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In our Phase I AQUAINT project (which began, for us, in June 2002), we have applied Robert Hecht-Nielsen’s theory of cerebral cortex information processing to language representation, association, processing, and understanding. We are developing cross-cutting technology that will result in capabilities that all “end-to-end” contractors should be able to use

Since the December, 2002 AQUAINT Workshop, we have taken the following significant steps:

· Developed an unsupervised method for recognizing and defining multiple words as a phrase and tokenizing that phrase. Thus words and phrases are represented similarly and can be referred to as conceptual units. A string of words is considered a phrase if it has a high degree of internal coherence and support. The ability to identify such conceptual units and language constructions in any language is an important step in automatically extracting semantic knowledge about entities (people, places, organizations, time, etc.) and their relationships.
· Developed a method for automatic construction of semantic hierarchies that should work well regardless of language. At present it has been applied to English.

· Expanded our lexicon from the most frequent 10,000 words to the most frequent 30,000 words in the English language. We trained and developed all the antecedent support knowledge bases using this lexicon on our 1.5 Billion-word corpus of newswire text.

· Expanded the lexicon from 30,000 tokens to 100,000 tokens that include the most frequent 30,000 words of the English language and 70,000 of the most frequent multiple word phrases (as detected by our unsupervised method of recognizing phrases).

· Applied the Artificial Brain Technology methodology and algorithms to sound sequences and have developed a speech representation of sound tokens that is analogous to the written word and phrase language tokens.

· Enhanced the Brain Operating System software to scale up to systems with 30,000 words and 70,000 phrases (or any other combination of 100,000 conceptual units).

Research has progressed to the point where we know how to build fully word-order-dependent representations for words, phrases and sentences. We can also build similarity of meaning measures at these multiple levels. The cortronic data structures consist of regions of tokens and the connections between them as illustrated in Figure 1. These structures, in effect, implicitly learn billions of facts about meaning similarity of various language elements. These structures are self-organizing and require only exposure to large amounts of diverse text.


The three PowerPoint presentations that follow summarize briefly the results from the automatic identification of the semantic hierarchy of English and the automatic identification of phrases.
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[image: image2.jpg]Similarity of Usage and Meaning

> Hierarchical semantic structure is
derived automatically from pair-wise
knowledge-bases.
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[image: image4.jpg]Hierarchy Example: “Foods”
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[image: image5.jpg]Sense Disambiguation in Context
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[image: image7.jpg]Identifying Equivalent Named
Entities with Multiple Labels
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[image: image8.jpg]The Problem

> Multiple labels are used to describe the
same ‘conceptual unit’.
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> How does a cortronic system represent the
appropriate word-to-meaning mappings?
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[image: image9.jpg]Similarity of Usage and Meaning

> After identifying and training upon phrases and
named entities, we may again form new semantic
hierarchies:

» Identical named entities are typically grouped in the
first, tightest level of similarity.
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[image: image11.jpg]Identifying Equal Named Entities
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[image: image13.jpg]Identifying Equal Named Entities
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[image: image14.jpg]Automatic Identification of Conceptual
Units (Phrases and Named Entities)
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[image: image15.jpg]Confabulation Thought Process
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[image: image16.jpg]Segmentation Examples

» Color Coding Scheme:
— Blue: Lowest phraseness levels (between 2 — 4)
— Violet: Middle phraseness levels (between 4 — 6)
— Red: Highest phraseness levels (6 and above)
» Font Coding Scheme:
— Bold: Beginning of a new phrase / named entity
— ltalics: Words outside the top 10,000 lexicon
» Example:

— the new year's mass part of a day of peace declared by pope
john paul ii and also a commemoration of the number123
anniversary of the managua archdiocese was broadcast on the
roman catholic radio station radio catolica
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[image: image18.jpg]Features of the Conceptual Unit
Identification Algorithm

> Utilizes the fundamental knowledge bases

> Completely Automated and Unsupervised
— Can be applied to other human languages
— No knowledge about the language grammar assumed

> Based on fundamental thought process
— Applicable to Sound and Vision as well
> Generalizes to novel instances

> Dynamic in nature

oam Cortronics || 1'G



[image: image19.jpg]Types of Language Hierarchies
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> Syntactic juxtaposition of
coherent word sequences
» Phrases
— as soon as possible
— on condition of anonymity
» Named Entities

— new york stock exchange
— president saddam hussein

Semantic Hierarchy
> Specific to general sets of
semantically similar words
» Levels of abstraction

— London - European Capital
- Capital > Place

> Multiple Families
— {Suit, Lawsuit, Case,...}
— {Suit, Coat, Jacket,...}
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[image: image20.jpg]Syntactic Hierarchy

> How to quantify the “phraseness”?
— Uses the confabulation thought process
— Intra-associative honing algorithm
— Each word in the phrase is consistent with all others

> How to identify a phrase in text stream?
— Unsupervised Phrase Segmentation algorithm
— Identifies boundaries of phrase in any text stream
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[image: image21.jpg]Results: Phraseness Measure
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[image: image22.jpg]Results: Phrase Segmentation

the united nations security council resolution on saddam hussein was
reported in new york times

pope john paul ii of the roman catholic church is visiting san francisco these
days

the dow jones industrial average fell as ford motor co. released its first
quarter earnings
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[image: image23.jpg]Measure of Phraseness

> Support for each word by all others
w(x, [fx\x.})= 466, {8, (x| x| e {x\x.}}

> Support for the entire phrase

S(x)=AGG, {w(xk ‘{x\xk})‘xk E x}
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[image: image24.jpg]Word Level Support

Support for a word = aggregate support by all other
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[image: image25.jpg]Hubs and Authority in Phrases
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[image: image27.jpg]Updating the Authority
Authority = total support from important hubs

'

new

y stock exchange
{ h(new)sS, (stock | new) + l
a(stock )=
{h(exchrmge)S,, (stock | exchange)

> G5 Gl

_ e
a, (%)=
2
SR ()

nex

h(vork)S, (stock | vork) + J

oan Cortronics || 1'G




A





B





C





D





E





the





school





recurrent similarity of meaning and usage fascicle





bus





was





late





Figure 1. Typical experimental network with regions of tokens and the connections between them.
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