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The problem is the quality of Internet search, which is much lower than the state
of the art in the information retrieval literature. The barrier to industrial
adoption of this research has been the high expense in human expertise and
computational power which the best techniques require. We intend to achieve
scalability by computing the singular value decomposition (SVD) in near-linear
time and space. SVD can be used with appropriate data to create vector spaces
whose operations simulate the human judgments that create the data. These
simulations can also be used to perform information indexing by mapping data
into the judgment space (j-space), and to perform information retrieval by
mapping queries into the j-space and retrieving data vectors in order of similarity
to the query vector. The conceptual information matching performed by J-space
systems, made newly scalable, when combined with existing, already-scalable
techniques like web crawling, keyword matching and PageRank, promises to
give state-of-the-art performance and the ability to scale with the growth of the

Internet.

Competitive technologies either cannot scale with the Internet or cannot achieve
the best possible quality of results. Decades of research and industrial
experience demonstrate a quality / quantity tradeoff that can be overcome only
with expensive human expertise or computational costs that grow quadraticly
with the size of the Internet. We plan to create an indexing process that scales,
and apply this process to create an index of the Internet that provides both
textual pattern matching and conceptual information matching, thus overcoming
the traditional 50/50 trade-off between precision and recall. This index will
provide an intrinsically valuable service. We plan to validate this index
empirically and to publish and publicize the results, thus contributing to the
advance of information science and enhancing the credibility of our technology.
We also plan to create an open-source community to maintain evolve our
technology, and thereby to find allies to support our ongoing mutual success.
An Internet search service can be used directly to generate advertising revenue
from online users. A successful Internet service company can also be sold to its

competitors.
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Internet services

The overall goal of this project is to create a profitable enterprise in the Internet
services industry. We envision a company that fosters an alliance of for-profit
and non-profit service providers and software developers, utilizing our

technology as a core component in their own products and services.

Outside of highly specialized services such as the Bloomberg terminal the
Internet services market is a market for advertising, which since 2002 has been
increasingly pay-per-click. Google dominates this market with it's Adsense
program, which auctions off keywords to the highest bidder, places the winning
binners’ ads on to pages that match the keywords, and charges the bid amount
for every ad clicked on. The synergy between advertising and Internet search is
high. Most Web sessions begin with a search page, and when the right ads are
placed on search-results pages they are likely to be just what the user wanted.
We estimate that Google averages over .20 cents for every search result page it

displays..

Most of the essential components of an Internet search service like Google are
now well understood (e.g. Brin & Page 1998, Kobayashi & Takeda 2000,
Ghemawat et al. 2003, Mehta et al. 2007, Dean & Ghemawat 2008, Chang et al.
2008) and are available as open source from Hadoop Lucene, Nutch and related
projects (Kimbal et al. 2008). But these systems share a limitation long known in
the information retrieval literature: there is a trade off between quality and
quantity such that the sum of precision (the percentage of the results that are
relevant information) and recall (the percentage of all the relevant information
that is tin he results) very rarely exceeds 100%, and is typically much worse
(Salton 1975). For a study of the major search engines in 2004 the result for the
best query on the best engine was 122%, and the overall result for Google was
only 49% (Shafi and Rather, 2005). In practical terms: for the typical query many
results are not relevant and many relevant results are missing, and to do better
the user is forced to guess just which keywords were used in the desired

documents.
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Our unique value-added is an information-matching technology called J-Space.
This proposal focuses on text retrieval, where we have proven able to beat the
quality / quantity tradeoff, achieving combined precision and recall exceeding
160%. We have also been exploring the use of J-Space to improve the

effectiveness and profitability of add placement.
J-Space technology

Our technology is based mathematically on the now-common approach of
representing the content of text as vectors in a high-dimensional information
space, and retrieving information based on the similarity of the vectors (Salton
1968). In Salton’s vector model the dimensions of the space represent individual
keywords, so that texts are retrieved based on keyword matching. In a J-Space
the dimensions represent concepts, so that texts are retrieved based on

conceptual similarity.

Information spaces for text retrieval can be created using a psychometric
technique known as Classification Space Analysis or Judgment Space Analysis
(Ossorio 1964, 1966). This technique is founded on a social-psychological
analysis of the relation of subject matters, communities, and language. Put
briefly, a subject matter is the world of a community, and communities use
distinctive locutions to that correspond to the conceptual distinctions that they
need to make in that world (Putman 1990). For example, for the subject matters
of Astronomy or Baseball we have their corresponding worlds and communities,
with concepts like “planetary system” and “solar mass” for Astronomy and
“base hit” and “home run” for Baseball. Ossorio demonstrated that the locutions
used by different communities are sufficiently distinctive that the subject matter

of a text can most often be distinguished simply by observing these locutions.

Judgment Space Analysis involves identifying the concepts to be indexed,
identifying the terms (words or phrases) that correspond to the concepts,

collecting expert judgments of the relevance of each term to each concept, and
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using factor analysis of the quantified judgments to build a vector space, known
as a Judgment Space or J-Space, in which each concept is represented as an
orthogonal dimension and each term is represented as a vector of loadings on the

dimensions.

A document or query texts can be placed in a J-Space by combining the vectors of
its constituent terms, and the relevance of a document to a query can then be
estimated as vector similarity, where vector similarity can be indicated by such
functions as Euclidean distance, cosine, or dot product. Ossorio called this
operation Judgment Simulation, because it simulates the human behavior of
making relevance judgments. An effective retrieval service can be implemented

by simply returning an ordered list of the documents most similar to a query.

Over the years Ossorio and his colleagues (Jeffrey 1976, 1991, 1993, Ossorio &
Kurtz 1989, Kurtz 1992, Kurtz 1993) have used judgment simulation to build
several successful, and sometimes profitable, information-retrieval systems that
have typically exceed 80% precision and 80% recall In the 1960s results this
good were simply unprecedented, and purely statistical approaches like Latent
Semantic Indexing (Deerwester et al. 1990) are only recently (Hoffman 1999)
getting past that tradeoff.

Scaling Up

The problem with applying judgment space analysis at large scale has always
been the time and expense of obtaining the requisite expert judgments. Jeffrey
(2002) invented a means of drastically reducing the work by organizing the
subject matters hierarchy, along the lines of traditional bibliographic systems like
Dewey and Library of Congress. We estimate that an adequate set of judgments
to replicate the scope and precision of these systems would cost circa $5 million.
We also estimate that the scope of the Internet is at least an order of magnitude

greater.
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Yang & Chute (1992, 1994) have published an economical alternative, which
appears to be an independent reinvention of the J-Space concept and a novel
approach to building the space. Rather than work with direct judgments of the
relevance of terms to texts, they begin with a corpus of texts which have been
categorized by human experts. The problem then becomes simulating the term
relevance judgments so as to reproduce the observed text categorization
judgments, for which they derive a least-squares fit to a linear model that can be
solved via singular value decomposition (SVD). In tests of this technique on a
sample of categorized patient records they achieved simultaneous 84% precision
and and 84% recall.

How can we obtain a sufficient sample of text judgments to build Internet-scale J-
Spaces? By mining the Internet itself, which contains vast quantities of text and
forms an almost incomprehensibly complex network of links, many of them

representing direct human judgments.

In our current phase of research we are focusing on the Wikipedia (2009)
category system, in which over 4 million articles are assigned to one or more of
over 400 thousand categories. By observing the distribution of the words and
phrases in Wikipedia text across the Wikipedia categories we can get a position
for each word and phrase in the category space. The statistical distribution of
words and phrases is at best an indirect indication of their relevance to the
various categories, but work by Kurtz (2007, private communication) indicates
that such statistics can be effective proxies for direct relevance judgments,
provided the categories are well chosen and the text is well categorized.

Unfortunately, Wikipedia does not always meet those criteria.

We have recently built three prototype J-Spaces (Colvin, 2009) for three subsets
of the Wikipedia: 4,982-Algebra articles , 89,031 Mathematics and Computer
Science articles and 58,628 Psychology, Psychiatry, and Neurology articles. The
most successful space is Algebra, which was small enough for careful hand-

pruning of the included categories and articles. The larger, less-well-pruned
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subsets don’t do nearly so well. Statistically speaking, the Wikipedia is noisy
data.

Fortunately,Yang (1995) shows that a truncated SVD approximation to her linear
model can serve to filter the noise from categorization data. It appears that the
important concepts are well represented by the largest singular values, and the
noise of mistaken or idiosyncratic judgments is discarded with the smaller ones.
An additional benefit of SVD is careful selectio and rotation of the singular

vectors ab interpretable, visualizable structure can be found.

Until recently the best algorithms for SVD had polynomial complexity, such that
matrice. But recent work by Achlioptas & Mcsherry(2007) and Frieze et. al (2004)
show that it should be possible to approximate the SVD in near-linear time,

rather than the impractically polynomial time of previous methods.

Project plan

The proposed project will utilize industry best practices for rapidly-iterated,

open-source research and development.

Project information and computational resources are securely online, all
electronic communication is securely archived, project workflow is automated
with secure online systems, and key decisions are discussed and documented via
email among appropriate stakeholders. Source code, documentation, and test
cases will be maintained on a public version-control server, which will track all
changes made to the project. The system software will be automatically built and

tested daily, and tested labels published for release.

Wikis and Web pages will provide online documentation, blogs will support
ongoing public announcements and discussion of the project, and archived email
lists will be used for discussions among project contributors. Working
prototypes of the technology will be kept running on our Web site, with

mechanisms in place to monitor and log performance. The intent is to build
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relations with potential allies from the start, and to leverage their efforts into

continual evolutionary improvement of our technology.

To keep the evolution on track we must continually track the quality of our
simulations. The established measures of the quality of information retrieval are
precision and recall. But reliable estimates of precision and recall for a database
as large as Wikipedia will require large samples and expensive expertise to
obtain, so the proposed project will not yet attempt a formal evaluation of these
metrics. Instead we will use cross validation as our primary indicator of
progress, combined with ongoing discussion and qualitative analysis of our
growing collection of “interesting” queries and result sets. The cross validation
will be accomplished by randomly splitting our Wikipedia extracts in half,
building a J-Space for one half, using the space to categorize the text in the other
half, and computing the correlation between simulated and actual judgments.
Cross validations will be performed as part of testing, and significant reductions

in the correlations will be reported as regressions.

Given the tools described above it becomes possible to iteratively modify the
software while maintaining forward progress. Changes that cause test
regressions should never be checked in, but will even then be automatically
detected by the automatic testing, which will generate email to the offending
engineer and flag the label as failed. Changes can be easily backed out, divergent
paths of evolution can be merged back together, and no change checked in is

ever lost.

The plan of development begins with these improvements to our current system:
1. implement a near-linear SVD algorithm,
2. use the algorithm to approximate solutions to Yang & Chute’s linear
model, and
3. use these solutions to create J-Spaces.
We expect to make progress on these tasks before the project starts, and to have

them done by the end of the second month at latest.
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Once we have testable J-Spaces we will be looking for improvements. Known

possibilities for improvement include:

1. use more powerful statistics (e.g. reduced-rank decomposition of Term-

by-Text-by-Category tensors, Kolda 2009) to capture more structural
information the data,

extract better phrases, e.g. detection of lexicalized noun phrases (Godby
2002),

combine J-space similarity with Boolean keyword matching and SQL in
the judgment simulation, and, longer term,

engage the Wikipedia community to improve the quality of their category
hierarchy.

The first three tasks may also be underway by the time the project starts, and

should not take more than month each. A useful start to the fourth task would

be to devise tools that can automatically flag inconsistencies in the category

hierarchy, thus making it possible to correct the many problems without

inspecting the entire hierarchy.

At every step of our R&D process we will have a demonstrable prototype, and

by six months it should be very stable and performing well.

Directions for Further Research

The success of this proposal would open many opportunities for ongoing

research, including:

Perform formal precision and recall assessments and publish the results.
Use these assessments to identify weaknesses in our models that require
conceptual or statistical improvements.

Work with the Wikipedia community to improve and maintain their
category system, and thus improving the quality of our system. This will
be an application of Jeffrey’s hierarchical judgment space model.

Create tools for directly visualizing and navigating in information spaces.
Start crawling the Web, working concentrically outward from Wikipedia

and other important roots.
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Commercialization

Our commercial goal is to create a business to profit from our technology by

creating value for our customers and contributors.

In 2007 we drew up detailed plans for a well-financed venture that could provide
a full range of internet services, but the market has changed substantially since
then. The New York Times reported on April 1 that for there were no venture-
backed initial public offerings in the first quarter of 2009, that the average
number and size of acquisitions is down by half, and that more than half of those
deals lose money. Google reports that their first quarter revenue is down 3%

from the previous quarter. Yahoo reports that the average profitability of their

Internet Information Providers index has slipped from circa 20% to circa 5%.
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Given the market realities our current plans are to start slow, conserve cash,
and stick to our core competencies. So over the next year our primary
emphasis will be on our open-source project. This project promises to create a
demonstrably excellent search engine for Wikipedia, which is a highly visible
Web site. We plan to attract attention from the Wikipedia and broader
“open” community, and publish demonstrations of our technology that attract
attention and raise our credibility. And by operating in the open we plan to

make many allies among our contributors and potential customers.

The next winning business model for making a profit from search technology has
probably yet to be invented, but here are two reasonable scenarios that we can

begin to execute now.

Scenario One. Crawl a lot of the Web. The entire Web would be best. The entire
Wikipedia would a start. Everything reachable in six or seven degrees of
separation from Wikipedia would be better. All of .edu and .gov might be useful.
Find enough money to put the index online as a search service. Place ads on our
results page, from the open market at the OpenX.org open-source project, from

Doubleclick or AOL, or even from Google.

Scenario Two. Be the Firefox of search applications. Firefox is a powerful native
executable for browsing the Web that competes credibly with Microsoft’s
dominant Internet Explorer. Firefox is maintained by the open-source Mozilla
foundation and its for-profit subsidiary. One of its features is a search form that
gets its results from Google, displays Google ads, and gets a share of the pay-for-
click on those ads. We can build on the Firefox code to create a specialized
browser that uses J-Space to formulate complex Boolean queries that tease all the
relevant data out of Google, and we can display our results organizes by
conceptual relevance. On this plan we don’t need money to create and maintain

an inverted index of the Web.
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