistles, gestures; 
(e) pedal movements; 
(f) facial expression changes; and 
(g) postural changes. 
18. The method of claim 2, wherein generating signals 

from at least one computer system to at least one user 
through at least one communication channel uses at least one 
medium selected from the group consisting of: 

(a) natural language text: 
(b) automatically-generated speech; 
(c) non-speech audio media; 
(d) displays of graphs; 
(e) displays of tables: 
(f) animation of pictures; 
(g) display of recorded video; 
(h) mechanical pressure transducers; 
(i) thermal transducers; 
() olfactory stimulator; and 
(k) taste stimulators. 
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19. The method of claim 2, further comprising: 
extracting useful sequences of discourse interaction from 

logs and associating resulting scripts with at least one 
of meaningful names or phrases, so that the Scripts can 
be retrieved and interpreted. 

20. The method of claim 19, wherein the extracted 
sequences are generalized by replacing at least one compo 
nent with a variable to be provided from context, or from 
interactive specification, when the script is interpreted by the 
system. 

21. The method of claim 2, wherein the step of inferring 
at least one user goals, beliefs, assumptions, preferences, 
and changes of state incrementally from at least one of 
elements of discourse, domain models, and results of pre 
vious interactions uses at least one method of calculation 
selected from the group consisting of: 

(a) Bayesian probability network calculations; 
(b) Dempster-Schafer evidence calculations: 
(c) MYCIN-style certainty factors; 
(d) Dragoni-Giorgini belief revision functions; and 
(e) Fuzzy-Logic inference. 
22. A human-computer interface system, comprising: 
(a) a means of representing at least one user goals, beliefs, 

assumptions, preferences, and changes of State with 
respect to a specific domain or composition of domains; 

(b) a means of representing at least one task which can be 
accomplished in particular domains, and at least one of 
the Vocabulary, idioms, or goals that correspond with 
those tasks; 

(c) a means of representing user/system transactions in 
discourse between entities; 

(d) a means of inferring at least one user goals, beliefs, 
assumptions, preferences, and changes of State incre 
mentally from at least one of elements of discourse, 
domain models, and results of previous interactions; 

(e) a means of recognizing user input as an attempt to 
accomplish goals in one or more levels of discourse; 

(f) a means of executing at least one task corresponding 
to at least one user goal; and 

(g) a means of conveying related information to the user. 
23. The system according to claim 22, wherein the means 

of representing user/system transactions in discourse 
between entities comprises; 

a means of receiving signals from at least one user by at 
least one computer system through at least one com 
munication channel; and 

a means of generating signals from at least one computer 
system to at least one user through at least one com 
munication channel. 

24. The system according to claim 23, wherein the means 
of inferring at least one user goals, beliefs, assumptions, 
preferences, and changes of State incrementally from ele 
ments of discourse further comprising: 

a means of representing at least one of terminology and 
ontological, lexical, grammatical, idiomatic, and focus 
ing information with respect to a specific domain or 
composition of domains. 

25. The system according to claim 24, wherein the means 
of representing at least one of terminology and ontological, 
lexical, grammatical, idiomatic, and focusing information 
further comprising: 

(a) composing at least one of ontological, lexical, gram 
matical, idiomatic, and focusing information from sev 
eral domains or Sub-domains in order to provide inter 
pretation of users input with respect to those domains. 

26. The system according to claim 24, wherein the means 
of inferring at least one user goals, beliefs, assumptions, 
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preferences, and changes of State incrementally from ele 
ments of discourse further comprising: 

a means of maintaining a map of domains and domain 
transition adjacency, and using the map as an aid to 
plan recognition and focus recognition; and 

a means of using plan recognition and focus recognition 
to identify at least one of the likely beliefs, assump 
tions, preferences, and changes of State experienced by 
the user. 

27. The system according to claim 23, further comprising: 
a means for determining the likely meaning of well 

formed or ill-formed input, using at least one technique 
Selected from the group consisting of: 
(a) partial matches of user input; 
(b) a collection of plausible user intentions: 
(c) Sub-domain models; 
(d) a model of typical user beliefs and goals; 
(e) a model of stratified user beliefs and goals; 
(f) a historical model of a particular user beliefs and 

goals; 
(g) a session model of a particular user interactions; 
(h) a domain adjacency map. 

28. The system according to claim 23, further comprising: 
a means of adapting the interactive capabilities of a 

system to at least one of a population of users, a 
Sub-population of users, individual users or individual 
user-sessions. 

29. The system according to claim 28, further comprising: 
(a) a means for accomplishing information gathering 

tasks; and 
(b) a means for conveying related information to the user 

in a form that is appropriate to at least one of user 
preferences, the volume of data, and the available 
media. 

30. The system according to claim 23, further comprising: 
a means of providing simple, unambiguous references to 

complex items that are communicated from a user to a 
computer and from a computer to a user, by tagging 
each turn of discourse with at least one of number, time, 
entity, focus, medium, and with a list of attributes and 
their bindings. 

31. The system according to claim 23, further comprising: 
a means of communicating the Suppositions of a discourse 

system to a user and permitting the user to improve the 
performance of the system by signaling agreement or 
disagreement with particular Suppositions. 

32. The system according to claim 31, further comprising: 
a means of rating plans and actions by their danger or 

irreversibility, and using Such ratings to control the 
generation of paraphrases and requests for confirma 
tion. 

33. The system according to claim 23, further comprising: 
a means of making information useful to users by dis 

playing only the information that contributes to the 
goals that they are trying to accomplish. 

34. The system according to claim 23, further comprising: 
a means of at least one of capturing expert patterns of use, 

creating libraries, packages, and explanations of those 
patterns, and a way of transmitting expert patterns to 
novice users, by portraying expert event sequences. 

35. The system according to claim 23, further comprising: 
a means of invoking several parse-related tasks concur 

rently, in order to examine their feasibility and results, 
in order to derive the likely meaning of a user input. 
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36. The system according to claim 23, further comprising: 
a means of representing multiple types of goals in dis 

course, including, at least one of domain goals, prob 
lem-solving goals, and discourse goals. 

37. The system according to claim 23, further comprising: 
a means of constructing canonical paraphrases that reduce 

ambiguity by choosing terms and constructions which 
are more explicit or more idiomatic to a given Sub 
domain. 

38. The system according to claim 23, wherein the means 
of receiving signals from at least one human by at least one 
computer system through at least one communication chan 
nel uses at least one modality selected from the group 
consisting of: 

(a) natural language text; 
(b) mouse actions; 
(c) human speech; 
(d) whistles, gestures; 
(e) pedal movements; 
(f) facial expression changes; and 
(g) postural changes. 
39. The system according to claim 23, wherein the means 

of generating signals from at least one computer system at 
least one human through at least one communication chan 
nel uses at least one medium selected from the group 
consisting of: 

(a) natural language text; 
(b) automatically-generated speech; 
(c) non-speech audio media; 
(d) displays of graphs; 
(e) displays of tables; 
(d) animation of pictures; 
(e) display of recorded video: 
(f) mechanical pressure transducers; 
(g) thermal transducers; 
(h) olfactory stimulators; and 
(i) taste stimulators. 
40. The system according to claim 23, further comprising: 
a means of extracting useful sequences of discourse 

interaction from logs and associating resulting scripts 
with at least one of meaningful names or phrases, so 
that the scripts can be retrieved and interpreted in some 
later time. 

41. The system according to claim 40, wherein the 
extracted sequences are generalized by replacing at least one 
component with a variable, provided from context or from 
interactive specification when the script is interpreted by the 
system. 

42. The system according to claim 23, wherein the means 
of inferring at least one of a users goals, beliefs, assump 
tions, preferences, and changes of state incrementally from 
at least one of elements of discourse, domain models, and 
results of previous interactions uses at least one method of 
calculation selected from the group consisting of: 

(a) Bayesian probability network calculations; 
(b) Dempster-Schafer evidence calculations: 
(c) MYCIN-style certainty factors; 
(d) Dragoni-Giorgini belief revision functions; and 
(e) Fuzzy-Logic inference. 
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