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FULL TEXT QUERY AND SEARCH SYSTEMS AND METHOD OF USE

FIELD OF THE INVENTION
[0001] The present invention relates to information, and more particularly to methods

and systems for searching for information.

BACKGROUND

[0002] Traditional search methods for text content databases are mostly keyword-based.
Namely, a text database and its associated dictionary are first established. An inverse index file
for the database is derived from the dictionary, where the occurrence of each keyword and its
location within the database are recorded. When a query containing the keyword is entered, a
lookup in the inverse index is performed, where all entries in the database containing that
keyword are returned. For a search with multiple keywords, the lookup is performed multiple
times, followed by a “join” operation to find documents that contain all the keywords (or some
of them). In advanced search types, a user can specify exclusion words as well, where the
appearance of the specified words in an entry will exclude it from the results.
[0003] One major problem with this search method is “the huge number of hits” for one
or a few limited keywords. This is especially troublesome when the database is large, or the
media becomes inhomogeneous. Thus, traditional search engines limit the database content and
size, and also limit the selection of keywords. In world-wide web searches, one is faced with
very large database, and with very inhomogeneous data content. These limitations have to be
removed. Yahoo at first attempted using classification, putting restrictions on data content and
limit the database size for each specific category a use selects. This approach is very labor
intensive, and puts a lot of burden on the users to navigate among the multitude of categories and
sub categories.
[0004] Google addresses the “huge number of hits” problem by ranking the quality of
cach entry. For a web page database, the quality of an entry can be calculated by link number
(how many other web pages reference this site), the popularity of the website (how many visits
the page has), etc. For database of commercial advertisement, quality can be determined by
amount of money paid as well. Internet users are no longer burdened by traverse the multilayered
categories or limitation of keywords. Using any keyword, Google’s search engine returns a result
list that is “objectively ranked” by its algorithm. The Google search engine has its limitations:

+ Limitation on the number of search words: the number of keywords is limited

(usually less than 10 words). The selection of these words will greatly impact the



WO 2007/149623 PCT/US2007/067439

results. In many occasions, it may be hard to completely define a subject matter of
interest by a few keywords. A user is usually faced with the dilemma of selecting
the few words to search. Should a user be burdened in selecting the keywords? If
they do, how should they select?

* In many occasions, ranking of “hits” according to a quality is irrelevant. For
example, the database is a collection of patents, legal cases, internal emails, or
any of the text database where there is no “link number” allowing quality
assignments. “link number” exists only for Internet contents. There is no link
number for all other text databases except Internet. We need search engines for
them as well.

* “Huge number of hits” problem remains. It is not solved, but just hidden! The
user is still faced with a huge amount of irrelevant results. The ranking sometimes
may work, but in most of times, it just buries the most-wanted result very deep.
Worse of all, it forces an external quality judgment onto naive users. The results
one gets are biased by link numbers. They are not really “objective”.

[0005] Thus, in solving the “huge number of hits” problem, if you are unhappy with the
Google’s solution, what else can you do? Which direction informational retrieval will evolve
after Google?

[0006] Some conventional approaches to information searching are identified and

discussed below.

1. US patent: 5,265,065 — Turtle. Method and apparatus for information retrieval from a

database by replacing domain specific stemmed phases in a natural language to create a search

query

[0007] This patent proposes a method of eliminating common words (stopping words) in
a query, and also using stemming to reduces query complexities. These methods are now
common practice in the field. We use stopping words and stemming as well. But we went much
further. Our itom concept can be viewed as an extension of the stopping word concept. Namely,
by introducing a distribution function of all itoms. We can choose to eliminate common words at
any level a user desires. “Common” words in our definition is no longer a fixed given collection,

but a variable one depending on the threshold choosing by a user.
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2. US patent: 5,745,602 — Chen. Automatic method of selecting multi-word key phrases from a

document.

[0008] This patent provides an automatic method of generating key phrases. The method
begins by breaking the text of the document into multi-word phrases free of stop words which
begin and end acceptably. Afterward, the most frequent phrases are selected as key word
phrases. Chen’s method is much simpler compare to our automated itom identification methods.
We used several keyword selection methods in our program. First, in selecting keywords from
query for a full-text query. We choose a certain amount of “rare” words in the. Selecting
keyword this way provide the best differentiator for identifying related documents in the
database. In the second occasion, we have an automated program for phrase identification, or
complex itom identification. For example, to identify a two-word itom we compare the observed
frequency of its occurrence in the database to the expected frequency (calculated from the given
the distribution frequency for each word). If the observed frequency is much higher than the

expected frequency, then this two-word is an itom (phrase).

3. US patent: 5,765,150 — Burrows. Method for statistically projecting the ranking of information

[0009] This patent assigns a score to individual pages while performing searching of a
collection of web pages. The score is a cumulative number based on number of matching words
and the weights on these words. One way to determine the weight w of a word is: W=log P —log
N, where P is the number of pages indexed, and N is the number of pages which contain a
particular word to be weighed. Commonly occurring words specified in a query will contribute
negligibly to the total score or weight W of a qualified page, and pages including rare words will
receive a relatively higher score. Burrows’ search is limited to keyword searches. It handles the
keyword with a weighting scheme that is somehow related to our scoring system. Yet the
distinction is obvious. While we use a total distribution function of the entire database to assign
frequency (weights), while the weights used in Burrows is a much heuristic one. The root of the
weight: N/P is not a frequency. The information theoretic ideas are here in Burrows’ patent, but
the method is incomplete as compared to our method. We use a distribution function and its

associated Shannon information to calculate the “weight”.

4. US patent: 5,864,845 — Voorhees. Facilitating world wide web searches utilizing a multiple

search engine query clustering fusion strategy
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[0010] Because the search engines process queries in different ways, and because their
coverage of the Web differs, the same query statement given to different engines often produces
different results. Submitting the same query to multiple search engines can improve overall
search effectiveness. This patent proposes an automatic method for facilitating web searches. For
a single query, it combines results from different search engines to produce a single list that is
more accurate than any of the individual lists from which it is built. The method of ordering the
final combination is a little bit odd. While preserving the rank order from the same search
engine, it mixes the results from distinct search engines by a random die. We have proposed an
indirect search engine technology in our application. As we aim to be the first full-text as query
search engine for the internet, we use many distinct methods. The only thing that is the same
here is that both search engines employ results from different search engines. Here are some
distinctions: 1) we use a sample distribution function, which is a concept totally absent from
Voorhees. 2) we address the full-text as query problem as well as keyword searches, while
Voorhees is only appropriate for keyword searches; 2) we have a unified ranking once the
candidates from individual search engines are generated. We disregard the original order

returned completely, and use our own ranking system.

5. US patent: 6,065,003 — Sedluk. System and method for finding the closest match of a data
entry

[0011] This patent proposes a search system that generates and searches a find list for
matches to a search-entry. It intelligently finds the closet match of a single or multiple-word
search-entry in an intelligently generated find list of single and multiple-word entries. It allows
the search-entry containing spelling errors, letter transpositions, or word transpositions. This
patent is a specific search engine that is good for simple word matching. It has the capacity of
automatically fixing minor user query errors, and then finds the best matches in a candidate list
pool. It is different from ours, as we are focused more on complex queries, Sedluk’s patent is
focused on simple queries. We do not use automated spelling fixes. In fact, in some occasions,
spelling mistakes or grammatical mistakes contain the highest information amount, thus they
provide highest Shannon information amounts. These errors are of particular interest, for

example, in finding plagiarized documents, copyright violations of source codes, etc.
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6. Journal publication: Karen S. Jones. 1972. A statistical interpretation of term specificity and

its application in retrieval. J. of Documentation, Vol. 28, pp.11-21.

[0012] This is the original paper where the concept of inverse document frequency (IDF)
is introduced. The formula is log,N - log,n + 1, where N is the total number of documents in
collection, and n is the number of documents the term appeared. Thus, n<=N. This is based on
the intuition that a query term with occurs in many documents is not a good discriminator and
should be given less weight than one which occurs in documents. IDF concept and Shannon
information function both use log functions to provide a measure for words based on their
frequency. But the definition of frequency as in IDF is total different as we defined in our
version of Shannon information amount. The denominator we have for frequency is the total
number of words (or itoms), the denominator in Jones is the total number of entries in the
database. This difference is very fundamental. All the theories we derived in our patents, such as
distributed computing, or database search, cannot be derived from the IDF function. The

relationship between IDF and Shannon information function is never clear.

7. Journal publication: Stephen Robertson. 2004. Understanding inverse document frequency: on

theoretical arguments for IDF. J. of Documentation, Vol. 60, pp.503-520.

[0013] This paper is a good review of IDF history, the scheme known generically as
TF*IDF (where TF is a term frequency measure, and IDF a inverse document frequency
measure), and theoretical efforts toward reconciliation with Shannon information theory. It
shows that the information theoretic approaches developed so far are problematic, but there are
good justifications of both IDF and TF*IDF in traditional probabilistic model of information
retrieval. Dr. Robertson recognized the difficulties in reconcile between TF*IDF approach and
Shannon information theory. We think the two concepts are distinct. We totally abandoned the
TF*IDF weighting, and build our theoretical bases solely on Shannon information function. So
our theory is in total agreement with Shannon information. OQur system can measure similarity
between different articles within a database setting, whereas the TF*IDF approach is only
appropriate for computing a very limited number of words or phrases. Our approach is based on
simple, yet powerful assumptions, whereas the theoretical base for TF*IDF is hard to establish.
As aresult of this simple abstraction, the itomic measure theory has many profound applications,

such as in distributed computing, in clustering analysis, in searching unstructured data, and in
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searching structured data. The itomic measure theory can be applied to study the search problem

when order of text matters, whereas the IF*IDF approach has not addressed this type of problem.
[0014] Given the above and other shortcomings of the above approaches, a need remains

in the art for the teachings of the present invention.

[0015] Co-pending application No. 11/259,468 dramatically advanced the state of the art

of information searching.

[0016] The present invention extends the teachings of the co-pending application to solve

these and other problems, and addresses many other needs in the art.

SUMMARY
[0017] Roughly described, in an aspect of the invention, a database searching method
ranks hits in dependence upon an information measure of itoms shared by both the hit and the
query. An information measure is a kind of importance measure, but excludes importance
measures like the number of incoming citations, a la Google. Rather, an information measure
attempts to indicate the information value of a hit. The information measure can be a Shannon
information score, or another measure which indicates the information value of the shared itoms.
An itom can be a word or other token, or a multi-word phrase, and can overlap with each other.
Synonyms can be substituted for itoms in the query, with the information measure of substituted
itoms being derated in accordance with a predetermined measure of the synonyms' similarity.
Indirect searching methods are described in which hit from other search engines are re-ranked in
dependence upon the information measures of shared itoms. Structured and completely
unstructured databases may be searched, with hits being demarcated dynamically. Hits may be
clustered based upon distances in an information-measure-weighted distance space.
[0018] An embodiment of the invention provides a search engine for text-based
databases, the search engine comprising an algorithm that uses a query for searching, retrieving,
and ranking text, words, phrases, Itoms, or the like, that are present in at least one database. The
search engine uses ranking based on Shannon information score for shared words or Itoms
between query and hits, ranking based on p-values, calculated Shannon information score, or p-
value based on word or Itom frequency, percent identity of shared words or Itoms.
[0019] Another embodiment of the invention provides a text-based search engine
comprising an algorithm, the algorithm comprising the steps of: 1) means for comparing a first
text in a query text with a second text in a text database, ii) means for identifying the shared
Itoms between them, and iii) means for calculating a cumulative score or scores for measuring

the overlap of information content using a Itom frequency distribution, the score selected from
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the group consisting of cumulative Shannon Information of the shared Itoms, the combined p-
value of shared Itoms, the number of overlapping words, and the percentage of words that are
overlapping.

[0020] In one embodiment the invention provides a computerized storage and retrieval
system of text information for searching and ranking comprising: means for entering and storing
data as a database; means for displaying data; a programmable central processing unit for
performing an automated analysis of text wherein the analysis is of text, the text selected from
the group consisting of full-text as query, webpage as query, ranking of the hits based on
Shannon information score for shared words between query and hits, ranking of the hits based on
p-values, calculated Shannon information score or p-value based on word frequency, the word
frequency having been calculated directly for the database specifically or estimated from at least
one external source, percent identity of shared Itoms, Shannon Information score for shared
Itoms between query and hits, p-values of shared Itoms, percent identity of shared Itoms,
calculated Shannon Information score or p-value based on Itom frequency, the Itom frequency
having been calculated directly for the database specifically or estimated from at least one
external source, and wherein the text consists of at least one word. In an alternative
embodiment, the text consists of a plurality of words. In another alternative embodiment, the
query comprises text having word number selected from the group consisting of 1-14 words, 15-
20 words, 20-40 words, 40-60 words, 60-80 words, 80-100 words, 100-200 words, 200-300
words, 300-500 words, 500-750 words 750-1000 words, 1000-2000 words, 2000-4000 words,
4000-7500 words, 7500-10,000 words, 10,000-20,000 words, 20,000-40,000 words, and more
than 40,000 words. In a still further embodiment, the text consists of at least one phrase. In a
yet further embodiment, the text is encrypted.

[0021] In another embodiment the system comprises system as disclosed herein and
wherein the automated analysis further allows repeated Itoms in the query and assigns a
repeated Itom with a higher score. In a preferred embodiment, the automated analysis ranking is
based on p-value, the p-value being a measure of likelihood or probability for a hit to the query
for their shared Itoms and wherein the p-value is calculated based upon the distribution of Itoms
in the database and, optionally, wherein the p-value is calculated based upon the estimated
distribution of Itoms in the database. In an alternative, the automated analysis ranking of the hits
is based on Shannon Information score, wherein the Shannon Information score is the
cumulative Shannon Information of the shared Itoms of the query and the hit. In another
alternative, the automated analysis ranking of the hit is based on percent identity, wherein

percent identity is the ratio of 2*(shared Itoms) divided by the total Itoms in the query and the hit
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[0022] In another embodiment of the system disclosed herein, counting Itoms within the
query and the hit is performed before stemming. Alternatively, counting Itoms within the query
and the hit is performed after stemming. In another alternative, counting Itoms within the query
and the hit is performed before removing common words. In yet another alternative, counting
Itoms within the query and the hit is performed after removing common words.

[0023] In a still further embodiment of the system disclosed herein ranking of the hits is
based on a cumulative score, the cumulative score selected from the group consisting of on p-
value, Shannon Information score, and percent identity. In one preferred embodiment, the
automated analysis assigns a fixed score for each matched word and a fixed score for each
matched phrase.

[0024] In another embodiment of the system, the algorithm further comprises means for
presenting the query text with the hit text on a visual display device and wherein the shared text
is highlighted.

[0025] In another embodiment the database further comprises a list of synonymous
words and phrases.

[0026] In a yet other embodiment of the system, the algorithm allows a user to input
synonymous words to the database, the synonymous words being associated with a relevant
query and included in the analysis. In another embodiment the algorithm accepts text as a query
without soliciting a keyword, wherein the text is selected from the group consisting of an
abstract, a title, a sentence, a paper, an article, and any part thereof. In the alternative, the
algorithm accepts text as a query without soliciting a keyword, wherein the text is selected from
the group consisting of a webpage, a webpage URL address, a highlighted segment of a
webpage, and any part thereof.

[0027] In one embodiment of the invention, the algorithm analyzes a word wherein the
word is found in a natural language. In a preferred embodiment the language is selected from
the group consisting of Chinese, French, Japanese, German, English, Irish, Russian, Spanish,
Italian, Portuguese, Greek, Polish, Czech, Slovak, Serbo-Croat, Romanian, Albanian, Turkish,
Hebrew, Arabic, Hindi, Urdu, Thai, Togalog, Polynesian, Korean, Viet, Laosian, Kmer,
Burmese, Indonesian, Swedish, Norwegian, Danish, Icelandic, Finnish, Hungarian, and the like.
[0028] In another embodiment of the invention, the algorithm analyzes a word wherein
the word is found in a computer language. In a preferred embodiment, the language is selected
from the group consisting of C/C++/C#, JAVA, SQL, PERL, PHP, and the like.

[0029] Another embodiment of the invention provides a processed text database derived

from an original text database, the processed text database having text selected from the group
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consisting of text having common words filtered-out, words with same roots merged using
stemming, a generated list of Itoms comprising words and automatically identified phrases, a
generated distribution of frequency or estimated frequency for each word, and the Shannon
Information associated with each Itom calculated from the frequency distribution.

[0030] In another embodiment of the system disclosed herein, the programmable central
processing unit further comprises an algorithm that screens the database and ignores text in the
database that are most likely not relevant to the query. In a preferred embodiment, the screening
algorithm further comprises reverse index lookup where a query to the database quickly
identifies entries in the database that contain certain words that are relevant to the query.

[0031] Another embodiment of the invention provides a search engine process for
searching and ranking text, the process comprising the steps of 1) providing the computerized
storage and retrieval system as disclosed herein; i1) installing the text-based search engine in the
programmable central processing unit; and iii) inputting text, the text selected from the group
consisting of text, full-text, or keyword; the process resulting in a searched and ranked text in the
database.

[0032] Another embodiment of the invention provides a method for generating a list of
list of phrases, their distribution frequency within a given text database, and their associated
Shannon Information score, the method comprising the steps of 1) providing the system disclosed
herein; i1) providing a threshold frequency for identifying successive words of fixed length of
two words, within the database as a phrase; ii1) providing distinct threshold frequencies for
identifying successive words of fixed length of 3, 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, and 20 words within the database as a phrase; iv) identifying the frequency value of each
identified phrase in the text database; v) identifying at least one Itom; and vi) adjusting the
frequency table accordingly as new phrases of fixed length are identified such that the
component Itoms within an identified Itom will not be counted multiple times, thereby
generating a list of phrases, their distribution frequency, and their associated Shannon
Information score.

[0033] Another embodiment of the invention provides a method for comparing two
sentences to find similarity between them and provide similarity scores wherein the comparison
is based on two or more items selected from the group consisting of word frequency, phrase
frequency, the ordering of the words and phrases, insertion and deletion penalties, and utilizing
substitution matrix in calculating the similarity score, wherein the substitution matrix provides a

similarity score between different words and phrases.
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[0034] Another embodiment of the invention provides a text query search engine
comprising means for using the methods disclosed herein, in either full-text as query search
engine or webpage as query search engine.

[0035] Another embodiment of the invention provides a search engine comprising the
system disclosed herein, the database disclosed herein, the search engine disclosed herein, and
the user interface, further comprising a hit, the hit selected from the group consisting of hits
ranked by website popularity, ranked by reference scores, and ranked by amount of paid
advertisement fees. In one embodiment, the algorithm further comprises means for re-ranking
search results from other search engines using Shannon Information for the database text or
Shannon Information for the overlapped words. In another embodiment, the algorithm further
comprises means for re-ranking search results from other search engines using a p-value
calculated based upon the frequency distribution of Itoms within the database or based upon the
frequency distribution of overlapped Itoms.

[0036] Another embodiment of the invention provides a method for calculating the
Shannon Information for the repeated Itoms in query and in hit, the method comprising the step
of calculating the score S using the equation S=min(n,m)*S,, , wherein S, is the Shannon
Information of the Itom and wherein the number of times a shared Itom is in the query is m and
the number of times the shared Itom is in the hit is n.

[0037] Another embodiment of the invention provides a method for ranking
advertisements using the full-text search engine disclosed herein, the search engine process
disclosed herein, the Shannon Information score, and the method for calculating the Shannon
Information disclosed above, the method further comprising the step of creating an
advertisement database. In one embodiment, the method for ranking the advertisement further
comprises the step of outputting the ranking to a user via means selected from the group
consisting of a user interface and an electronic mail notification.

[0038] Another embodiment of the invention provides a method for charging customers
using the methods of ranking advertisements and that is based upon the word count in the
advertisement and the number of links clicked by customers to the advertiser’s site.

[0039] Another embodiment of the invention provides a method for re-ranking the
outputs from a second search engine, the method further comprising the steps of 1) using a hit
form the second search engine as a query; and ii) generating a re-ranked hit using the method for
claim 26, wherein the searched database is limited to all the hits that had been returned by the

second search engine.
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[0040] Another embodiment of the invention provides a user interface that further
comprises a first virtual button in virtual proximity to at least one hit and wherein when the first
virtual button is clicked by a user, the search engine uses the hit as a query to search the entire
database again resulting in a new result page based on that hit as query. In another alternative,
the user interface further comprises a second virtual button in virtual proximity to at least one hit
and wherein when the second virtual button is clicked by a user, the search engine uses the hit as
a query to re-rank all of the hits in the collection resulting in a new result page based on that hit
as query. In one embodiment, the user interface further comprises a search function associated
with a web browser and a third virtual button placed in the header of the web browser. In
another embodiment, the third virtual button is labeled “search the internet” such that when the
third virtual button is clicked by a user the search engine will use the page displayed as a query
to search the entire Internet database.

[0041] Another embodiment of the invention provides a computer comprising the system
disclosed herein and the user interface, wherein the algorithm further comprises the step of
searching the Internet using a query chosen by a user.

[0042] Another embodiment of the invention provides a method for compressing a text-
based database comprising unique identifiers, the method comprising the steps of: 1) generating a
table containing text; i1) assigning an identifier (ID) to each text in the table wherein the ID for
cach text in the table is assigned according to the space-usage of the text in the database, the
space-usage calculated using the equation freq(text)*length(text); and iii) replacing the text in
the table with the IDs in a list in ascending order, the steps resulting in a compressed database.
In a preferred embodiment of the method, the ID is an integer selected from the group consisting
of binary numbers and integer series. In another alternative, the method further comprises
compression using a zip compression and decompression software program. Another
embodiment of the invention provides a method for decompressing the compressed database, the
method comprising the steps of 1) replacing the ID in the list with the corresponding text, and i1)
listing the text in a table, the steps resulting in a decompressed database.

[0043] Another embodiment of the invention provides a full-text query and search
method comprising the compression method as disclosed herein further comprising the steps of 1)
storing the databases on a hard disk; and ii) loading the disc content into memory. In another
embodiment the full-text query and search method further comprises the step of using various
similarity matrices instead of identity mapping, wherein the similarity matrices define Itoms and
their synonyms, and further optionally providing a similarity coefficient between 0 and 1,

wherein 0 means no similarity and 1 means identical.

11
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[0044] In another embodiment the method for calculating the Shannon Information
further comprises the step of clustering text using the Shannon information. In one embodiment,
the text is in format selected from the group consisting of a database and a list returned from a
search.

[0045] Another embodiment of the invention provides the system herein disclosed and
the method for calculating the Shannon Information further using Shannon Information for
keyword based searches of a query having less than ten words wherein the algorithm comprises
the constants selected from the group consisting of a damping coefficient constant o, where
0<=0<=1 and a damping location coefficient constant B, where 0<=3<=1, and wherein the total
score is a function of the shared Itoms, total query Itom number K, and the frequency of each
Itom in the hit, and o and 3. In one embodiment, the display further comprises multiple
segments for a hit and the segmentation determined according to the feature selected from the
group consisting of a threshold feature wherein the segment has a hit to the query above that
threshold, a separation distant feature wherein there is significant word separating the two
segments, and at an anchor feature at or close to both the beginning and ending of the segment,
wherein the anchor is a hit word.

[0046] In one alternative embodiment the system herein disclosed and the method for
calculating the Shannon Information are used for screening junk electronic mail.

[0047] In another alternative embodiment the system herein disclosed and the method for
calculating the Shannon Information are used for screening important electronic mail.

[0048] As information amount increases, the need for accurate information retrieval
increases. Current search engines are mostly keyword and Boolean-logic based. If a database is
large, for most queries, these keyword-based search engines return huge number of records
ranked in various flavors. We propose a new search concept, called “full-text as query search”,
or “content search”, or “long-text search”. Our search is not limited to matching a few keywords,
but measures similarity between a query and all entries in the database, and rank them based on a
global similarity score or a localized similarity score within a window or segment where the
similarity with the query is significant. The comparison is performed at the level of itoms, which
can (in various embodiments) constitute words, phrases, or concepts represented by words and
phrases. Itoms can be imported externally from word/phrase dictionaries, and/or they can be
generated by automated algorithms. Similarity scores (global and local) are calculated by the
summation of the Shannon information amount for all matched or similar itoms. Compared with

existing technology, we have no limit on number of query keywords, no limit on database
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content except that it is textual, no limitation on language or the understanding of semantics, and
it can handle large database sizes. Most importantly, our search engine calculates the
informational relevance between a query and its hits objectively and ranks the hits based on this
informational relevance.

[0049] In this application we disclose the method for automated itom identification,
localized similarity score calculation, employing similarity matrix to measure itoms that are
related, and generating similarity scores from distributed databases. We defined a distance
function that measures the differences in informational space. This distance function can be used
to cluster collections of related entries, especially the output from a query. As an example, we
show examples of how we apply our search engine to Chinese database searches. We also
provide methods for distributed computing, and for database updating.

[0050] As information amount increases, the need for accurate information retrieval
increases. Current search engines are mostly keyword and Boolean-logic based. If a database is
large, for most queries, these keyword-based search engines return huge number of records
ranked in various flavors. We propose a new search concept, called “full-text as query search”,
or “content search”, or “long-text search”. Our search is not limited to matching a few keywords,
but measures similarity between a query and all entries in the database, and rank them based on a
global similarity score or a localized similarity score within a window or segment where the
similarity with the query is significant. The comparison is performed at the level of itoms, which
are defined as words, phrases, and concepts represented by words and phrases. Itoms can be
imported externally from word/phrase dictionaries, or/and they can be generated by automated
algorithms. Similarity scores (global and local) are calculated by the summation of the Shannon
information amount for all matched or similar itoms. Compared with existing technology, we
have no limit on number of query keywords, no limit on database content except that it is textual,
no limitation on language or the understanding of semantics, and it can handle large database
sizes. Most importantly, our search engine calculates the informational relevance between a
query and its hits objectively and ranks the hits based on this informational relevance.

[0051] In this patent application, we will first review the key components of itomic
measure theory for information management as described in the co-pending application. We then
provide a list of potential applications of this itomic measure theory. Some are basic application
such as scientific literature search or patent search for prior arts, email screening for junk mails,
identifying job candidates by measuring job description against candidate resumes. Other
applications are more advanced. This includes an indirect Internet search engine; search engine

for unstructured data, such as data distributed in a cluster of clients; search engine for structured
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data, such as relational databases; search engine for ordered itomic data; and the concept of

search by example. Finally, we extend the applications to non-text data content.

BRIEF DESCRIPTION OF THE DRAWINGS
[0052] These and other aspects and features of the present invention will become
apparent to those ordinarily skilled in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures, wherein:

[0053] The Figure 1 illustrates how the hits are ranked according to overlapping Itoms in
the query and the hit.
[0054] Figure 2 is a schematic flow diagram showing how one exemplary embodiment of

the invention is used.

[0055] Figure 3 is a schematic flow diagram showing how another exemplary
embodiment of the invention is used.

[0056] Figure 4 illustrates an exemplary embodiment of the invention showing three
different methods for query input.

[0057] Figure 5 illustrates an exemplary output display listing hits that were identified
using the query text passage using the query of Figure 4.

[0058] Figure 6 illustrates a comparison between the query text passage and the hit text
passage showing shared words, the comparison being accessed through a link in the output
display of Figure 5.

[0059] Figure 7 illustrates a table showing the evaluated SI_score for individual words in
the query text passage compared with the same words in the hit text passage, the table being

accessed through a link in the output display of Figure 5.

[0060] Figure 8 illustrates the exemplary output display listing shown in Figure 5 sorted
by percentage identity.
[0061] Figure 9 illustrates an alternative exemplary embodiment of the invention

showing three different methods for query input wherein the output displays a list of non-
interactive hits sorted by SI score.
[0062] Figure 10 illustrates an alternative exemplary embodiment of the invention

showing one method for query input of a URL address that is then parsed and used as a query

text passage.
[0063] Figure 11 illustrates the output using the exemplary URL of Figure 10.
[0064] Figure 12 illustrates an alternative exemplary embodiment of the invention

showing one method for query input of a keyword string that is used as a query text passage.
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[0065] Figure 13 illustrates the output using the exemplary keywords of Figure 12.
[0066] Figure 14 is a screenshot of a user login page for access to our full-text as query
search engine. A user can create his own account, and can obtain his password if he forgets;
[0067] Figure 15A is a screenshot of a keyword query to the Medline database. On the
top of the main page (not visible here) a user can select the database he wants to search. In this
case, the user selected MEDLINE database. He inputs some keywords for his search. On the
bottom of the page, there is links to US-PTO, Medline, etc. These links bring user to the main
query pages of these external databases;

[0068] Figure 15B is a screenshot of the summary response page from the keyword
query. On the left side the “Primary _id” column has a link (called left-link, or highlight link). It
points to the hightlight page (Figure 15C below). The middle link is the external data link
(source of the data in MedLine in this case), and the “SI_score” column, (called the right link, or
the itom list link) is a list of matched itoms and their information amounts. Last column shows
the percentage of word matching;

[0069] Figure 15C is a screenshot wherein left-link showing matched keywords between
query and hit. The query words are listed on top of the page (not visible here). The matching
keywords are highlighted in red color;

[0070] Figure 15D is a screenshot showing the itom-list link, also known as the right-
link. It lists all the itoms (keywords in this case), their information amount, frequency in query
and in hit, and how much it contributed toward the Shannon information score in each time of its
occurrences. The SI_score for each occurrence is different is because of the implementation of
information damping in keyword-based searches;

[0071] Figure 16A is a screenshot showing a full-text query in another search. Here the
user’s input is a full-text taking from the abstract of a published paper. The user selected to
search US-PTO patent database this time;

[0072] Figure 16B is a screenshot showing a summary page from a full-text as query
search against the US-PTO database (containing both the published applications and issued
patents). The first column contains the primary_id, or the patent/application ids, and has a link,
called the left-link, the highlight link, or the alignment link. The second column is the title and
additional meta-data for the patent/application, and has a link to the US-PTO abstract page. The
third column is the Shannon information score, and has a link to itom list page. The last column
is the percent identity column;

[0073] Figure 16C is a screenshot illustrating a Left-link, or the alignment link showing
the alignment of query text next to the hit text. Matching itoms are high-lighted. A highlighted

15



WO 2007/149623 PCT/US2007/067439

text in red color indicates a matching word; and a highlighted text in blue color indicates a
matching phrase;

[0074] Figure 16D is a screenshot illustrating the middle link page, or the title link page.
It points to the external source of the data, in this case it is an article appeared in Genomics;
[0075] Figure 16E is a screenshot illustrating the itom-list link, or the right-link. It lists
all the matched itoms between the query and hits. The information amount of each itom, their
frequency in query and in hit, and their contribution to the total amount of Shannon information
in the final SI_score;

[0076] Figure 17A is a screenshot illustrating an example of searching using a Chinese
BLOG database with localized alignments. This is the query page;

[0077] Figure 17B is a screenshot illustrating a summarized return page from the query
in 17A. The right-side contain 3 columns: the localized score, the percent of itoms identical, and
the global score is on the right-most column;

[0078] Figure 17C is a screenshot illustrating an alignment page showing the first high-
scoring window. Red colored characters mean a character match; blue colored characters are
phrases;

[0079] Figure 17D is a screenshot illustrating a right link from the localized score,
showing matching itoms in the first high scoring window;

[0080] Figure 17E is a screenshot showing the high-scoring window II from the same
search. Here is the alignment page for this HSW from the left link;

[0081] Figure 17F is a screenshot showing matching itoms from the HSW 2. This page is
obtained by clicking the right-side link on “localized score”;

[0082] Figure 17G is a screenshot showing a list of itoms from the right-most link,

showing matched itoms and their contribution to the global score;

[0083] Figure 18A is a diagram illustrating a function of information d(A,B);
[0084] Figure 18B is a diagram illustrating a centroid of data points;
[0085] Figure 18C is a schematic dendrogram illustrating a hierarchical relationship

among data points;

[0086] Figure 19 illustrates a distribution function of a database.

[0087] Figure 20A is a diagram of an outline of major steps in our indexer in accordance
with an embodiment.

[0088] Figure 20B is a diagram of sub steps in identifying an n-word itom in accordance

with an embodiment.
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[0089] Figure 20C is a diagram showing how the inverted index file (aka reverse index
file) is generated in accordance with an embodiment.

[0090] Figure 21A illustrates an overall architecture of a search engine in accordance
with an embodiment.

[0091] Figure 21B is a diagram showing a data flow chart of a search engine in
accordance with an embodiment.

[0092] Figure 22A illustrates psuedocode of distinct itom parser rules in accordance with
an embodiment.

[0093] Figure 22B illustrates psuedocode of itom selection and sorting rules in
accordance with an embodiment.

[0094] Figure 22C illustrates psuedocode of classifying words in query itoms into 3
levels in accordance with an embodiment.

[0095] Figure 22D illustrates psuedocode of generating canidates and computing hit-

scores in accordance with an embodiment.

[0096] Figure 23A is a screenshot of a user login page in accordance with an
embodiment.

[0097] Figure 23B is a screenshot of a main query page in accordance with an
embodiment.

[0098] Figure 23C is a screenshot of a “Search Option” link in accordance with an
embodiment.

[0099] Figure 23D is a screenshot of a sample results summary page in accordance with

an embodiment.

[00100] Figure 23E is a screenshot of a highlighting page for a single hit entry in
accordance with an embodiment.

[00101] Figure 24 illustrates an overall architecture of Federated Search in accordance
with an embodiment.

[00102] Figure 25A is a screenshot of a user interface for a Boolean-like search in
accordance with an embodiment.

[00103] Figure 25B is a screenshot of a Boolean-like query interface for unstructured data
in accordance with an embodiment.

[00104] Figure 25C is a screenshot of a Boolean-like query interface for structured
databases with text fields in accordance with an embodiment.

[00105] Figure 25D is a screenshot of an advanced query interface to USPTO in

accordance with an embodiment.
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[00106] Figure 26 is a screenshot of a cluster view of search results in accordance with an
embodiment.
[00107] Figure 27 illustrates a database indexing “system”, searching “system”, and user

“system”, all connectable together via a network in accordance with an embodiment.

[00108] Figure 28 illustrates a schematic diagram of a distributed computer environment
in accordance with an embodiment.

[00109] Figure 29 is a screenshot of an output from a stand-alone clustering based on
itomic-distance in accordance with an embodiment.

[00110] Figure 30 is a screenshot of a graphical display of clusters and their relationship

in accordance with an embodiment.

DETAILED DESCRIPTION
[00111] The present invention will now be described in detail with reference to the
drawings, which are provided as illustrative examples of the invention so as to enable those
skilled in the art to practice the invention. Notably, the figures and examples below are not
meant to limit the scope of the present invention to a single embodiment, but other embodiments
are possible by way of interchange of some or all of the described or illustrated elements.
Moreover, where certain elements of the present invention can be partially or fully implemented
using known components, only those portions of such known components that are necessary for
an understanding of the present invention will be described, and detailed descriptions of other
portions of such known components will be omitted so as not to obscure the invention. In the
present specification, an embodiment showing a singular component should not be considered
limiting; rather, the invention is intended to encompass other embodiments including a plurality
of the same component, and vice-versa, unless explicitly stated otherwise herein. Moreover,
applicants do not intend for any term in the specification or claims to be ascribed an uncommon
or special meaning unless explicitly set forth as such. Further, the present invention
encompasses present and future known equivalents to the known components referred to herein
by way of illustration.

(13 2% ¢
a

[00112] Asused herein and in the appended claims, the singular forms an,” and
“the” include plural reference unless the context clearly dictates otherwise. Thus, for example, a
reference to “a phrase” includes a plurality of such phrases, and a reference to “an algorithm” is

a reference to one or more algorithms and equivalents thereof, and so forth.

Definitions
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[00113] Database and its entries: a database here is a text-based collection of individual
text files. Each text file is an entry. Each entry has a unique primary key (the name of the entry).
We expect the variance within the length of the entries not so large. As used herein, the term
“database” does not imply any unity of structure and can include, for example, sub-databases,
which are themselves "databases".

[00114] Query: a text file that contains information in the same category as in the
database. Something that is of special interest to the user. It can also be an entry in the database.
[00115] Hit: a hit is a text file entry in the database where the overlap of query and the hit
in the words used are calculated to be significant. Significance is associated with a score or
multiple scores as disclosed below. When the overlapped words have a collective score above a
certain threshold, it is considered to be a hit. There are various ways of calculating the score, for
example, tracking the number of overlapped words; using cumulated Shannon Information
associated with the overlapping word; calculating a p-value that indicates how likely that the hit
associated with the query is due to chance. As used herein, depending on the embodiment, a
“hit” can constitute a full document or entry, or it can constitute a dynamically demarcated
segment. The terms document, entry, and segment are defined in the context of the database
being searched.

[00116] Hit score: a measure (i.c. a metric) used to record the quality of a hit to a query.
There are many ways of measuring this hit quality, depending on how the problem is viewed or
considered. In the simplest scenario the score is defined as the number of overlapped words
between the two texts. Thus, the more words are overlapped, the higher the score. The ranking
by citation of the hit that appears in other sources and/or databases is another way. This method
is best used in keyword searches, where 100% matches to the query is sufficient, and the sub-
ranking of documents that contend the keywords is based on how important each website is. In
the aforementioned case importance is defined as “citation to this site from external site”. In a
search engine embodiment of the invention, the following hit scores can be used with the
invention: percent identity, number of shared words and phrases, p-value, and Shannon
Information. Other parameters can also be measured to obtain a score and these are well known
to those in the art.

[00117] Word distribution of a database: for a text database, there is a total unique word
count: N. Each word w has its frequency f(w), meaning the number of appearance within the
database. The total number of words in the database is Tw=S; f(wi), i=1, ..., N, where S; means

the summation over all i. The frequency for all the words w (a vector here), F(w), is termed the
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distribution of the database. This concept is from the probability theory. The word distribution
can be used to automatically remove redundant phrases.

[00118] Duplicated word counting: If a word appears both once in query and in hit, it is
easy to count it as a common word shared by the two documents. The invention contemplates
accounting for a word thatappears more than one time in both query and in hit? One embodiment
will follow the following rules: for duplicated words in query (present m times) and in hit
(present n times), the numbers are counted as: min (m, n), the smaller of m and n.

[00119] Percent identity: A score to measure the similarity between two files (query and
hit). In one embodiment it is the percentage of words that are identical between the query file
and the hit file. Percent identity is defined as:

2*number _of shared words)/(total words_in_query + total words_in_hit). For duplicated
words in query and hit, we follow the rule in item 6. Usually, the higher the score, the more
relevant are the two entries. If the query and the hit are identical, percent identity = 100%.
[00120] p-value: the probability of the appearance of common words in the query and the
hit that is purely by chance, given the distribution function F(w) for the database. This p-value is
calculated using rigorous probability theory, but it is a little bit hard. As a first degree
approximation, we will use p= pip(w;), where p; is the multiplication over all i’s for the words
shared in the hit and query, and p(w;) is the probability of each word, p(w;) = f(wi)/Tw. The real
p-value is linearly correlated to this number but has a multiplication factor that is related to the
size of query, the hit, and the database.

[00121] Shannon Information for a word: In more complex scenarios, the score can be
defined as the cumulated Shannon Information of the overlapped words, where the Shannon
Information is defined as —logy(f/Ty) where f is the frequency of the word, the number of
appearances of the word within the database, and Ty, is the total number of words in the database.
[00122] Phrase means a list of words in a fixed consecutive order and is sclected from a
text and/or database using an algorithm that determines its frequency of appearing in the
database (word distribution).

[00123] Itom (also sometimes called "Infotom" herein) is the basic unit of information
associated with a word, phrase, and/or text, both in a query and in a database. The word, phrase,
and/or text in the database is assigned a word distribution frequency value and becomes an Itom
if the frequency value is above a predefined frequency. The predetermined frequency can differ
between databases and can be based upon the different content of the databases, for example, the
content of a gene database is different to the content of a database of Chinese literature, or the

like. The predetermined frequency for different databases can be summarized and listed in a
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frequency table. The table can be freely available to a user or available upon payment of a fee.
The frequency of distribution of the Itom is used to generate the Shannon Information and the p
value. If the query and the hit have an overlapping and/or similar Itom frequency the hit is
assigned a hit score value that ranks it towards or at the top of the output list. In some cases, the
term “word’ is synonymous with the term “Itom”; in other cases the term “phrase” is
synonymous with the term “Itom”. The term "Itom" is used herein in its general sense, and any
specific embodiment can limit the kinds of itoms it supports. Additionally, the kinds of itoms
allowed can be different for different steps in even a single embodiment. In various embodiments
the itoms supported can be limited to phrases, or can be limited to contiguous sequences of one
or more tokens, or even can be limited to individual tokens only. In an embodiment, itoms can
overlap with each other (either in the hit or in the query or both), whereas in another embodiment
itoms are required to be distinct. As used herein, the term "overlap” is intended to include two
itoms in which one is partially or wholly contained in the other.
[00124] Shannon entropy and information for an article or shared words between
two articles
Let X be a discrete random variable on a set x = {xy, ..., Xa}, with probability p(x)=Pr(X=x).
The entropy of X, H(X), is defined as:

H(X) = - Sip(xi) logap(xi)
Where Si defines the summation over all i. The convention 0log,0 =0 is adopted in the
definition. The logarithm is usually taken to the base 2. When applied to the text search problem,
the X is our article, or the shared words between two articles (with the each word having a
probability from the dictionary), the probability can be the frequency of words in the database or
estimated frequency. The information within the text (or the intersection of two texts): I(X) = -
Siloga(x;).
[00125] A "Token", as the term is used herein, is an atomic element considered by the
embodiment. In one embodiment, a token is a word in a natural language (such as English). In
another embodiment, a token is a Chinese character. In another embodiment, a token is the same
as what is considered a token by a parser of a computer language. In yet another embodiment, a
token is a word as represented in ciphertext. Other variations will be apparent to the reader. In
most embodiments described herein the database is text and a token is a word, and it will be
understood that unless the context requires otherwise, wherever the term "text" or "word" is
used, different embodiments exist in which a different kind of database content is used in place

of "text" or a different kind of token is used in place of the "word".
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[00126] An itom said herein to be “shared” by both the hit and the query does not require
that it be found identically in both; the term includes the flexibility to find synonyms, correlated
words, misspellings, alternate word forms, and any other variations deemed to be equivalent in

the embodiment. It also includes itoms added into the query by means of a query expansion step

as described herein.

[00127] An information measure is also sometimes referred to herein as a "selectivity
measure”.
[00128] As used herein, a database may be divided into one or more "entries", which may

be further subdivided into one or more "cells". In an embodiment in which the database is
structured, such as in a relational database environment, an entry may correspond to a row in a
table, and a "cell" may correspond to a row and column combination in the table. In an
environment in which the database is semi-structured, such as a collection of documents, then an
entry may correspond to a document; if the document is not further subdivided, then the cell is
co-extensive with the entry. In an environment in which the database is completely unstructured,
such as un-demarcated text, the entire database constitutes a single entry and a single cell.
[00129] As used herein, approximation or estimation includes exactness as a special case.
That is, a formula or process that produces an exact result is considered to be within the group of
formulas or processes that "approximate" or "estimate" the result.

[00130] As used herein, the term “system” does not imply any unity of structure and can
include, for example, sub-systems.

[00131] As used herein, the term “network” does not imply any unity of structure and can
include, for example, subnets, local area nets, wide area nets, and the internet.

[00132] As used herein, a function g(x) is “monotonically non-increasing” or
“monotonically decreasing” if, whenever x<y, then g(x)>=g(y), i.c., it reverses the order. A
function g(x) is “strictly monotonically decreasing” if, whenever x<y, then g(x)>g(y). The
negative logarithm function used elsewhere herein to compute a Shannon Information score is

one example of a monotonically non-increasing function.

Outline of Global Similarity Search Engine

[00133] We propose a new approach towards search engine technology that we call
“Global Similarity Search”. Instead of trying to match keywords one by one, we look at the
search problem from another perspective: the global perspective. Here, the match of one or two

keywords is not essential anymore. What matters is the overall similarity between a query and its
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hit. The similarity measure is based on Shannon Information entropy, a concept that measures
the information amount of each word or phrase.

1)No limitation on number of words. In fact, users are encouraged to write down
whatever is wanted. The more words in a query, the better. Thus, in the search engine
of the invention, the query may be a few keywords, an abstract, a paragraph, a full-text
article, or a webpage. In other words, the search engine will allow “full-text query”,
where the query is not limited to a few words, but can be the complete content of a text
file. The user is encouraged to be specific about what they are seeking. The more
detailed they can be, the more accurate information they will be able to retrieve. A user
is no longer burdened with picking keywords.

2)No limit on database content, not limited to Internet. As the search engine is not
dependent on link number, the technology is not limited by the database type, so long
it is text-based. Thus, it can be any text content, such as hard-disk files, emails,
scientific literature, legal collections, or the like. It is language independent as well.

3) Huge database size is a good thing. In a global similarity search, the number of hits is
usually very limited if the user can be specific about what is wanted. The more specific
one is about the query, the less hits will be returned. Huge size in database is actually a
good thing to the invention, as it is more likely to find records a user wants. In
keyword-based searches, large database size is a negative factor, as the number of
records containing the few keywords is usually very large.

4)No language barrier. The technology applies to any language (even to alien languages
if someday we receive them). The search engine is based on information theory, and
not on semantics. It does not require any understanding on the content. The search
engine can be adapted to any existing language in the world with little effort.

5)Most importantly, what the user wants is what the user gets and the returned hits are
non-biased. A new scoring system is herewith introduced that is based on Shannon
Information Theory. For example, the word “the” and the phrase “search engine”
carries different amount of information. /nformation amount of each word and phrase
18 intrinsic to the database it is in. The Aits are ranked by the amount of information in
the overlapping words and phrases between the query and the #Zits. In this way, the
most relevant entries within the database to the query are generally expected with high
certainty to score the highest. This ranking is purely based on the science of
Information Theory and has nothing to do with /ink number, webpage popularity, or

advertisement fees. Thus, the new ranking is really objective.
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[00134] Our angle of improving user search experience is quite different from other search
engines such as provided by YAHOO or GOOGLE. Traditional search engines, including
YAHOO and GOOGLE, are more concerned with a word, or a short list of words or phrases,
whereas we are solving the problem of a larger text with many words and phrases. Thus, we
present an entirely different way of finding and ranking A4its. Ranking the kits that contain all the
query words is not the top priority but is still performed in this context, as this rarely occurs for
long queries, that is, queries having many words or multiple phrases. In the case that there are
many hits, all containing the query words, we recommend the user refining their search by
providing more description. This allows the search engine of the invention to better filter out
irrelevant Aits.

[00135] Our main concern is the method to rank A4its with different overlaps with the
query. How should they be ranked? The solution herein provided has its root in the
“informational theory” developed by Shannon for communication. Shannon’s Information
concept is applied to text databases with given discrete distributions. Information amount of each
word or phrase is determined by its frequency within the database. We use the total amount of
information in shared words and phrases between the two articles to measure the relevancy of a
hit. Entries in the whole database can be ranked this way, with the most relevant entry having

the highest score.

Language-independent technology having origins in computational biology

[00136] The search engine of the invention is language-independent. It can be applied to
any language, including non-human languages, such as the genetic sequence databases. It is not
related to semantics study at all. Most of the technology was first developed in computational
biology for genetic sequence databases. We simply applied it to the text database search problem
with the introduction of Shannon Information concepts. Genetic database search is a mature
technology that has been developed by many scientists for over 25 years. It is one of the main
technologies that achieved the sequencing of human genome, and the discovery of the ~30,000
human genes.

[00137] In computational biology, a typical sequence search problem is as following:
given a protein database ProtDB, and a query protein sequence ProtQ, find all the sequences in
ProtDB that are related to ProtQ, and rank all them based on how close they are to ProtQ.
Translating that problem into a textual database setting: for a given text database TextDB, and a
query text TextQ, find all the entries in TextDB that are related to TextQ, and rank them based

how close they are to TextQ. The computational biology problem is well-defined
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mathematically, and the solution can be found precisely without any ambiguity using various
algorithms (Smith-Waterman, for example). Our mirrored text database search problem has a
precise mathematical interpretation and solution as well.

[00138] For any given textual database, irrespective of its language or data content, the
search engine of the invention will automatically build a dictionary of words and phrases, and
assign Shannon information amount to each word and phrase. Thus, a query has its amount of
information; an entry in the database has its amount of information; and the database has its total
information amount. The relevancy of each database entry to the query is measured by the total
amount of information in overlapped words and phrases between a hit and a query. Thus, if a
query and an entry have no overlapped words/phrases the score will be 0. If the database
contains the query itself, it will have the highest score possible. The output becomes a list of hits
ranked according to their informational relevancy to the query. An alignment between query and
cach hit can be provided, where all the shared words and phrases can be highlighted with distinct
colors; and the Shannon information amount for each overlapped word/phrases can also be
listed. The algorithm used herein for the ranking is quantitative, precise, and completely
objective.

[00139] Language can be in any format and can be a natural language such as, but not
limited to Chinese, French, Japanese, German, English, Irish, Russian, Spanish, Italian,
Portuguese, Greek, Polish, Czech, Slovak, Serbo-Croat, Romanian, Albanian, Turkish, Hebrew,
Arabic, Hindi, Urdu, Thai, Togalog, Polynesian, Korean, Viet, Laosian, Kmer, Burmese,
Indonesian, Swedish, Norwegian, Danish, Icelandic, Finnish, and Hungarian. The language can
be a computer language, such as, but not limited to C/C++/C#, JAVA, SQL, PERL, and PHP.
Furthermore, the language can be encrypted and can be found in the database and used as a
query. In the case of an encrypted language, it is not necessary to know the meaning of the
content to use the invention.

[00140] Words can be in any format, including letters, numbers, binary code, symbols,

glyphs, hieroglyphs, and the like, including those existing but as yet unknown to man.

Defining a unique measuring matrix

[00141] Typically in the prior art the hit and the query are required to share the same exact
words/phrases. This is called exact match, or “identity mapping”. But this is not necessary in the
search engine of the invention. In one practice, we allow a user to define a table of synonyms.
These query words/phrases with synonyms will be extended to search the synonyms in the

database as well. In another practice, we allow users to perform “true similarity” searches by
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loading various “similarity matrices.” These similarity matrices provide lists of words that have
similar meaning, and assign a similarity score between them. For example, the word “similarity”
has a 100% score to “similarity”, but may have a 50% score to “homology”. The source of such
“similarity matrices” can be from usage statistics or from various dictionaries. People working in
different areas may prefer using a specific “similarity matrix”. Defining “similarity matrix” is an

active area in our research.

Building the database and the dictionary

[00142] The entry is parsed into words contained, and passed through a filter to: 1)
remove uninformative common words such as “a”, “the”, “of”, etc., and 2) use stemming to
merge the words with similar meaning into a single word, e.g. “history” and “historical”,
“evolution”, “evolutionary”, etc. All words with the same stem are merged into a single word.
Typographical errors, rare-word, and/or non-word may be excluded as well, depending on the
utility of the database and search engine.

[00143] The database is composed of parsed entries. A dictionary is built for the database
where all the words appeared in the database are collected. The dictionary also contains the
frequency information of each word. The word frequency is constantly updated as the database
expands. The database is also constantly updated by new entries. If a new word not in the
dictionary is seen, then it is entered into the dictionary with a frequency equal to one (1). The
information content of each word within the database is calculated based on

[00144] -logy(x), where the x is the distribution frequency (frequency of the word divided
by total frequency of all words within the dictionary). The entire table of words and its
associated frequency for a database is called a “Frequency Distribution”.

[00145] In the database each entry is reduced and/or converted to a vector in this very
large space of the dictionary. The entries for specific applications can be further simplified. For
instance, if only the “presence” or “non-presence” of a word within an entry is desired to be
evaluated by the user, the relevant entry can be reduced into a recorded stream of just values of
‘1s’, and “0s’. Thus, an article is reduced to a vector. An alternative to this is to record word
frequency as well, that is, the number of appearance of a word is also recorded. Thus, if
“history” appeared ten times in the article, it will be represented as value ‘10’ in the

corresponding column of the vector. The column vector can be reduced to a sorted, linked list,

where only the serial number of the word and its frequency is recorded.

Calculating Shannon Information scores
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[00146] Each entry has its own Shannon Information score that is the summary of all the
Shannon Information (SI) for the words contained. In comparing two entries, all the shared
words between the two entries are first identified. The Shannon Information for each shared
word based on the Shannon Information of each word is calculated and the repetition times of
this word in the query and in the hit. If a word appeared ‘m’ times in query, and ‘n’ times in hit,
the SI associated with the word is:

SI total(w) =min (n,m) *SI(w).
[00147] Another way to calculate the SI(w) for repeated words is to use damping,
meaning that the amount of information calculated will be reduced by a certain proportion when
it appeared in the 2™ time, 3" time, etc. For example, if a word is repeated ‘n’ times, damping
can be calculated as follows:

SI total (w) = S; (a**(i-1)) *SI(w)
where o is a constant, called the damping coefficient; Si is the summation over all i, 0<i<=n,
0<=0<=1. When 0=0, it becomes SI(w), that is, 100% damping, and when o=1 it becomes
n*SI(w), that is, no damping at all. This parameter can be set by a user at the user interface.
Damping is especially useful in keyword-based searches, when entries containing more
keywords are favored against entries that contain fewer keywords but repeated multiple times.
[00148] In keyword search cases, we introduce another parameter, called damping
location coefficient, B, 0<=B<=1. B is used to balance the relevant importance of each keyword
when keywords are appearing multiple times in a hit. [ is used to assign a temporary
Shannon_Info for a repeated word. If we have K word, we can set the SI for the first repeated
word at the SI(int (3*K)), where SI(i) stands for the Shannon_Info for the i-word.
[00149] In keyword searches, these two coefficients (o) should be used together. For
example, let oo =0.75 and = 0.75. In this example, numbers in parentheses are simulated ST
scores for each word. If one search results with

TAFA (20) Tang (18) secreted (12) hormone (9) protein (5)
then, when TAFA appeared in second time, its SI will be 0.75* SI(hormone) =0.75*9. If TAFA
appears a 3rd time, it will be 0.75%0.75*9. Now, let us assume that TAFA appeared a total of 3
times. The total ranking of words by SI are now

TAFA (20) Tang (18) secreted (12) hormone (9) TAFA (6.75) TAFA (5.06)
protein (5)
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[00150] If Tang appears a second time, its SI will be 75% of the number, number
int(0.75*7)=5, which is TAFA(6.75). Thus, its SIis: 5.06. Now, with a total of 8 words in the
hit, the scores (and ranking) are

TAFA (20) Tang (18) secreted (12) hormone (9) TAFA (6.75) TAFA (5.06) Tang
(5.06) protein (5).
[00151] One can see that the SI for repeated word has a dependency on the spectrum of SI

on all the words in the query.

Heuristics of implementation

1) Sorting the search results from a traditional search engine.

[00152] If a traditional search engine returns a large number of results, where most of the
results may not be what the user wants. If the user finds one article (A*) is exactly what he
wants, he can now re-sort the search result into a list according to the relevance to that article
using our full-text searching method. In this way, one only need to compare each of those
articles once with A*, and resort the list according to the relevance to A*.

[00153] This application can be “stand-alone” software and/or one that can be associated
with any existing search engine.

2) Generating a candidate file list using other search engines

[00154] As a way to implement our full text query and search engine, we can use a few
keywords from the query (those words that are selected based on their relative rarity), and use
the traditionally keyword based search engine to generate a list of candidate articles. As one
example, we can use the top ten most informational words (as defined by the dictionary and the
Shannon Information) as queries and use the traditional search engine to generate candidate files.
Then we can use the sorting method mentioned above to re-order the search output, so that the
most relevant to the query will appear the first.

[00155] Thus, if the algorithm herein disclosed is combined with any existing search
engine, we can implement a method that will generate our results using another search engine.
The invention can generate the correct query to other search engines and re-sort them in an
intelligent way.

3) Screening electronic mail

[00156] The search engine can be used to screen an electronic mail database for “junk”
mail. A “junk” mail database can be created using mail that has been received by a user and
which the user considers to be “junk”; when an electronic mail is received by the user and/or the

user’s electronic mail provider, it is searched against the “junk” mail database. If the hit is above
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a predetermined and/or assigned Shannon Information score or p-value or percent identity, it is
classified as a “junk” mail, and assigned a distinct flag or put into a separate folder for review or
deletion.

[00157] The search engine can be used to screen an electronic mail database to identify
“important” mail. A database using electronic mail having content “important” to a user is
created, and when a mail comes in, it is searched against the “important” mail database. If the
hit is above a certain Shannon Information score or p-value or percent identity, it is classified as
an important mail and assigned a distinct flag or put into a separate folder for review or deletion.
[00158] Table 1 shows the advantages that the disclosed invention (global similarity
search engine) has over current keyword-based search engines including YAHOO and GOOGLE

search engines

Features Global similarity search Current keyword-based search
engine engines
Query type Full text and key words Key words (burdened with word
selection)
Query length No limitation of number of Limited
words
Ranking system Non-biased, based on weighted [Biased, for example, popularity,
information overlaps links, etc., so may lose real results
Result relevance More relevant results More irrelevant results
INon-internet content [Effective in search Incffective in search
databascs
Table 1
[00159] The invention will be more readily understood by reference to the following

examples, which are included merely for purposes of illustration of certain aspects and

embodiments of the present invention and not as limitations.

Examples
Example I: Implementation of the theoretical model

[00160] In this section details of an exemplary implementation of the search engine of the

invention are disclosed.
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1. Introduction to FlatDB programs

[00161] FlatDB is a group of C programs that handles flat-file databases. Namely, they
are tools that can handle flat text files with large data contents. The file format can be many
different kinds, for example, table format, XML format, FASTA format, and any format so long
that there is a unique primary key. The typical applications include large sequence databases
(genpept, dbEST), the assembled human genome or other genomic database, PubMed, Medline,
ctc.

[00162] Within the tool set, there is an indexing program, a retrieving program, an
insertion program, an updating program, and a deletion program. In addition, for very large
entries, there is a program to retrieve a specific segment of entries. Unlike SQL, FlatDB does
not support relationship among different files. For example, if all the files are large table files,
FlatDB cannot support foreign key constraints on any table.

[00163] Here is a list of each program and a brief description on its function:

1. im_index: for a given text file where a field separator exists and primary _id
is specified, im_index generates an index file (for example <text.db>) which
records each entry, where they appear in the text, and the size of the entry.
The index file is sorted.

2. im_retrieve: for a given database (with index), and a primary _id (or a list of
primary_ids in a given file), the program retrieves all the entries from the text
database.

3. im_subseq: for a given entry (specified by a primary id) and a location and
size for that entry, im_subseq returns the specific segment of that entry.

4. im_insert. it inserts one or a list of entries into the database and updates the
index. While it is inserting, it generates a lock file so others cannot insert
contents the same time.

5. im_delete: deletes one or multiple entries specified by a file.

6. im_update: updates one or multiple entries specified by a file. It actually runs
an im_delete followed by an im_insert.

[00164] The most commonly used programs are im_index, im_retrieve. im_subseq is very
useful if one needs to get a subsequence from a large entry, for example, a gene segment inside a
human chromosome.

[00165] In summary, we have written a few C programs that are flat-file database tools.

Namely they are tools that can handle a flat-file with many data contents. There is an indexing
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program, a retrieving program, an insertion program, an updating program, and a deletion

program.

2. Building and updating a word frequency dictionary
[00166] Name: im_word_freq <text file> <word_freq>
Input:
1: along list of text file. Flat text file is in FASTA format (as defined below).
2: adictionary with word frequency.
Output: updating Input 2 to generate a dictionary of all the word used and the frequency of
cach word.

Language: PERL.

Description:

1. The program first reads Input 2 into memory (a hash: word freq):
word_freq{word}=freq.

2. It opens file <text file>. For each entry, it splits the file into an array
(@entry_one), each word is a component of $entry one. For each word,
word_freq{word}+=1.

3. Write the output into <word_freq.new>.

FASTA format is a convenient way of generating large text files (used commonly in listing large
sequence data file in biology). It typically looks like:

>primary_id1 xxxxxx(called annotation)

text file (with many new lines).

>primary_1d2

The primary_ids should be unique, but otherwise, the content is arbitrary.

3. Generating a word index for a flat-file FASTA formatted database

[00167] Name: im_word index <text file> <word freq>

Input:
1. a long list of text file. Flat text file in FASTA format (as defined above).
2. a dictionary with word frequency associated with the text file.

Output:

1. two index files: one for the primary_ids, one for the bin_ids.
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2. word-binary id association index file.
Language: PERL.
Description: The purpose for this program is for a given word, one will be able to quickly
identify which entries contain this word. In order to do that, we need an index file, essentially
for each word in the word_freq file, we have to list all the entries that contain this word.
[00168] Because the primary_id is usually long, we want to use a short form. Thus we
assign a binary id (bin_id) to each primary id. We then need a mapping file to associate quickly
between the primary _id and the binary id. The first index file in the format: primary id bin_id,
sorted by the primary id. And the other is: bin_id primary_id, sorted by the primary id. These
two files are for look up purpose: namely given a binary id one can quickly find what its
primary_id, and vice versa.
[00169] The final index file is the association between the words in the dictionary, and a
list of binary_ids that this word appears. The list should be sorted by bin_ids. The format can be
FASTA, for example:
>Wordl1, freq.
bin_idI bin_id2 bin_id3 ....
>Word2, freq
bin_idI bin_id2 bin_id3, bin_id3....

4. Finding all the database entries that contains a specific word

[00170] Name: im_word_hits <database> <word>

Input
1: along list of text file. Flat text file in FASTA format, and its associated 3 index files.
2: aword.

Output

A list of bin_ids (entries in the database) that contain the word.
Language: PERL.
Description: For a given word, one wants to quickly identify which entries contain this word. In
the output, we have a list all the entries that contain this word.
Algorithm: for the given word, first use the third index file to get all the binary ids of texts
containing this word. (One can use the second index file: binary id to primary id to get all the
primary_ids). One returns the list of binary _ids.
[00171] This program should also be available in as a subroutine: im_word _hits (text_file,

word).
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5. For a given query, find all the entries that share words with the query

[00172] Name: im_query 2 hits <database file> <query file> [query word number]
[share word number]

Input

1: database: a long list of text file. Flat text file in FASTA format.

2: aquery in FASTA file that is just like the many entries in the database.

3: total number of selected words to search, optional, default 10.

4: number of words in the hits that are in the selected query words, optional, default 1.
Output: list of all the candidate files that share a certain number of words with the query.
Language: PERL.

Description: The purpose for this program is for a given query, one wants a list of candidate
entries that share at least one word (from a list of high information words) with the query.
[00173] We first parse the query into a list of words. We then look up the word freq table
to establish query word number (10 for default, but user can modify) words with the lowest
frequency (that is, highest information content). For each of the 10 words, we use the
im_word_hits (subrountine) to locate all the binary ids that contain the word. We merge all
those binary ids, and also count how many times the binary id appeared. We only keep those
binary ids that have >share word number of words (at least share one word, but can be 2 if
there are too many hits).

[00174] We can sort here based on a hit_score for each entry if the total number of hit
number is >1000. The calculation of hit _score for each entry is to use the Shannon Information
for the 10 words. This hit_score can also be weighted by the frequency of each word in both the
query and the hit file.

[00175] Query_word number is a parameter that users can modify. If larger, the search

will be more accurate, but it may take longer time. If it is too small, we may loss accuracy.

6. For two given text files (database entries), compare and assign a score
[00176] Name: im_align 2 <word_freq> <entry 1> <entry 2>
Input:

1: The word_frequency file generated for the database.

2: entry 1:asingle text file. One database entry in FASTA format.

3: entry 2:same as entry 1.
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Output: A number of hit scores including: Shannon Information, Common word numbers. The

format is:
1) Summary: entry 1 entry 2 Shannon_Info score Common word_score.
2) Detailed Listing: list of common words, the database frequency of the words,

and the frequency within entry 1 and in entry 2 (3 columns).
Language: C/C++.
This step will be the bottleneck in searching speed. That is why we should write it in C/C++. In
prototyping, one can use PERL as well.
Description: For two given text files, this program compares them, and assign a number of
scores that describes the similarity between the two texts.
[00177] The two text files are first parsed into to arrays of words (@textl, and @text2). A
join operation is performed between the two arrays to find the common words. If the common
words are null, return NO COMMON WORDS BETWEEN entry 1 and entry 2 to STDERR.
[00178] If there are common words, the frequency of each common word is looked up in
word_freq file. Then, the Sum of all Shannon Information for each shared word is calculated.
We generate a SI score here (for Shannon Information). The total number of words in the
common words (Cw_score) is also counted. There may be more scores to report in the future
(such as the correlation between the two files including the frequency comparisons of the words,
and normalization based on the text length, etc.).
[00179] To calculate Shannon Information, refer to the original document on the method
(Shannon (1948) Bell Syst. Tech. J., 27: 379-423, 623-656; and see also Feinstein (1958)
Foundations of Information Theory, McGraw Hill, New York NY).
7. For a given query, rank all the hits
[00180] Name: im_rant_hits <database file> <query file> <query hits>
Input:

1: database: a long list of text file. Flat text file in FASTA format.

2: aquery in FASTA file. Just like the many entries in the database.

3: afile containing a list of bin_ids that are in the Database.
Options:

1. [rank by] default: SI score. Alternative: CW_score.

2. [hits] number of hits to report. Default: 300.

3. [min_SI score]: to be determined in the future.

4. [min_CW_score]: to be determined in the future.

Output: a sorted list of all the files in the query_hits based on hit scores.
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Language: C/C++/PERL.

This step is the bottleneck in searching speed. That is why it should be written in C/C++. In
prototyping, one can use PERL as well.

[00181] Description: The purpose for this program is for a given query and its hits, one
wants to rank all those hits based on a scoring system. The scoring here is a global score,
showing how related the two files are.

[00182] The program first calls the im_align 2 subroutine to generate a comparison
between the query and each of the hit_file. It then sorts all the hits based on the SI_score. A
one-line summary is generated for each hit. This summary is listed in the beginning of the
output. In the later section of the output, the detailed alignment of common words and frequency
of those words are shown for each hit.

[00183] The user should be able to specify the number of hits to report. Default is 300.

The user also can specify sort order, default is SI_score.

Example II: A Database Example for MedLine

[00184] Here is a list of database files as they were processed:
1) Medline.raw Raw database downloaded from NLM, in XML format.
2) Medline.fasta Processed database

FASTA Format for the parsed entries follows the format
>primary_id authors. (year) title.  Journal. volume:page-page

word1(freq) word2(freq) ...

words are be sorted by character.

3) Medline.pid2bid Mapping between primary_id (pid) and binary id (pid).
Medline.bid2pid Mapping between binary id and primary_id

Primary id is defined in the FASTA file. It is the unique identifier used by Medline. Binary id

is an assigned id used for our own purpose to save space.

Medline.pid2bid is a table format file. Format: primary id binary id (sorted by primary_id).
Medline.bid2pid is a table format file. Format: binary id primary id (sorted by binary id)
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4) Medline.freq Word frequency file for all the word in Medline.fasta, and their frequency.

Table format file: word frequency.

5) Medline.freq.stat Statistics concerning Medline.fasta (database size, total word counts,
Medline release version, release dates, raw database size. Also has additional information

concerning the database.

6) Medline.rev Reverse list (word to binary id) for each word in the Medline.freq file.

7) im_query_ 2 hits <db> <query.fasta>
[00185] Here both database and query are in FASTA format. Database is:
/data/Medline.fasta. Query is ANY entry from Medline.fasta, or anything from the web. In the
later case, the parser should convert any format of user-provided file into a FASTA formatted
file confirming to the standard specified in Item 2.
[00186] The output from this program should be a List_file of Primary Id and
Raw_scores. If the current output is a list of Binary ids, it can be eitherly transformed to
Primary_ids by running: im_retrieve Medline.bid2pid <bid_list> > pid_list.
[00187] On generating the candidates, here is a re-phrasing of what was discussed above:
1) Calculate an ES-score (Estimated Shannon score) based on the top ten words query (10-word
list) which has lowest frequency in the frequency-dictionary of database.
2) ES-score should be calculated for all the files. A putative hit is defined by:
(a) Hits 2 words in the 10-word list.
(b) Hit THE word, the highest Shannon-score for the words in the query. In this way, we
don't miss any hit that can UNIQUELY DEFINE A HIT in the database.
[00188] Rank all the a) and b) hits by ES-score, and limit the total number up to 0.1% of
database size (for example, 14,000 for a db of 14,000,000). (If the union of (a) and (b) is less
than 0.1% of database size, the rank does not have to be performed, simply pass the list as done;
this will save time).
[00189] 3) Calculate the Estimated Score using the formulae disclosed below in item 8§,

except in this case there are at most ten words.

8) im_rank_hits <Medline.fasta> <query.fasta> <pid_list>
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[00190] The first thing the program does is to run: im_retrieve Medline.fasta pid_list and

store all the candidate hits in memory before starting the 1-1 comparison of query to each hit file.

[00191] Summary: Each of the database file mentioned above (Medline.*) should be
indexed using im_index. Please don’t forget to specify the format of each file in running
im_index.

[00192] If temporary files to hold your retrieved contents are desired, put them in /tmp/

directory. Please use the convention of $$.* to name your temporary files, where $$ is your
process_id. Remove these temp files generated at a later time. Also, no permanent files should

be placed in /tmp.

Formulae for calculating the scores:
[00193] p-value: the probability that the common word list between the query and the hit
is completely due to a random event.
[00194] Let Ty be total number of words (for example, SUM (word*word _freq)) from the
word_freq table for the database (this number should be calculated be written in the header of the
file: Medline.freq.stat. One should read that file to get the number. For each dictionary word
(w[i]) in the query, the frequency in the database is fg[i]. The probability of this word is: p[i] =
fali]/Tw.
[00195] Let the frequency w[i] in the query be fy[1], and frequency in the hit be fi[i],
f[1]=min(fy[1], fu[1]). fc[1] is the smaller number of frequency in the query and hit. Let m be the
total common words in the query, i=1, ..., m, p-value is calculated by:
p=(Sife[il)! (p_i plil**£[i]) / (p_if[i]!)
where S; is the summation of alli (i=1, ..., m), and p_i means the multiplication of all 1,

(i=1, ...,m), ! is the factorial (for example, 4! = 4*3*2*])

p should be a very small number. Ensure that floating type is used to do the calculation.

SI score (Shannon Information score) is the —log, of p-value.

3. word_% (#_shared words/total words). If a word appears multiple times, it is counted
multiple times. For example: query (100 words), hit (120 words), shared words 50, then
word %= 50%2/(100+120).

Example I11: Method for generating a dictionary of phrases

1. Theoretical aspects of phrase searches
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[00196] Phrase searching is when a search is performed using a string of words (instead of
a single word). For example: one might be looking for information on teenage abortions. Each
one of these words has a different meaning when standing alone and will retrieve many
irrelevant documents, but when you one them together the meaning changes to the very precise
concept of “teenage abortions”. From this perspective, phrases contain more information than
the single words combined.

[00197] In order to perform phrase searches, we need first to generate phrase dictionary,
and a distribution function for any given database, just like we have them for single words. Here
a programmatic way of generating a phrase distribution for any given text database is disclosed.
From purely a theoretical point of view, for any 2-words, 3-words, ..., K-words, by going
through the complete database the occurring frequency of each “phrase candidate” are obtained,
meaning they are potential phrases. A cutoff is used to only select those candidates with
frequency that is above a certain threshold. The threshold for a 2-word phrase many be higher

than that for a 3-word phrase, etc. . Thus, once the thresholds are given, the phrase distribution

for 2-word, ..., K-word phrases are generated automatically.
[00198] Suppose we already have the frequency distribution for 2-word phrases F(w2), 3-
word phrases F(w3), ..., where w2 means all the 2-word phrases, and w3 all the 3-word phrases.

We can assign Shannon Information for phrase wk (a k-word phrase):

SI(wk) = -log,f(wk)/ Ty
where f(wk) is the frequency of the phrase, and Ty is the total number of phrases within the
distribution F(wk).
[00199] Alternatively, we can have a single distribution for all phrases, irrespective of the
phrase length, we call this distribution F(wa). This approach is less favored compared to the
first, as we usually think a longer phrase would contain more information compare to a shorter
phrase, even they occurred the same number of times within the database.
[00200] When a query is given, just like the way we generate a list of all words, we can
generate a list of all potential phrases (up to K-word). We can then look at the phrase dictionary
to see if any of them are real phrases. We select those phrases within the database for further
search.
[00201] Now we assume there exists a reverse dictionary for phrases as well. Namely for
cach phrase, all the entries in the database containing this phrase is listed in the reverse
dictionary. Thus, for the given phrases in the query, using the reverse dictionary we can find out
which entries contain these phrases. Just as we handle words, we can calculate the cumulative

score for each entry which contain at lease one of the query phrases.
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[00202] In the final stage of summarizing the hit, we can use alternative methods. The
first method is to use two columns, one for reporting word score, and the other for reporting
phrase score. The default will be to report all hits ranked by cumulative Shannon Information
for the overlapped words, but with the cumulative Shannon Information for the phrases in the
next column. The user can also select to use the phrase SI score to sort the hits by clicking the
column header.
[00203] In another way, we can combine the SI-score for phrases with that of SI for the
overlapped words. Here there is a very important issue: how should we compare the SI-score for
words with the SI-score for phrases. Even within the phrases, as we mentioned above, how we
compare the SI-score for a 2-word phrase vs. a 3-word phrase? In practice, we can simply using
a series of factors to merge the various Sl-scores together, that is, :

SI total = SI word + a, * SI 2-word-prhase + ... + ax™* SI K-word-phrase
where ai, k=2, ..., K are coefficients that are >=1, and are monotonic increasing.
[00204] If the consideration of adjusting for phrase length is already taken care in the
generation of a single phrase distribution function F(wa), then, we have a simpler formulae:

SI total = SI word + a * SI_prhase
where a is a coefficient: a>=1. a reflects the weighting between word score and phrase score.
[00205] This method of calculation of Shannon Information is applicable to either a
complete text (that is, how much total information a text has within the setting of a given

distribution F, or to the overlapped segments (words and phrases) between a query and a hit.

2. Medline database and method of automated phrase generation

[00206] Program 1: phrase_dict_generator

1). Define 2 hashes:

CandiHash: a hash of single word that may serve as a component of a Phrase.

PhraseHash: a hash to record all the discovered Phrases and their frequencies.

Define 3 parameters:

WORD FREQ MIN =300
WORD FREQ MAX = 1000000
PHRASE FREQ MIN =100
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2). From the word freq table, take all the words with frequncy >=WORD FREQ MIN, and
<=WORD_FREQ MAX. Read them into The CandiHash.

3). Take the Medline.stem file (if this file has preserved the word orders in the original file,
otherwise you have to regenarate a Medline.stem file such that the word order in the original file

is preserved).

Psuedo code:
while (<Medline.stem>) {
foreach entry {
Read in 2 words a time, shift 1 word a time
check if both words are in CandiHash, if yes:
PhraseHash{wordl word2}++;

4). Loop step 2 until 1) the end of Medline.stem
or 2) system close to Memory Limit.
If 2) write PhraseHash, clear PhraseHash, contines while(<Medline.stem>) until END OF

Medline.stem

5). If multiple outputs from step 4, merge sort the outputs > Medline.phrase.freq.0.
If finishes with condition 1), sort PhraseHash > Medline.phrase.freq.0.

6). Any thing in Medline.phrase.freq.0 with frequency >PHRASE FREQ_ MIN is a phrase. Sort

all those entries into: Medline.phrase.freq.

[00207] Program 2. phrase_db_generator

1). Read in Medline.phrase.freq into a Hash: PhraseHash n

2). while (<Medline.stem>) {

foreach entry {

Read in 2 words a time, shift 1 word a time

40



WO 2007/149623 PCT/US2007/067439

Join the 2 words, and check if it is defined in the PhraseHash n

if yes {
write Medline.phrase for this entry}
}
}
[00208] Program 3. phrase_revdb_generator

This program generates Medline.phrase.rev. It is generated the same as the reverse dictionary for
words. For each phrase, this file contains an entry that lists all the binary ids of all database

entries that contain this phrase.

Example IV: Command-line search engine for local installation

[00209] A stand-alone version of the search engine is developed. This version does not
have the web interface. It is composed of many programs mentioned before and compiled
together. There is a single Makefile. When “make install” is typed, the system compiles all the
programs within that directory, and generate three main programs that are used. The three

programs are:

1) Indexing an database:

im_index_all: all program that generates a number of indexes, including the word/phrase
frequency tables, and the forward and reverse indexes. For example:

$ im_index_all /path/to/some_db _file base.fasta

2) Starting the searching server:

im_GSSE server: this program is the server program. It loads all the indexes into memory and
keeps running on the background. It handles the service requests from the client:
im_GSSE client. For example:

$ im_GSSE_server /path/to/some_db_file base.fasta

3) Run search client
Once the server is running, one can run a search client to perform the actual searching. The client

can be run locally on the same machine, or remotely from a client machine. For example:
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$ im_GSSE _client -qf /path/to/some_query.fasta

Example V: Compression method for text database

[00210] The compression method outlined here is for the purpose of shrinking the size of
the database, save the usage of hard disk and system memory, and to increase the performance of
computer. It is also an independent method that can be applied to any text-based database. It can
be used alone for compression purpose, or it can be combined with current existing compression
techniques such as zip/gzip etc.

[00211] The basic idea is to locate the words/phrases of high frequency, and replace these
words/phrases with shorter symbols (integers in our case, called code hereafter). The compressed
database is composed of a list of words/phrases, and their codes, and the database itself with the
words/phrases replaced with code systematically. A separate program reads in the compressed
data file and restores it to original text file.

[00212] Here is the outline of how the compression method works:

During the process of generating all the word/phrase frequency, assign a unique code to each
word/phrase. The mapping relationship between the word/phrase and its code is stored in a
mapping file, with the format: “word/phrase, frequency, code”. This table was generated from a
table with “word/phrase, frequency” only, and the table was sorted by the reverse order of
length(word/phrase)*frequency. The code is assigned to this table from row 1 to the bottom
sequentially. In our case the code is an integer starting at 1. Before the compression, all the
existing integers in the database have to be protected by using a non-text character in its front.
[00213] Those skilled in the art will appreciate that various adaptations and modifications
of the just-described embodiments can be configured without departing from the scope and spirit
of the invention. Other suitable techniques and methods known in the art can be applied in
numerous specific modalities by one skilled in the art and in light of the description of the
present invention described herein. Therefore, it is to be understood that the invention can be
practiced other than as specifically described herein. The above description is intended to be
illustrative, and not restrictive. Many other embodiments will be apparent to those of skill in the
art upon reviewing the above description. The scope of the invention should, therefore, be
determined with reference to the appended claims, along with the full scope of the disclosed

invention to which such claims are entitled.

The present technology overcomes the limitations
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[00214] We have proposed a new approach towards search engine technology. We call our
technology “Global Similarity Search”. Instead of trying to match keywords one by one, we look
at the search problem from another perspective: the global perspective. Here, the match of one or
two keywords is not essential anymore. What matters is the overall similarity between a query
and its hit. The similarity measure is based on Shannon information entropy, a concept that
measures the information amount of each itom. An itom is a word or phrase, and is generated
automatically by the search engine during the indexing step. There are certain frequency
limitations on the generation of itoms: 1) very common words are excluded; 2) phrases have to
meet a minimum occurrence based on number of words they contain; 3) an itom cannot be part
of another itom.

[00215] Our search engine has the certain characteristics:

* No limitation on number of words. Actually, we encourage users to write down
whatever he wants. The more words in a query, the better. Thus, in our search
engine, the query may be a few keywords, an abstract, a paragraph, a full-text
article, or a webpage. In other words, our search engine will allow “full-text query”,
where the query is not limited to a few words, but can be the complete content of a
text file. We encourage the user to be specific about what they are seeking. The
more detailed they can be, the more accurate information they will be able to
retrieve. A user is no longer burdened with picking keywords.

*No limit on database content, not limited to Internet. As our search engine is not
dependent on link number, our technology is not limited by the database type, with
the only limitation that it is text-based. Thus, it can be any text content, such as
hard-disk files, emails, scientific literature, legal collections, etc.

*Huge database size is a good thing. In a global similarity search, the number of hits
is usually very limited if you can be specific about what you want. The more
specific one is about his query, the less hits he will get. Huge size in database is
actually a good thing to us, as we are more likely to find records a user wants. In
keyword-based searches, large database size is a killing factor, as the number of
records containing the few keywords is usually very large.

*No language barrier. The technology applies to any language (even to alien
languages if someday we receive them). The search engine is based on information
theory, and not on semantics. It does not require any understanding on the content.
We can adopt our search engine to any existing language in the world with little

effort.
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*Most importantly, what you want is what you get. Non-biased in any way. We
introduced a new scoring system that is based on Shannon Information Theory. For
example, the word “the” and the phrase “search engine” carries different amount of
information. Information amount of each itom is intrinsic to the database it is in. We
rank the hits by the amount of information in the overlapping itoms between the
query and the hits. In this way, we guarantee that the most relevant entries within the
database to the query will score the highest. This ranking is purely based on the
science of Information Theory. It has nothing to do with link number, webpage
popularity or advertisement fees. Thus, our ranking is really objective.

[00216] Our angle of improving user search experience is quite different from other search
engines such as provided by Yahoo or Google. Traditional search engines, including Yahoo and
Google, are more concerned with a word, or a short list of words or phrases, whereas we are
solving the problem of a larger text with many words and phrases. Thus, we need an entirely
different way of finding and ranking hits. How to rank the hits that contain all the query words is
not our top priority (but we still handle that), as this problem rarely occurs for long queries. In
the case that there are many hits, all containing the query words, we recommend the user refining
their search by providing more description. This will allow our engine to better filter out
irrelevant hits.

[00217] Our main concern is the method to rank hits with different overlaps with the
query. How should we rank them? Our solution has its root in the “informational theory”
developed by Shannon for communication. We applies Shannon’s information concept to text
databases with given discrete distributions. Information amount of each itom is determined by its
frequency within the database. We use the total amount of information in shared itoms between
the two articles to measure the relevancy of a hit. The whole database entries can be ranked this

way, with the most relevant entry having the highest score.

Relationship to Vector-Space Models

[00218] The vector-space models for information retrieval are just one subclass of
retrieval techniques that have been studied in recent years. Vector-space models rely on the
premise that the meaning of a document can be derived from the document's constituent terms.
They represent documents as vectors of terms d(t, t,, ..., t,) where t; is a non-negative value
denoting the single or multiple occurrences of term i1 in document d. Thus, each unique term in
the document collection corresponds to a dimension in the space. Similarly, a query is

represented as a vector where term  is a non-negative value denoting the number of occurrences
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of (or, merely a 1 to signify the occurrence of term) in the query. Both the document vectors and
the query vector provide the locations of the points in the term-document space. By computing
the distance between the query and other points in the space, points with similar semantic
content to the query presumably will be retrieved.

[00219] Vector-space models are more flexible than inverted indices since each term can
be individually weighted, allowing that term to become more or less important within a
document or the entire document collection as a whole. Also, by applying different similarity
measures to compare queries to terms and documents, properties of the document collection can
be emphasized or deemphasized. For example, the dot product (or, inner product) similarity
measure finds the Euclidean distance between the query and a document in the space. The cosine
similarity measure, on the other hand, by computing the angle between the query and a document
rather than the distance, deemphasizes the lengths of the vectors. In some cases, the directions of
the vectors are a more reliable indication of the semantic similarities of the points than the
distance between the points in the term-document space.

[00220] Vector-space models, by placing terms, documents, and queries in a term-
document space and computing similarities between the queries and the terms or documents,
allow the results of a query to be ranked according to the similarity measure used. Unlike lexical
matching techniques that provide no ranking or a very crude ranking scheme (for example,
ranking one document before another document because it contains more occurrences of the
search terms), the vector-space models, by basing their rankings on the Euclidean distance or the
angle measure between the query and terms or documents in the space, are able to automatically
guide the user to documents that might be more conceptually similar and of greater use than
other documents. Also, by representing terms and documents in the same space, vector-space
models often provide an elegant method of implementing relevance feedback. Relevance
feedback, by allowing documents as well as terms to form the query, and using the terms in those
documents to supplement the query, increases the length and precision of the query, helping the
user to more accurately specify what he or she desires from the search.

[00221] Among all search methods, our method is most closely related to the vector-space
model. But we are distinctive in many apsects as well. The similarity is that both methods takes a
“full-text as query” approach. It uses the complete “words” and “terms” in comparing query and
hits. Yet in traditional vector-space model, the terms and words are viewed equally. There is no
introduction of statistical concepts into measuring the relevance or in describing the database at
hand. There is no concept of information amount associated with each word or phrase. Further,

words and phrases are defined externally. As there is no statistics in the words used, there is no
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automated ways in term identification either. The list of terms has to be provided externally. The
vector-space model fails to address the full-text search problem satisfactorily, as it does not
contain the idea of distribution function for databases, and the concepts of itoms and their
automated identification. It fails to recognize the connection between “informational relevance”
required by a search problem and “informational theory” as proposed by Shannon. As a result,

vector-space model has not been successfully applied commercially.

Language-independent technology with origin in computational biology

[00222] Our search engine is language-independent. It can be applied to any language,
including non-human languages, such as the genetic sequence databases. It is not related to
semantics study at all. Most of the technology was first developed in computational biology for
genetic sequence databases. We simply applied it to the text database search problem with the
introduction of Shannon information concepts. Genetic database search is a mature technology
that has been developed by many scientists for over 25 years. It is one of the main technologies
that achieved the sequencing of human genome, and the discovery of the ~30,000 human genes.
[00223] In computational biology, a typical sequence search problem is as following:
given a protein database ProtDB, and a query protein sequence ProtQ, find all the sequences in
ProtDB that are related to ProtQ, and rank all them based on how close they are to ProtQ.
Translating that problem into a textual database setting: for a given text database TextDB, and a
query text TextQ, find all the entries in TextDB that are related to TextQ, and rank them based
how close they are to TextQ. The computational biology problem is well-defined
mathematically, and the solution can be found precisely without any ambiguity using various
algorithms (Smith-Waterman, for example). Our mirrored text database search problem has a
precise mathematical interpretation and solution as well.

[00224] For any given textual database, irrespective of its language or data content, our
search engine will automatically build a dictionary of words and phrases, and assign Shannon
information amount to cach word and phrase. Thus, a query has its amount of information; an
entry in the database has its amount of information; and the database has its total information
amount. The relevancy of each database entry to the query is measured by the total amount of
information in overlapped words and phrases between a hit and a query. Therefore, if a query
and an entry have no overlapped itoms will have a score of 0. If the database contains the query
itself, it will have the highest score possible. The output becomes a list of hits ranked according
to their informational relevancy to the query. We provide alignment between query and each hit,

where all the shared words and phrases are highlighted with distinct colors; and the Shannon
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information amount for each overlapped word/phrases is listed. Our algorithm for the ranking is

quantitative, precise, and completely objective.

Itom Identification and Determination

[00225] The following provides an introduction to several terms used in the foregoing
text. The terms should be construed in the broadest possible sense, and the following
descriptions are intended to be illuminating rather than limiting.
[00226] Itom: itom is the basic information unit that makes up a text entry. It can be a
word, a phrase, or an expression pattern composed of disjoint words/phrases that meets a certain
restriction requirements (for example: minimum frequency of appearance, externally identified).
A sentence/paragraph can be decomposed into multiple itoms. If multiple decomposition of a
text exists, the identification of itoms with higher information amount takes precedence over
itoms with lower information amount. Once a database is given, our first objective is to identify
all itoms within.
[00227] Citom: candidate itom. It can be a word, a phrase, or an identifiable expression
pattern composed of disjoint words/phrases. It may be accepted as an itom or rejected based on
the rules and parameters used. In this version of our search engine, itoms are limited to words or
a collection of neighboring words. There is no expression pattern formed by disjoint
words/phrases yet.
[00228] The following abbreviations are also explained:

Iw: one word

3w: 3 words.

f(citom j): frequency of citom _j, j=1,2

f min =100; Minimal frequency to select an citom

Tr=100; Minimal threshold FOLD above expected frequency.

Pc=25; Minimal percentage together for two citoms.

Automated itom identification

[00229] In this method, we try to identify itoms automatically using a program. It is
composed of 2 loops (I & II). For illustration purpose, we limit the maximum itom length as 6
words (it can be longer or shorter). Loop I to go upwards (i=2,3,4,5,6). Loop Il to go downwards
(i=6,5,4,3,2).
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1. The upward loop

1) for i=2, citoms are just words here. Identify all 2w-citoms with frequency >f min.
a) Calculate its expected frequency (E_f=0 f(citoml) * O_f(citom2) *N2, and its
observed frequency (O f). If O £>=Tr*E f, keep it. (N2: total count of 2-citom
items)
b) Otherwise, if O_f>=Pc% * min(f(citom_1), f(citom_2)), keep it. (Pc% of all
possibilities for the 2 citoms appearing together), keep it.

¢) Otherwise, reject.

[00230] Let's assume the remaining set is: {2w_citoms}. What are we getting here? We
are getting two distinct collection of potential phrases (1) that these two words occurs together

much high than expected; (2) in more than 25% of cases, these two words appears together.

2) for i=3, for ecach citom in {2w_citoms}, identify all 3 words citoms (the 2-word citom

plus a word) with frequency >f min.
a) Calculate its expected frequency (E =0 f(2w_citom)*O f(3rd word)*N3), and
its observed frequency (O _f). If O _f>=Tr*E f, keep it. (N3: total count of 2-citom

items in this new setting).
b) Otherwise, if O_f >=Pc% * min(f(citom_1), f(citom_2)), keep it. (Pc% of all
possibilities for the 2 citoms appearing together), keep it. (citom_2 is the 3rd word).

¢) Otherwise, reject.

[00231] We will have a set: {3w_citoms}. Please notice {3w_citoms} is a subset of

{2w_citoms}.
3) For 1 =4,5,6, repeat similar steps. The results are: {4w_citoms}, {Sw_citoms},
{6w_citoms}.

[00232] Please notice, in general, we have: {2w_citoms} contains {3w_citoms},

{3w_citoms} contain {4w_citoms}, ....

2. The downward loop
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For 1 =6, {6w_citoms} are automatically accepted as itoms. It is {6w_itoms}. Thus:
{6w_citoms} = {6w_itoms}. In real world, if there is a 7-word itom, it may appear
strange in our itom selection, as we only capture the FIRST 6-words as an itom, leaving

the 7th-word out. For 8-word itoms, 7th & 8th words will be left out.

For i=5, for each citom in {5Sw_citoms}-{6w_itoms}, citom_j:

If f{citom_j} >f min, them, citom j is a member of {Sw_itoms}.

For i=4, for each citom in {4w_citoms} —{5w_itoms} —{ 6w_itoms}, citom j:

If f{citom_j} >f min, them, citom j is a member of {4w_itoms}.
For i=3, 2, do the same thing.
[00233] Thus, we have generated a complete list of all itoms, for i=2, , 6. Any word that is
left, and it is not a member of {Common_words}, it belongs to {Iw_itoms}. There is no

MINIMUM frequency requirement for 1w-itom.

Uploading an external itom dictionary

[00234] We can use external keyword dictionary. 1) Any phrase from the external
dictionary, if appears in our database of interest, no matter how low the frequency, and
irrespective its number of words contained, will become an itom immediately; or 2) We may put
a minimum frequency requirement. In that case, the minimum frequency may be the same or
different from the minimum frequency used in automated itom selection.

[00235] This step may be done before or after the automated itom identification step. In
our current implementation, this step is done before the automated itom identification step. The
external itoms may become part of an automatically identified itoms. These itoms are replaced
with SYMBOLS, and treated as the same as other characters/words we will handle in the text.

As a result, some externally input itoms may not appear in the final itom list. Some will remain.

Localized Alignments via High Scoring Windows and High Scoring Segments
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The need for localized alignments

[00236] Reason: if a query is a short article, and there are two hits, one is long (the long-
hit), and one is short (the short-hit). The relevancy between the query and the long-hit may be
low, but our current ranking may rank long article high as the long article has a more likelihood
of containing itoms in the query. We would like to fix this bias toward long articles by
introducing local alignments.

[00237] Approach: we will add one more column to the hit page, called “Local Score”,
previous column of “Score” should be renamed as “Global score”. The searching algorithm to
generate the “Global score” is the same as before. We will add one more Module, called

Local Score to re-rank the hit articles in the final display page.

[00238] Here we set a few parameters:

1.Query size min, default, 300 words. If a query is less than 300 words (such as the case
in keyword-based searching), we will use 300 words.

2.Window_size=Query size*1.5. (e.g., if query size is 10 words, then
Window_size=450).

[00239] If the hit size is less than Window_size, Local Score = Global Score. The
Local Alignment is the same as the “Global _Alignment”.

[00240] If a hit is longer than Window_size, then, the “Local Score” and “Local
Alignment” will change. In this case, we pick a window size of Window_size that contain the
HIGHEST score among all possible windows. The Left link will always display the “Local
Alignment” as default, but has a button on the upper right corner of the page, so that “Global
Alignment” can be selected, and in that case, the page refreshes, and displays the global
alignment.

[00241] The right side now will have two links, one to the “Global Score”, and one to the
“Local Score”. The “Global Score” link is the same as before, but the “Local Score” link will
only display those itoms within the Local Alignment.

[00242] The sort order for all the hits should be by Local Score by default. When a user
selects to resort by click the “Global Score” column heading, it should re-sort by Global Score.

Finding the highest-scoring window
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[00243] We will use Window_size=450 to find the highest-scoring window. The other

cases are obvious.

1) Locate a 450-words window by scanning with 100-words steps, and joining it with its left and
right neighbor.

[00244] If an article is less than 450 words, then, there is no need to refine the alignment.
If is longer than 450 words, we will shift the window 100 words each time, and calculate the
Shannon_Information for that window. If the last window has less than 450 words, open it up to
the left-side until it is 450-words in length. Find the highest score window, and select the
window that is one left to it, and one right to it. If the highest score window is either a left-most
or right-most window, you only have two windows. Merge the 3 (or 2) windows together. This
window, with size between 451-650 words is our top candidate. If there are multiple windows

with the Highest score, always use the Left-most window.

2) Narrow down further to a window of 450 words only
[00245] Similar to step 1, now scanning the region with 10-word steps. Find the one with
the highest score. Merge it with the left and right side windows if there is any. Now you have a

window of maximum width of 470 words.

3) Now, do the same scanning, using a 5-word step. Then a 2-word step. Then a one-word step.

You are done!

[00246] Don’t forget to use the Left-most rule if you have more than one window with the

same SCOore.

Aligning High-scoring windows

[00247] The section above provides an algorithm for identifying a window for the TOP-hit
segment. We should EXTEND that logic to identify the 2nd-hit segment, the 3rd-hit segment.
Each time, we first REMOVE the identified hit segment from the hit article. We run the same
algorithm on ALL the fragments after the removal of a HIGH-SCORE segment. Here is the

outline of the algorithm:

1). Set default threshold for selecting a High-score Window as 100. Except for the TOP-hit

window, we will not display any additional alignment that is less than this threshold.
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2). For a given hit which is Longer than 450 words, or 1.5*query_length, we want to identify all

additional High-score segments that is >100.

3). We identify the Top-hit segment as given in the section above.

4). Remove the Top-hit segment, for each of the REMAINING segment, run the same algorithm

below.

5). Use a window size of 450, identify the TOP-hit window within that segment. If the TOP-hit
is less than Threshold, EXIT. Otherwise, push that TOP-hit into a Stack of Identified HSWs
(High Scoring Window). Go to Step 4).

6). Narrowing the display window by DROPPING beginning and ending Low-hit sentences.
After we obtained a 450-word window with threshold above the Threshold, we FURTHER drop
a Beginning Segment, and an End Segment within the Window to narrow the Window size.

For the left side, we search from beginning, until we hit the VERY FIRST of an ITOM with
Information Amount in the TOP 20 ITOMS within the Query. The beginning of that Sentence
will be our New Beginning for the Window.

For the right side, the logic is the same. We search from right-side until the VERY first ITOM
that is in the TOP-20 ITOM list. We keep that sentence as the last sentence for the HSW.

If no TOP 20 ITOMS are within the HSW, we drop the WHOLE WINDOW.

7). Reverse-sort the HSW stack by Score, display Each HSW next to the Query.

An alternative method: identifying high scoring segments

[00248] A candidate entry is composed of a string of itoms separated by non-itomic
substances, including words, punctuation marks, and text separators such as ‘paragraph
separator’ and ‘section separator’. We will define a penalty array y->{x} for non-itomic
substances, where x is word, punctuation marks, or separators, and y->{x} is the value of the

penalty. The following constraints should exist for the penalty array:

D y->{x} <=0, for all x.
2)y->{apostrophe}=y->{hyphen}=0.
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3)y=>{word} >=y->{comma} >=>=y->{colon} =y->{semicolon} >=y->{period} = y-
>{question mark} = y->{exclamation point} >= y->{quotation mark}.

4)y->{quotation mark} >= y->{parentheses} >= y->{paragraph} >= y->{section}.

[00249] Additional penalties may be defined for additional separators or punctuation
marks not listed here. As an example, here is a tentative set for the parameter values:

y->{apostrophe}=y->{hyphen }=0.

y->{word} =-1.

y->{comma} =-1.5.

y->{colon}=y->{semicolon} = -2.

y->{period} = {question mark} = y->{exclamation point} = -3.

y->{parentheses} = -4.

y->{paragraph} = -5

y->{section} = -8.

[00250] Here are the detailed algorithm steps to identify high-scoring segments (HSSs).
HSS concept is different from High-scoring window concept in the sense we don’t have an upper

limit on how long the segment can be.

1) The original string of itomic and non-tiomic substances can now be converted into a

string of positive (for itoms) and non-positive numbers (non-itomic substances).

2) Continuous positive stretches or continuous negative stretches should be merged to give a
combined number for that specific stretch. Thus, after merging the consecutive numbers

within the string always alternates between positive and negative values.

3) Identifying HSSs. Let’s define a “maximum allowable gap penalty for gap initiation”,

gimax. (Tentatively, we can set gimax=30).

a. Start with the highest positive number. We will extend in both directions.

b. If at any time, a negative score SI(k) < - Zimax, We should terminate the HSW at
that direction.

c. If SI(k+1) > -SI(k), continue extending. (The cumulative SI score will increase).

Otherwise, also terminate.
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d. After terminating in both directions, report the positions of termination,
e. If cumulative SI score is > 100, and total number of HSS is less than 3, keep it.

Continue to step a. Otherwise, terminate.

[00251] The parameters discussed within this section needs to be fine-tuned, so that we
have meaningful calculations in the above step. Also, these parameters may be set by
users/programmers based on their preferences.

[00252] The identification of the HSS within the query text is much simpler. Now we will
only care for those itoms contained within the HSS. We start from both ends of the query, until
we run into the very first itom that is in the hiting HSS, we stop. That will be our starting

(ending) position depending on which side you are looking from.

Displaying HSW and HSS on the User Interface

[00253] There are two types of local alignments, one based on HSW, and the other based
on HSS. For the purpose of convenience, we will just use HSW. The same arguments apply to
HSS as well. For each HSW, we should align the query text to the center of that HSW in the hit.
The Query-text will be displayed the same times as the number of HSWs. Within each HSW, we
highlight only the hit-itoms within that HSW. The query text will also be trimmed on both ends
to remove the non-aligning elements. The positions of the remaining query text will be
displayed. Itoms within the query text that is only in the HSW of the hit will be highlighted.
[00254] For the right link, we SHOW the list of ITOMs by each HSW as well. Therefore
when the Localized score is clicked, a window pops up, listing in the order of HSWs, each itom
and their scores. For each of the HSW, we will have one line as the Header, showing the
Summary Information about that HSW, such as the Total score.

[00255] We leave one empty line between each HSW. For example, this is an output
showing 3 HSWs.

(on the left side of popup, centered)

Query

100 .. Dbla bbla aa bll aaa aa lllla bbb blalablalbalblb
blabla bla blablabal baaa aaa 1lllla bbb blalablalbalblb
blabla bla blablabal baaa aaa 1lllla bbb ..313
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... (leave sufficient vertical space here to generate meaningful visual effect for an alignment).

Query

85 .blabla bla blablabal baaa aaa lllla bbb blalablalba
blabla bla blablabal baaa aaa 1lllla bbb blalablalbalblb
blabla bla blablabal baaa aaa 1lllla bbb bbbaaavvva aaa
aaa blablablal Dbbaa ..353
... (leave sufficient vertical space here to generate meaningful visual effect for an

alignment).

Query

456 .. blabla bla blablabal baaa aaa 1lllla bbb blalablal
blabla bla blablabal baaa aaa 1lllla bbb blalablalbalblb
blabla bla blablabal baaa aaa 1lllla bbb ..833

(on the right side of popup)

>ESP88186854 My example of showing a hit with 3 HSWs [DB: US-
PTO]

Length=313 words. Global score = 345.0, Percent Identities
=10/102 (9%)

High scoring window 1. SI Score = 135.0, Percent Identities =

22/102 (21%)

309 .. blabla bla blablabal baaa aaa 1lllla bbb blalablalbal
blabla bla blablabal baaa aaa 1lllla bbb blalablalbalblb
blabla bla blablabal baaa aaa 1lllla bbb blalablalbalblb
blabla bla blablabal baaa aaa 1lllla bbb blalablalbalblb
blabla bla blablabal baaa aaa 1lllla bbb blalablalbalblb
blabla bla blablabal baaa aaa 1lllla bbb .. 611

(leave 2 empty lines here.)

High scoring window 2. SI_Score = 105.7, Percent Identities = 15/102 (14%)
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10 .. blabla bla blablabal baaa aaa 1lllla bbb blalablalbal
blabla bla blablabal baaa aaa 1lllla bbb blalablalbalblb
blabla bla blablabal baaa aaa 1lllla bbb blalablalbalblb
blabla bla blablabal baaa aaa 1lllla bbb .. 283

(leave 2 empty lines here.)

High scoring window 2. SI Score = 85.2, Percent Identities =

10/102 (10%)

812 .. blabla bla blablabal baaa aaa 1lllla bbb blalablalbal
blabla bla blablabal baaa aaa 1lllla bbb .. 988

Variations on the Search Methods

[00256] The method disclosed here is based on Shannon information. There are other
presentations of the same or similar method, but with different appearance. Here we give a few

such examples.

Emploving statistical method and measuring in p-value, e-value, percent identity, and percent

similarity

[00257] As Shannon information is based on statistical concepts and is related to
distribution function, the similarity between query and hit can also be measured in statistical
quantities as well. Here the key concepts are p-values, e-values, and percent identity.

[00258] The significance of each alignment can be computed as a p-value or an e-value.
E-value means expectation value. If we assume the given distribution of all the itoms within a
database, and for the given query (with its list of itoms), e-value is the number of different
alignments with scores equivalent to or better than SI-score between query and hit that are
expected to occur in a database search by chance. The lower the e-value, the more significant the
score. p-value is the probability of an alignment occurring with the score in question or better.
The p-value is calculated by relating the observed alignment SI-score to the expected distribution
of HSP scores from comparisons of random entries of the same length and composition as the

query to the database. The most highly significant p-values will be those close to 0. p-value
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multiplied by the total number of entries in the database gives e-value. p-values and e-values are
different ways of representing the significance of the alignment.

[00259] In genetic sequence alignment, there is a mathematical formula expressing the
relationship between a S-score and p-value (or e-value). That formula is derived by making some
statistical assumptions on the description nature of database and its entries. Similar mathematical
relationship between Sl-score and p-value exists. It is a subject needs further theoretical research.
[00260] Percent identity is a measure of how many itoms in the query and the hit HSP are
matched. For a given identified HSP, it is defined as (matched itoms)/(total itoms) * 100%.
Percent similarity is the (summation of SI-score of matched itoms)/(total SI-score of itoms).
Again, these two numbers can be used to as a measure of similarity between the query and hit for

a specific HSP.

Employing physical method and the concept of mutual information

[00261] Another important concept is mutual information. How much information does
one random variable tell about another one? When we look at the hit HSP, it is a random variable
that is related to the query (another random variable). What we want to know is once we are
given the observation (the hit HSP), how much we can say about the query. This quantity is the

mutual information:

I(X,Y) = Zx Zy p(x,y) log p(x,y)(p(x)*p(y))

[00262] Where X, Y are two random variables within the distribution space, p(x), p(y) is
their distribution, and p(x,y) is the joint distribution of X, Y. Note that when X and Y are
independent (when there is no overlapped itoms between the query and the hit), p(x,y) =
p(x)p(y) (definition of independence), so I(X;Y) = 0. This makes sense: if they are independent

random variables then Y can tell us nothing about X.

Emploving externally defined probability/frequency matrix on some or all itoms

[00263] The probability, frequency, or Shannon information of itoms can be calculated
from the database within. It can also be specified from outside. For example, probability data can
be estimated from random sampling of a very large data set. A user can also alter the SI-score of
itoms if he specifically want to amplify/diminish the effect of a certain itoms. People with
different professional backgrounds may prefer to use a distribution function appropriate for his

specific field of research. He may upload that itomic score matrix at search time.
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Emploving an identity scoring matrix or cosine function for vector-space model

[00264] If a user prefers to view all itoms equally, or think that all itoms should have
equal amount of information, then he is using something called identity scoring matrix. In this
case, he is actually reducing our full-text searching method to something similar to vector-space
model, where there is no weighting at all on any specific words (except in our application here
words should be replaced with itoms).

[00265] The information contained in a multi-dimensional vector can be summarized in
two one-dimensional measures, length and angle with respect to a fixed direction. The length of
a vector is the distance from the tail to the head of the vector. The angle between two vectors is
the measure (in degrees or radians) of the angle between those two vectors in the plane that they
determine. we can use one number, the angle between the document vector and the query vector,
to capture the physical "distance" of that document from the query. The document vector whose
direction is closest to the query vector's direction (i.c., for which the angle is smallest) is the best
choice, yielding the document most closely related to the query.

[00266] We can compute the cosine of the angle between the nonzero vectors x and y by:
. _ T
cosine o=x"y / (|Ix| lyl})
[00267] In the traditional vector-space model, the vector of x and y are just numbers
recording the appearance of the words and terms. If we change that to the information amount
for the itoms (counting duplications), then we obtain a measure of similarity between the two

articles in the informational space. This measure is related to our SI-score.

Emploving other search engines as an intermediate

[00268] In some occasions, one may want to use other search engines as an intermediate.
For example, if Google or Yahoo has a large internet database, but we don’t have it. Or due to
space limitation we don’t want to have it installed locally. In this case, one can use the following

approach to search:

1. Upload an itomic scoring matrix (this can be from external sources or from random
sampling, see Section 4.3).
2. When given a full-text as query, select a limited number of high-information content

itoms based on the external website’s preference. For example, if Google performs
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best with ~5 keywords, lets select 10-20 high information content itoms from the
query.

3. Let’s split the ~20 itoms into 4 groups, and query the Google site with the 5 itoms.
Retrieve the results into local memory.

4. Combine all the retrieved hits into a small database. Now, run our 1-1 alignment
program between query and each hit. Calculate the SI-score for each retrieved hit.

5. Report the final results with the order of SI-scores.

Score Calculation Employing Similarity Coefficient Matrices

Extending exact matching of itoms to allowing similarity matrices

[00269] Typically, we require the hit and the query to share the same exact itoms. This is
called exact match, or “identity mapping” when used in sequence alignment problems. But this is
not necessary. In a very simple implementation of allowing user to use synonyms, we allow a
user to define a table of itom synonyms. These query itoms with synonyms will be extended to
search the synonyms in the database as well. This feature is currently supported by our user
interface. The uploading of this user-specific synonym list does not change the Shannon
information amount of involved itoms. This is a preliminary implementation.

[00270] [0097] In a more advanced implementation, we allow users to perform “true
similarity” searches by loading various “similarity coefficient matrices.” These similarity
coefficient matrices provide lists of itoms that have similar meaning, and assign a similarity
coefficcient between them. For example, the itom “gene chip” has a 100% similarity coefficient
to “DNA microarray”, but may have a 50% similarity coefficient to “microarray”, and a 30%
similarity coefficient to “DNA samples”; as another example, “UCLA” has 100% similarity
coefficient to “University of California, Los Angeles”, and it has 50% similarity coefficient to
“UC Berkerly”. The source of such “similarity matrices” can be from usage statistics or from
various dictionaries. It is external to the algorithm. It can be subjective instead of objective.
Different users may prefer using different similarity coefficient matrix because his interest and
focus.

[00271] We require the similarity coefficient between 2 itoms symmetric, i.e., if “UCLA”
has a 100% similarity coefficient to “University of California, Los Angeles”, then “University
of California, Los Angeles” must have 100% similarity coefficient to UCLA. If we list all the
similarity coefficients for all the itoms within a database (with N distinct itoms, and M total

itoms), we will form a symmetric matrix of N*N, with all the elements in this matrix 0<=a 1 j
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<=1, and the diagonal elements will be 1. Because a itom usually have a very limited number of
itoms that are similar to it, the similarity coefficient matrix is also sparse (most of the elements

will be zero).

Computing of Shannon information for each itom

[00272] Once a distribution function, and a similarity matrix are given for a certain

database, there is a unique way of calculating the Shannon information of each itom:

Sl(itom1) = -log, [(Zjai;* F (itom;))/M ]

Where j=0, ... N, and M is the total itom counts within the database (M= X, F(itom 1)

[00273] For example, if the frequency of UCLA is 100, and the frequency of “University
of California, Los Angeles” is 200, and all other itoms in the database have a similarity

coefficient 0 to these two itoms, then,

SI(UCLA) = SI (“University of California, Los Angeles”) = -log 2 (100+200)/M.

[00274] The introduction of similarity coefficient matrix to the system reduces the
information amount of involved itoms, and also reduces the total amount of information in each

entry, and in the complete database. The reduction of information amount due to the

introduction of this coefficient matrix can be exactly calculated.

Computing of Shannon information score between two entries

[00275] For a given database with a given itom distribution, and an externally given
similarity coefficient matrix for the itoms in the database, how should we measure the SI_score

between two entries. Here is the outline:

1. Read in the query, and identify all the itoms within.

2. Look up the similarity coefficient matrix, identify the additional itoms that have non-zero
coefficients with these itoms contained in query. This is the expanded itom list.

3. Identify the frequency of the expanded itom list in the hit.

4. Calculate the SI_score between these two entries by:
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SI(AinA)=%;%;a;j min(itom 1in A) Sl(itom ij)

Search Meta Data

[00276] Meta data may be involved in text databases. Depending on the specific
application, the contents of meta data are different. For example, in a patent database, meta data
involves assignee and inventor; it also has distinct dates such as priority date, application date,
publication date, issuing date, etc. In a scientific literature database, meta data includes: journal
name, author, institution, corresponding author, address and email of corresponding author, dates
of submission, revisions, and publication.

[00277] Meta data can be searched using available searching technology (word/phrase
matching and Boolean logic). For example, one can query for articles published by a specific
journal within a specific period. Or one can search meta data collections that contains specific
word, and not contain another specific word. Searching by matching keywords, words, and
applying Boolean logic, are known art in the field. It is not described here. These searching
capacities can be made available next to the full-text query box. They serve as a further
restriction in reporting hits. Of course, one may leave the full-text query box empty. In this case,

the search becomes traditional Boolean logic based or keyword-matching searches.

Application to Chinese Language

[00278] Chinese language implementation of our search engine is done. We have
implemented on two text databases, one is the Chinese patent abstract database, and the other is
an online BLOG database. We did not run into any particular problems. There are a few
language-specific heuristics that were addressed: 1) we screen against 400 common Chinese
characters based on their usage frequency (this number can be adjusted). 2) The identified
phrases far-exceeds the number of single characters. This is different from English. The reason is
in Chinese, there are only ~3,000 common characters. Most of the “words”, or “meaning” are
expressed by a specific combination of more than one characters. The attached figures show the

query and outputs from some Chinese searches using our search engine.

Metric and Distance Function in Informational Space and Clustering

Introduction
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[00279] Clustering is one of the most widely methods in data mining. It is applied in many
areas, such as statistical data analysis, pattern recognition, image processing, and much more.
Clustering partitions a collection of points into groups called clusters, such that similar points fall
into the same group. Similarity between points is defined by a distance function satisfying the
triangle inequality; this distance function along with the collection of points describes a distance
space. In a distance space, the only operation possible on data points is the computation of
distance between them.

[00280] Clustering methods can be divided into two basic types: hierarchical and
partitional clustering. Within each of the types there exists a wealth of subtypes and different
algorithms for finding the clusters. Hierarchical clustering proceeds successively by either
merging smaller clusters into larger ones, or by splitting larger clusters. The clustering methods
differ in the rule by which it is decided which two small clusters are merged or which large
cluster is split. The end result of the algorithm is a tree of clusters called a dendrogram, which
shows how the clusters are related. By cutting the dendrogram at a desired level a clustering of
the data items into disjoint groups is obtained. Partitional clustering, on the other hand, attempts
to directly decompose the data set into a set of disjoint clusters. The criterion function that the
clustering algorithm tries to minimize may emphasize the local structure of the data, as by
assigning clusters to peaks in the probability density function, or the global structure. Typically
the global criteria involve minimizing some measure of dissimilarity in the samples within each
cluster, while maximizing the dissimilarity of different clusters.

[00281] Here we first give the definition of an “informational metric space” by extending
a traditional vector space model with an “informational metric”. We then show how the metric is
extended to a distance function. As an example, we show the implementation of one of the most
popular clustering algorithm, the K-mean algorithm, using the defined distance and metric. The
purpose of this section is not to exhaustively list all potential clustering algorithms that we can
implement, but rather, through one example, to show that various distinct clustering algorithms
can be applied once our “informational metric” and “informational distance” concepts are
introduced. We also show how a dendrogram can be generated, with the itoms for separation the
subgroups listed at each branch.

[00282] This clustering method is conceptually related to our “full-text” search engine.
One can run the clustering algorithm to put the entire database into a huge dendrogram or many
smaller dendrograms. A search can be the process of traverse the dendrogram to the small
subclasses and the leaves (individual entries of database). Or one can do a “clustering on the

flight”, which means we run a small-scale clustering on the output from a search (the output can
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be from any search algorithm, not just our search algorithm). Further, one can run clustering on
any data collection to the user’s interest, for example, a selected subset of outputs from a search

algorithm.

Distance function of Shannon information

[00283] Our method extends on the vector-space model. The concept of itom is an
extension of a term in the vector-space model. We further introduce the concept of informational
amount for each itom, which is a positive number associated with the frequency of the itom.
[00284] Let’s suppose we are given a text database D, composed of N entries. For each
entry X in D, we define a norm (metric) for x, called informational amount SI(x):

SI(x) ==Z; x;
where xi are all the information amount of itom i that is in x.
[00285] For any two entries from D, we define a distance function d(x, y) (where x, y
stands for entries, and d(.,.) is a function).

dx,y) =Zixi +Zy;

where x; are all the information amount of itom i that is in x and not in y, and yj represents all the
information amount of itom j that is in y but not in x.
[00286] If an itom appears in X m times and in y n times, and m>n, then, it should be
calculated as (m-n)*xi; if m<n, then, it should be calculated as (n-m)*y; (here x;=y;); if m=n,
then its contribution to d(x,y) would be 0.
[00287] The distance function defined this way on D qualifies as a distance function, as it
satisfies the following properties:

1) d(x,x)=0 for any given x in D.

2) d(x,y)>=0 for any x, y in D.

3) d(x,y)=d(y,x) for any x, y in D.

4) d(x,z) <=d(x,y)*+d(y,z) for any given x,y,z in D.

[00288] The proofs of these properties are obvious, as the information amount for each

itom is always positive. Thus, D with d(.,.) now is a distance space.

K-means clustering algorithms in space D with informational distance

[00289] K-means (See J. B. MacQueen (1967): "Some Methods for classification and

Analysis of Multivariate Observations, Proceedings of 5-th Berkeley Symposium on

Mathematical Statistics and Probability"”, Berkeley, University of California Press, 1:281-297) is
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one of the simplest clustering algorithms. The procedure follows a simple and easy way to
classify a given data set through a certain number of clusters (assume k clusters) fixed a priori.
The main idea is to identify k best centroids, one for each cluster (to be obtained). For
convenience, we will call a data entry in space D a “point”, and the distance between two data
entries as distance between 2 points.
[00290] What is a centroid? It is determined by the distance function for that space. In our
case, for two points in D, the centroids is the point which contains all the overlapping itoms for
the given 2 points. We can call such a process a “joining” operation between the 2-points. This
idea is easily extensible to obtaining centroids for multiple points. For example, the centroid for
3 points, is the centroid obtained by “joining” the centroid of the first 2 points with the third
point. Generally speaking, a centroid for n-points is composed of the shared itoms among all the
data points.
[00291] The clustering algorithm aims at minimizing an objective function (the
cumulative information amount of non-overlapping itoms between all itoms and their
corresponding centroids)

E=%, 2" d (xi, z)
where x;j 18 the j-th point in the i-th cluster, z; is the centroid of the i-th cluster, and n; is the
number of points in that cluster. The notation d(x;,zi) stands for the distance between x;; and z;.

[00292] Mathematically, the algorithm is composed of the following steps:

1. Randomly pick k points in the space from the point set that is being clustered. These
points represent initial group of centroids.

2. Assign each point to the group that has the closest centroid as given by the distance
function.

3. When all points have been assigned, recalculate the positions of the k-centroids.

4. Repeat Steps 2 and 3 until the centroids no longer move. This produces a separation of

the points into groups from which the metric to be minimized can be calculated.

[00293] Although it can be proved that the procedure will always terminate, the k-means
algorithm does not necessarily find the most optimal configuration, corresponding to the global
objective function minimum. The algorithm is also significantly sensitive to the initial randomly
selected cluster centres. The k-means algorithm can be run multiple times to reduce this effect.
[00294] Specifically with our definition of distance, if the data set is very disjoint

(composed of unrelated materials), the objective of reducing to k-clusters may be not obtainable
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if k is too small. If this situation happens, k has to be increased. In practice, the exact number of

k has to be determined externally based on the nature of data set.

Hierarchical clustering and dendrogram

[00295] Another way to perform cluster analysis is to create a tree like structure, i.e. a
dendrogram, of the data under investigation. By using the same distance measure we mentioned
above, a tree (or multiple trees) can be made which shows in which order data points (database
entries) are related to each other. In hierarchical clustering, a series of partitions takes place,
which may run from a single cluster containing all points to n clusters each containing a single
point.

[00296] Hierarchical clustering is subdivided into agglomerative methods, which proceed
by series of fusions of the n points into groups, and divisive methods, which separate n points
successively into finer groupings. Agglomerative techniques are more commonly used.
Hierarchical clustering may be represented by a 2-dimensional diagram known as dendrogram
which illustrates the fusions or divisions made at cach successive stage of analysis. For any
given data set, if there is at least one shared itom for all points, then this cluster can be reduced to

a single hiearchial dendrogram with a root. Otherwise, multiple tree structures will be resulted.

Agpglomerative methods

[00297] An agglomerative hierarchical clustering procedure produces a series of partitions
of the data points, Py, Py, ....... , P1. The first P, consists of n single point 'clusters’, the last Py,
consists of single group containing all n cases. At each particular stage the method joins together
the two clusters which are closest together (most similar). (At the first stage, of course, this
amounts to joining together the two points that are closest together, since at the initial stage each
cluster has one point.)

[00298] Differences between methods arise because of the different ways of defining
distance (or similarity) between clusters. The commonly used hierarchical clustering methods
include single linkage clustering, complete linkage clustering, average linkage clustering,
average group linkage, and Ward’s hierarchical clustering method. The differences among these
methods are in the way of defining the distance between two clusters. Once the distance function
is defined, the clustering algorithms mentioned here, and many additional methods, can be
obtained using computational packages. They are not discussed in detail here, as any person with

proper training in statistics/clustering algorithms will be able to implement these methods.
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[00299] Here we will give two examples of new clustering algorithms that are specifically
associated with our definition of “informational distance”. One is called named “minimum intra-
group distance” method, and the other “maximum intra-group information” method. These two

methods are theoretically independent methods. In practice, depending on the data set, they may

yield same, similar, or different dendrogram topologies.

Minimum intra-group distance linkage

[00300] For this method, one seeks to minimize the intra-group distance in each merging
step. The groups with the minimal intra-group distance is linked (merged). Intra-group distance
is defined as the distance between the two centroids of the group. In other words, the two clusters
r and s are merged such that, before merger, the informational distance between the two clusters

r and s, is minimum. d(r,s) , the distance between clusters r and s, is computed as

d(r,s) = X SI(1) +SI()
[00301] where points 1 is an itom in the centroid for r, but not in the centroid for s, and j is
in centroid for s, but not for r. For itoms appearing in both centroids, but with different times,
we use the usual way of handling as the case for calculating the distance for two points. At each

stage of hierarchical clustering, the clusters r and s, for which d(r,s) is minimum, are merged.

Maximum intra-group information linkage

[00302] For this method, one secks to maximize the intra-group informational overlap in
cach merging step. The groups with the maximal intra-group informational overlap is linked
(merged). Intra-group informational overlap is defined as the cumulative information among the
itoms belonging to both the two centroids. In other words, the two clusters r and s are merged
such that, before merger, the informational overlap between the two clusters r and s, is at a

maximum. SI(r,s) , the informational overlap between clusters r and s, is computed as

SI(r,s) = = SI(i)

where points 1 is an itom in both the centroid for r, and in the centroid for s. At each stage of

hierarchical clustering, the clusters r and s, for which SI(r,s) is maximal, are merged.
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Theory on Merging Databases with Applications in Database Updating and

Distributed Computing

Theory on merging databases

[00303] If we are given two distinct databases, and we want to merge them into a single
database, what are the characteristics of this merged database? What are the itoms? What is its
distribution function? How can a search score from each individual database be translated into a
score for the combined database? In this section, we first give out theoretical answers to these

questions. We then will show how the theory can be applied in real-world applications.

Theorem 1. Let D;, D, be two distinct databases with itom frequency distribution Fy, (f1(1), 1=1,
...,my), Fo, (£:(j), j=1, ..., np), total number of cumulative itom number N; and N, and total
distinct itoms n; and n,. Then, the merged database D will have N;+N; total itoms, total number

of distinct itoms not less than max(n;, nz), and an itom frequency distribution function F:

f(1)=f1(1) +2(1) if i belongs to both D; and D»;
=fi(1) if 1 belongs to only Dj;
=£(1) if 1 belongs to only D;.

Proof: The proof of this theorem is quite obvious. For F to be a distribution function, it has to

satisfy: (1) 0<= {(i)/N <=1. (for i=0, ..., n), and (2) Xi-;..., nf(i)/N =1.

This is because:
1) 0<= f(i)/N = (fi(i) +£,(1)) /(N;+N;) <= (N;+N,)/(N; + N,) = 1, for all i=0, ..., n.
2) Zioi, of (DN = Zicr. of 1(0) + Zicr ., of 2(D))/N
= (Zier,mf 1) + Z=1 2l 20)Y/ (N1 + No) = (N1+HN2)/(N+Np) = 1

[00304] What is the impact of such a merge on the information amount of each itom? If an
itom is shared by both D, and D,, the Shannon information function is: SI;(i1) = - log,f1(1)/Ny,
SIx(1) = - log,f2(1)/N,. The new information amount for this itom in the merged space D is:

SI(1) = -log2(f1(1)+12(1))/(N1+N2). From Theorem 1, we know this is a positive number.
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[00305] If an itom is not shared by both D, and D,, the Shannon information function is:
SIi(1) = - log,f1(1)/Ny, for 1 in D; but not in D,. The new information amount for this itom in the
merged space D is: SI(i) = -logyfi(1)/(N1+N7). Again we know this is a positive number. The

case for itoms in D, but not in D, is similar. What are the implications on Shannon information

amounts of these itoms? For some special cases, we have the following theorem:

Theorem 2. 1) If the database size increases, but the frequency of an itom does not change, then
the information amount of that itom increases. 2) If the itom frequency increases proportionally
to the increase in total amount of cumulative itoms, then the information amount of that itom

does not change.

Proof: 1) for any itom that is in D; not in Dy:

SI(i) = -logfi (())/(N1+N3) > SLi(i) = -log,fi(i)/N .

2) Because the frequency is increased proportionally, we have f,(1)/N, = f1(1)/Ny, i.e. we

have: f,(1) = ( N2/Ny) f1(i). Therefore:

SI(i) = -loga(Fi () +H(1))/(N+N2) = -loga(Fi()+HNo/NDE (D))/(N+N>)
= -Ingfl(i) (N1+N2)/((N1+N2)N1) = -longl(i)/N1=Sll(i).

[00306] For other cases not covered by Theorem 2, the information amount of an itom
may increase or decrease. The above simple theory has powerful applications in the implication

of our search engine.

Applications in database merging

[00307] If we have to merge several databases to form a combined database, Theorem 1
tells us how we can perform such merges. Specifically, the new distribution function is generated
by merging the distribution functions from each individual databases. The itoms for the merged
database will be the union of all itoms from each component database. The frequency of this new
itom in the merged database is obtained by adding the frequency for each of the itom across on

the databases we are merging.
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Applications in database updating

[00308] If we are updating a single database with additional entries, for example, on a
weekly or monthly schedule, the distribution function F, must be updated as well. If we don’t
want to add any new itoms to the distribution, we can simply go through the list of itoms in F, to
generate a distribution function F, (F, will not have any new itoms). According to Theorem 1, F,
is obtained by going through all itoms with non-zero frequency in F,, and add them to the
corresponding frequency in F,,.

[00309] There is one shortcoming of the above-method the new distribution. Namely,
previously identified itom list in F, may not reflect the complete itom list in F, should we re-run
the automated itom identification program. This shortcoming can be resolved in practice by
generating a candidate pool of itoms using thresholds, say 1/2 of the required thresholds for the
identification of itoms. Then in updating, one should check if any of these candidate itoms are
now new itoms after merging event. If yes, they should be added into the distribution function
Fn. Of course, this is only an approximate solution. If substantial data is added, let’s say over
25% of original data size for F,, or that the new data is very distinct from the old ones from the
sense of itom frequency, then one should re-run the itom identification program on the merged

data anew.

Distributed computing environment

[00310] When database size is big, or that the response time for a search has to be very
short, then the need in distributed computing is obvious. There are two aspects of distributed
computing for our search engine: 1) distributed itom identification. 2) distributed query search.
In this subsection, we will first give some background on environment, terminology, and
assumptions of distributed computing.

[00311] We will call the basic unit (with CPU, local memory, with local disk space or
without) a node. We will assume there are three distinct classes of nodes, namely: “master
nodes”, “slave nodes”, and “backup nodes”. A master node is a managing node that distributes
and manages jobs, it also serve the purpose of interfacing to user. A slave node is a node that
perform partial of the computational task as given by the master node. A backup node is a node
that may become master node or slave node on demand.

[00312] The distributed computing environment should be designed in a way of fault-

tolerant. The master node distributes jobs to each “slave nodes”, and collects the results from

cach slave node. The master node also merges the results from slave nodes to generate a
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complete result for the problem in hand. The master node should be designed fault-tolerant. For
example, if the master node fails, another node, from the backup node pool should become a
master node. The slave node should also be designed as fault-tolerent. If one slave node dies, the
backup node should be able to become a clone to that slave node in a short time. One of the best
way to have fault tolerance is to have a 2-fold redundancy on the master node and each of the
slave nodes. During the computation, both nodes will perform the same task. The master node
only need to pick up response from one of the cloned slave node (the faster one). Of course this
kind of 2-fold redundancy is a resource hog. A less expensive alternative is to have only a few
backup nodes, with each backup node being able to become a clone for any of the slave node. In
this design, if one slave dies, it will take some time for the backup node to become fully
functional slave node.

[00313] In the environment that extra-robustness is required, both these methods can be
implemented together. Namely, each node will have a fully cloned duplicate that has the same
computational environment, and will run the same computation job in duplication. In the mean
time there is a backup node pool, with each node can become the clone to the master node or any
of the slave node. Of course, the system administrator should also be noticed whenever there is a

failing node, and the problem should be fixed quickly.

Application in distributed itom identification

[00314] Suppose a database D is partitioned into Dy, ..., Dy, the question is: can we run a
distributed version of itom identification program to obtain its distribution function F, with the
identification of all itoms and their frequencies? The answer is yes!

[00315] Let’s assume the frequency thresholds used in automated itom identification is Tr,
we will use Tr/n as the new thresholds for each partitioned database (Tr/n means for each
frequency threshold, we divide it by a common factor n). (F, Tr) means a distribution generated
using threshold Tr. After we obtain the itom distribution with Tr/n for each Di, we merge them
all together to obtain a distribution F using threshold Tr/n, (F, Tr/n). Now, to obtain (F, Tr), one
just need to drop these itoms that does not meet the new threshold Tr.

[00316] The implementation of distributed itom identification in the environment given in
subsection 9.4 is obvious. Namely, a master node will split the database D into n small subsets,
D1, ..., Dn. Each of the n slave nodes will identify the itoms in this subset Di with smaller
thresholds, Tr/n The result is communicated back to the master node when the computation is
completed. The master node now combines the results from each slave nodes to form a complete

distribution function for D with threshold Tr.
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Application in distributed query search

[00317] Suppose we are given (D, F, Tr), where D is the database, F its itom distribution
function, and Tr the thresholds used to generate this distribution. We will split the database D
into n subsets: Dy, ..., D,. We will distribute the itom distribution function for D into n slave
nodes. Thus, the search program is run under the following environment: (D;, F, Tr), i.e.,
searching only a subset of D but using the same distribution function for the combined dataset D.
[00318] For a given query, after all the hit list from the specific Di is obtained, the hit lists
above the user-defined threshold (or default threshold) are sent to the master node. The master
node merges the hit list from each slave node into a single list by sorting through the individual
hits (just to re-order the results) to generate a combined hit list. There is no adjustment on the
score needed here, as we used the distribution function F to calculate the score. The score we
have is already a hit score that is for the entire database D.

[00319] This distributed computing design speeds the search from several aspects. First, in
cach slave node, the amount of computation is only limited onto the much smaller database, D;.
Secondly, because the database is much smaller now, it is possible to store the complete data into
memory, so that disk access is mostly or completely eliminated. This will speed up the search
significantly, as our current investigation on search speed shows up to 80% of search time is due
to disk access. Of course, here not only the content of D;, but also the complete distribution

function F has to be loaded into memory as well.

Introduction to Itomic Measure of Information Theory

[00320] In the co-pending patent applications, we have put forward a theory for accurately
measure information amount of a document under the assumption of a given distribution. The
basic assumptions of the theory are:

1. The basic units of information are itoms. For textual information, itoms are words
and phrases either identified internally or defined externally. An entry in a database
can be viewed as a collection of itoms with no specific order.

2. For a given informational space, the information amount of an itom is determined by
a distribution function. It is the Shannon information. The distribution function of
itoms can be generated or estimated internally using the database at hand, or
provided externally.

3. Similarity between itoms is defined externally. A similarity matrix can be given to

the data in addition to the distribution function. An externally defined similarity
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matrix will change the information amount of itoms, and reduce the total
information amount of the database at hand.

4. The similarity matrix A=(a(i, j)), is a symmetric matrix, with diagonal numbers 1.
All other members 0<=a(i, j) <=I.

5. Information amount is additive. Thus, one can find the information amount of an
itom, an entry within a database, and the total information amount of a database.

6. If we use frequency distribution as an approximation for the information measure
for a given database, the frequency distribution of a merged database can be easily

generated. This theory has serious implications on distributed computing.

[00321] This concept can be applied to compare different entries, to find their similarity
and differences. Specifically, we have defined an itomic distance.
1. The distance between two itoms is the summation of the A (information amount) of
the two itoms, if they are not similar.
2. The distance between two similar itoms is measured by: d(t;, t;) = IA(t;) + TA(t,) —
2*a(t), t2), where a(ty, tz) is the similarity coefficient between t; and t,.
3. The distance between two entries can be defined as the summation of
a. For non-similar itoms, the IA of all non-overlapping itoms between the two
entries.

b. For itoms with similarity, we have to minus the similarity part out.

[00322] To measure the similarity between two entries, or segments of data, we can use
either the distance concept above, or we can define:

1. The similarity between two entries, or two informational segments can be defined as
the summation of information amount of all overlapping itoms.

2. Alternatively, we can define similarity between two entries as the summation of
information amount of all overlapping itoms, minus all the information amount of
non-overlapping itoms.

3. Alternatively, in defining similarity, we can use some simple measures for non-
overlapping itoms, such as the total number of non-overlapping itoms, or the
information amount of non-overlapping itoms multiplied by a coefficient beta

(O<=beta <=1).

Direct applications
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Direct applications

1. Scientific literature search. Can be used by any researcher.

[00323] Scientific literature database, cither contains abstracts or full-text articles, can be
searched using our search engine. The database has to be compiled/available. The sources of
these databases are many, including journals, conference collections, dissertations, curated

databases such as MedLine and SCI by Thomson.

2. Patent search: is my invention novel? Any related patents? Prior-arts?

[00324] A user can put in a description of his/his client’s patent. The description can be
quite detailed. One can use this description to search the existing patent abstract or full-text
database, or the published applications. The related existing patents and applications will be

found in this search.

3. Legal search of matching cases: what is the most similar case in the database of all
prosecuted cases?

[00325] Suppose a lawyer is preparing the defense of a civil/criminal case, he wants to
know how similar cases are persecuted. He can search a database of civil/criminal cases. These
cases can contain distinct parts, such as summary description of the case, defendant lawyer’s
arguments, supporting materials, judgment of the case, etc. To start, he can write a summary
description of the case in hand, and search against the summary description database of all
recorded cases. From there onward, he can further prepare his defense by searching against the

collection of the defendant lawyer’s arguments using his proposed defendant arguments as a

query.

4. Email databases. Blog databases. News databases.

[00326] In an institution, emails are quite a large collection. There is many occasions
when one needs to search a specific collection of the emails (may it be the entire collection, a sub
collection within a department, or send/received by a specific person). Once the collection is
generated, our search engine can be applied to search against the contends of this collection. For
Blog database and News database, there is not much different. The content search will be the
same, which is a direct application of our search engine. The meta data search may be different,

as cach data set has a specific meta data collection.
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5. Intranet databases: Intranet webpages, web documents, internal records, documentation,
specific collections.

[00327] Many institutions and companies have large collection of distinct databases.
These databases may be product specifications, internal communications, financial documents,
etc. The need to search against these intranet collections is high, especially when the data are not
much organized. If it is a specific intranet database, the content is usually quite homogenous, (for
example, Intranet HTML pages), one can build a searchable text database from the specific

format quite easily.

6. Journals, newspapers, magazines, and publication houses: is this submission new? Are there

any previous related publications? Identifying potential reviewers?

[00328] One of the major concern to various publication houses such as journals,
newspapers, magazines, trade markets, and books is whether the submission is new or it is a
duplication of others. Once a database of previous submissions is generated, a full-text search
against this database should reveal any potential duplications.

[00329] Also, in selecting reviewers for a submitted article, using the abstract of the paper
or a key paragraph in the text to search against a database of articles will reveal a list of

candidates of reviewers.

7. Desktop search: we can provide search of all the contents in your desktop, in multiple file
formats (MS-Word, Power point, Excel, PDF, JPEG, HTML, XML, etc.)

[00330] In order to search against a mosaic type of file formats, some file format
convention is needed. For example, the PDF file, DOC file, EXCEL file, they all have to be first
converted to plain text format, and compiled into a text database before search can be performed.
A link to the file location of these files should be kept in the database, so after search is
performed, the link of hits will point to the original file, instead of the converted plain text file.
The alignment file, (it is shown through the left-link produced in our current interface), however,

will use the plain text.

8. Justice Dept., FBI, CIA: criminal investigation, anti-terrorists
[00331] Suppose there is a database of criminals and suspects, including suspects of

international terrorists. When a new case comes in, with a description of the criminal involved,
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or the crime theme, then it can be searched against the criminal/suspect database or the crime

theme database.

9. Searching against congress and government agencies’ legislatures and regulations, etc.

[00332] There are many government documents, regulations, and congress legislatures
concerning various matters. For a user, it is hard to find specific documents concerning a specific
issue. Even for trained individuals, this task may be very demanding because the vast amount of
material collection. However, once we have a complete collection of these documents, searching
against them using a long text as query will be easy. We don’t need much an internal structure

for these data, we also don’t need to train the users a lot.

10. Internet

[00333] Searching Internet is also a generic application of our invention. Here the users
are not limited to searching by just a few words. He can ask complex questions, entering detailed
description of whatever he wants to search. On the backend, once we have a good collection of
the Internet content, or the Internet content of a specific segment of his concern, then the
searching task is quite casy.

[00334] Currently, we don’t have meta data for Internet content searches. We can have
distinct partitions of Internet content, though. For example, in the first implementation of our
“Internet Content Search Engine”, we can have the default database to be the one that contains
all Internet content, but also giving the option to the user to narrow his search to a specific

partition, may it be a “product list”, “company list”, “educational institutions”, just to give a few

examples.

Email screening against junk mails

[00335] One problem with today’s email system is that there are too many junk mails
(advertisements and solicitations of various sorts). Many email services provide screening
against these junk mails. These screening methods are of various flavors, but mostly based on
matching keywords and strings. These methods are insufficient against the many different
flavors of junk emails. They are not accurate enough. As a result, we run into problems of two
folds: 1) insufficient screening: many junk mails escape the current screening program and end
up in users regular email collections; 2) over screening: many important emails, normal/personal

emails are screened out into junk mail category.
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[00336] In our approach, we will first establish a junk email database. This database
contains known junk mails. Any incoming email is first searched against this database. Based on
the hit score, it is assigned a category: (1) junk mail, (2) normal mail, (3) uncertain. The
categories are defined by thresholds. These having hit score against the junk mail database
above a high-threshold are automatically put in category (1); these with hit scores lower than a
low-threshold or with no hits at all are put in normal mail category. The ones that are in between
the high- and low-thresholds , category (3), may need human intervention. One method of
handling category (3) is to let them into the normal mail box of recipient, and in the mean time,
have a person go through to further identify it. For any identified new junk mails, they will be
appended to the known junk mail database.

[00337] Users can nominate to email administrators new junk emails they received. Users
should forward suspected/identified junk emails to the email administration. The email
administrator can further check on the identity of the submitted emails. Once the junk mail status
is for certain, he can append these junk mails into the junk email database for future screening
purpose. This is one way to update the junk mail database.

[00338] This method of junk mail screening should increase the accuracy that the current
searching algorithms lacks. It can identify not only junk mails that are identical to known ones,
but can also identify modified ones. Junk email originator will have a hard time to modify

sufficiently his message to escape our junk mail screening program.

Program screening against virus

[00339] Many viruses embed themselves in mails on other format of media, and infect
computer systems and corrupt file systems. Many virus checking and virus screening programs
are available today (for example, McAfee). These screening methods are of various flavors, but
mostly based on matching of keywords and strings. These screening methods are insufficient
against the many different flavors of viruses. There are not accurate enough. As a result, we run
into problem of two folds: 1) insufficient screening: many viruses or viruses infected files escape
the screening program; 2) over screening: many normal files are mistakenly assigned as an
infected files.

[00340] In our approach, we will first establish a proper virus database. This database
contains known viruses. Any incoming email, or any existing file within the file system during a
screening process, is first searched against this database. Based on the scoring, it is assigned a

categorization: (1) virus or virus infected, (2) normal file, (3) uncertain. The categorization is
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based on thresholds. These hitting the virus database above the high threshold are automatically
put in category (1) these below the low threshold or with no hits are put in normal file category.
The ones that are in between the high and low thresholds may need human invention. One
method of handling category (3) is to lock the access to these files, and in the mean time, have an
expert to go through it to further identify whether it is infected or not. For any identified new
virus (those with no exact match in the current virus database), they will be put into the virus
database, so that in future these viruses or their variants will not pass through the screening.
[00341] Users can nominate to security administrators new virus they see or perceive.
These suspected files should be further checked by an expert using methods including, but not
limited to, our virus identification method. Once the virus status is determined, he can append
the new virus to the existing virus database for future screening purpose. This is one way to
update the virus database.

[00342] This method of virus screening should increase the accuracy that the current
searching algorithms lacks. It can identify not only virus that are identical to the known ones
already, but can also identify modified versions of the old virus. Virus developers will have a

hard time to modify sufficiently his virus to escape our virus-screening program.

Application in job-hunting, career centers, and human resources departments

[00343] All career centers, job-hunting websites, and human resources departments can
use our search engine. Let’s use a web-based career center as an example. The web-based "XXX
Carecer Center" can license and install on their server our search engine. The career center should
have 2 separate databases, one contains all the resumes (CV_DB), and the other contains all the
job openings (Job_DB). For a candidate who gets to the site, he can use his full CV, or part of his
CV as query and search against the Job_DB to find the best matching job. For a headhunter or a
hiring manager, he can use his job description as query and search the CV_DB, and find the best
matching candidates. The modifications of this version of application to non-web based

databases, to human resources departments are obvious, and are not given in detail here.

Identification of copyright violations and plagiarism

[00344] Many publication houses, news organizations, journals, and magazines are
concerned about the originality of submitted works. How can the submission be checked to make
sure it is not something old? How to identify potential plagiarism? It is not only a matter of

product quality, it can also mean legal liability. Our search engine can be applied here casily.
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[00345] The first step is to establish a database of concerned data, that the others may
violate. The bigger this collection, the better the potential copyright violation or plagiarism will
be identified. The next step is very typical. One just need to either submit part or even the
complete submitted material and search against this database. Violators can be identified.
[00346] A more sensitive algorithm for identifying copyright violations or plagiarism is to
use the algorithm specified in Section 6. The reason being in copied material, not only the itoms
are duplicated, but also likely the order of these itoms are either completely kept, or slightly
modified. Such a hit is easier to be pick up by an algorithm that accounts for the order of

appearance in itoms.

An Indirect Internet Search Engine

[00347] We can build an indirect full-text as query, informational relevance search engine
with little cost. We call it an “Indirect Internet Search Engine”, or IISE. The basic idea is that we
are not going to host all web content locally and generate the distribution function. Instead, we

will use existing Internet keyword-based Internet servers as an intermediate.

Preparation of a local sample database and distribution function

[00348] The key toward calculating a relevance score is the distribution function. Usually
we generate this distribution function by an automated program. However, if we don’t have the
complete database available, how can we generate an “approximated” distribution function? This
type of questions has been answered many times in statistics. For simplicity, let’s assume we
know all the itoms of the database already (for example, this list of itoms can be imported
directly from word and phrase dictionaries the web data covers.) Namely, if we choose a random
sample, and if the sample is large enough, we can generate a decent approximation of the
distribution function. Of course, the bigger the sample size, the better the approximation. For
those rare itoms that we may miss out in a single sample, we can simply assign the highest score
we have for the itoms we already sampled.

[00349] In practice, we will take a sample Internet database we have collected (with about
Imillion pages) as the starting point. We will run our itom identification program on this data set
to generate a distribution function. We will add onto this set all dictionary words and phrases we
have access to. Again, for any itom with a zero frequency in the sample data set, we will assign a
high information amount to it. We will call the sample database D_s, and the frequency

distribution function F_s, or (D _s, F_s) for short.
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Step-by-step illustration of how the search engine works

[00350] Here is the outline of procedure of a search:

1. User inputs a query (keywords or full-text). We will allow user using specific markers to
identify phrases that contain multiple words, if he choose. For example, a user can put
specific phrases in quotation markers or parenthesis to indicate it is a phrase.

2. IISE parses the query according to an existing itom distribution locally setting on the
server. It will identify all existing itoms in the distribution function. The default way of
itom recognition for an unrecognized word is to take it as an individual itom. For
unrecognized words within a specific marker for phrase, the whole content within that
marker will be identified as a single itom.

3. For any itom that is not in the distribution function, we assign a default SI-score. This
score should be a relatively high one, as our local distribution function is a good
representation of common words and phrases. Anything unrecognizeable will have to be
quite rare. These newly identified itoms and their SI-scores will be incorporated into
further computation.

4. We choose a limited number of itoms (using the same rules we have been using where
the complete local distribution function exists). Namely, we will use up to 20 itoms if the
query is shorter than 200 words. For anything above that we will add the new number of
10% of the query word count. For example, if a query is 350 words, we will choose 35
itoms. The default way of choosing itoms is by their SI-score. Higher SI-score itoms take
priority. However, we will limit the number of itoms not in the local distribution to be
less than 50%.

5. Split the itoms into 4-itom groups. Here the use of 4 is artibrary. Depending on the
system performance, it can be modified (anywhere from 2 to 10). The selection can be
random, namely those with higher information amount should be mixed with those with
lower information amount. If the last group is less than 4, up it up to 4 by adding the
lowest information amount words in this list, or by dipping into the pool of unused itoms
(where the ones with the highest information amount will be chosen first).

6. For each itom group, send the query to “state of art” keyword Internet search engines. For
example, right now, for the English language queries, we should use “Yahoo”, “Google”,
“MSN”, and “Excite”. The number of how many search engine to use is arbitrary as well.

For the purpose of illustration, we will assume it is 3.
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7. Collect the responses from each search engine, for each group to form a local temporary
database. We should retrieve all the webpages from the search result, with limit from
cach website to 1,000 webpages (links). (Here 1,000 is a parameter that may change
depending on computation speed, server capacity and result site from the external search
engine).

8. We will name this retrieved database DB_q, to symbolize it is a database obtained from a
query. Now, we run our internal itom identification program to identify new itoms
contained within this database. As this is not a database of random, we will have to adjust
the information amount for each itom identified this way so it will be comparable to our
existing distribution function. Any itom in the original query, but not in the identified list
should also be added in now. We will call this distribution: F_q. Please notice, F_q
contains itoms not in our local distribution function (D, F). By merging these two
distributions we obtain (D_m, F_m). This is our updated distribution function, to be used
onward.

9. For each candidate returned, do a pair-wise comparison with the query, generate a SI-
score.

10.Rank all the hit based on the SI-score, report a list of hits with scores to the user via our
standard interface. The reporting of hits, of course, is also controlled by session

parameters settable by users. Default set of parameters should be provided by us.

Search Engine for Structured Data

[00351] The general theory of measuring informational relevance using itomic
information amount can be applied to structured data as well as unstructured. In some aspects,
application of the theory to structured data has even more benefits. This is because the structured
data is more “itomic”, in the sense that the information is more likely at itomic level, and the
relevancy of order of these itoms are less important as in the unstructured data. Structured data
can be in various forms, for example, XML, relational databases, and object-oriented databases.
For the simplicity of description, we will focus only on structured data as defined in a relational
database. The adjustment of theory developed here into measuring informational relevancy in
other structural formats are obvious.

[00352] A relational database is collection of data where data is organized and accessed
according to the relationships between data. Relationships between data items are expressed by

means of tables. Assume we have a relational database that is composed of L tables. Those tables
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are usually related to each other through relationship such as foreign keys, one-to-many, many-
to-one, many-to-many mappings, other constraints and complicated relationship defined by
stored procedures. Some tables may contain relationship only within, and not without. Within
cach table, there are usually a primary id field, followed by one or many other fields that contain
information determined by the primary id. There are different levels of normalization for
relational databases. These normal forms aim at reducing data redundancy and consistency, and

making the data easy to manage.

Distinct items within a column as itoms

[00353] For a given field within a database, we can define a distribution, as we have done
before, except the content is limited to only the content in this field (usually called a column in a
table). For example, the primary id field with N rows will have a distribution. It has N itoms,
with each primary_id an itom, and its distribution function of F=(1/N, ..., 1/N). This distribution
has the maximal information amount for a given N number of itoms. For other fields, let’s say, a
column with list of 10 items. Then, cach of these 10 items will be a distinct itom, and the
distribution function will be defined by the occurrence of the items in the row. If a field is a
foreign key, then the itom of that field will also be the foreign key themselves.
[00354] Generally speaking, if a field in a table has relatively simple entries, like numbers,
one to a few word entries, then the most natural choice is to treat all the unique items as itoms.
The distribution function associated with this column then is the frequency of occurrence of
these items.
[00355] For the purpose of illustration, let’s assume we have a table of journal abstracts.

Primary id

Title

List of authors

Journal name

Publication_date

Pages

Abstract
[00356] Here, the itoms for Primary_id will be the primary_id list. The distribution is
F=(1/N, ..., I/N) where N is total number of articles. Journal name is another field where each
unique entry is an itom. Its distribution is F=(n;/N, ..., n/N), where nj, ... ng are the number of
papers from journal i (i=1, ..., k) in the table, k is the total number of journals.
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[00357] The itoms in the pages field is the unique page numbers appeared. To generate a
complete list of unique itoms, we have to split the pages into individual ones. For example, pp5-
9, should be translated into 5, 6, 7, 8, 9. The combination of all unique page numbers within this
field forms the tiom list for this field.

[00358] For publication dates, the unique list of all months, years, and dates appeared in
the database is the list of itoms. They can be viewed in a combination, or they can be further
broken down into separate fields, i.e., year, month, and date. So, if we have N, unique years,
Nm unique months, and Ny unique dates, then the total number of unique itoms are:
N=N,;+Nn+Nqy. According to our theory, if we break the publication dates into three subfields,
the cumulative information amount from these fields will be smaller compared to have all them

in a single publication date field with mixed information about the year, month, and date.

Items decomposable into itoms

[00359] For more complex fields, such as the title of an article, or the list of authors, the
itoms may be defined differently. Of course, we can still define each entry as a distinct itom, but
this will not be much helpful. For example, if a user wants to retrieve an article by using names
of one author or the keywords within the title, we will not be able to resolve at itom level if our
itoms are the complete list of unique titles and unique author lists.

[00360] Instead here we consider defining the more basic components within the content
as itoms. In the case of author field. Each unique author, or each unique first name or last name
can be an itom. In the title field, each word or phrase can be an itom. We can simply run the
itomic identification program on the content of individual field to identify itoms and generate

their distribution function.

Distribution function of long text fields

[00361] The abstract field is usually long text. It contains information similar to the case
of unstructured data. We can dump the field text into a large single flat file, and then obtain the
itom distribution function for that field as we have done before for a given text file. The itoms

will be words, phrases, or any other longer repetitive patterns within the text.

Informational relevance search of data within a table

[00362] In informational relevance query, we don’t seek exact matches of every field a
user asks. Instead, for every potential hit, we calculate a cumulative informational relevance

score for the whole hit to a query. The total score from a query with matching in multiple fields
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18 just the summation of information amount of matching itoms in each field. We rank all the hit
according to this score and report back to the user this ranked list.
[00363] Using the same example as before, suppose a user inputs a query:

Primary_id: (empty)

Title: DNA microarray data analysis

List of authors: John Doe, Joseph Smith

Journal name: J. of Computational Genomics

Publication date: 1999

Pages: (empty)

Abstract: noise associated with expression data.

The SQL for the above query would be:

select primary _id, title, list of authors, journal name, publication_date, page list, abstract from
article table where

title like ‘%DNA microarray data analysis%’

and (author_list like "%John Doe%’) and (author_list like ="%Joseph Smith%’

and journal name="‘J. of Computational Genomics’

and publication_date like ‘%1999%’

and abstract like ‘%noise associated with expression data%’

[00364] The current keyword search engine will try to match each word/string exactly. For
example, the words “DNA microarray data analysis” in the title have all to appear in the title of
an article. Each of the authors will have to appear in the list of author. This will make defining a
query hard. Because the uncertainty associated with human memory, any specific information
among the input fields may be wrong. What the user seeks is something in the neighborhood of
the above query. If missing a few items, it is OK.

[00365] In our search engine, for each primary id, we will calculate an information
amount score for each of the matching itoms. We then summarize all the information amount for
that primary_id. Finally, we rank all those with score above zero according to the cumulative
information amount. The match in a field with more diverse information will likely contribute
more to the total score then a field with little information. As we only count for positive matches,

a mismatch does not hurt at all. In this way, a user is encouraged to put as much information as
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he knows about the subject he is asking, without the penalty of missing any hits because of his
submitting the extra information.

[00366] Of course, this will be a CPU expansive operation, as we have to perform a
computation for each entry (each unique primary_id). In implementation, we don’t have to do
this way. As itoms are indexed (reverse index), we can generate a list of candidate primary_ids
which contains at least one itom, or at least two itoms, for example. Another way of
approximation is to define screening thresholds for certain important fields (fields with large
information amount, for example, the title field, the abstract field, or the author field). Only
candidates with at least one score in the selected fields above the screening thresholds will be

further computed for the real score.

Additional tables (distribution and reverse-index) associated with primary table

[00367] In a typical relational database table, each important column where contain an
index to facilitate search. So there is an associated index table with the primary table for those
indexed fields. Here we will make some additions as well. For each column X (or at least the
important columns), we will have two associated tables, one called X.dist, and the other X.rev.
In the X.dist table, it lists the itom distribution of this field. The X.rev is the reverse index for the
itoms. The structure of these two tables is essentially the same to the case for a flat-file based

itom distribution table and reverse index table.

A single query involving multiple tables

[00368] In most occasions, a database contents many tables. A user’s query may involve
knowledge from many tables. For example, in the above example about a journal article, likely,
we may have the following tables:

Article Table Journal Table Author Table Article author

Article id (primary) Journal id (primary) Author id (primary) Article id Author id

Journal id (foreign) Journal name First name
Publication_date Journal address Last name
Title

Page list

Abstract
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[00369] When the same query is issued against this database, it will form a complex query

where multiple tables will be involved. In this case, the SQL language is:

select ar.primary _id, ar.title, au.first name, au.last name, j.name, ar.publication_date,
ar.page_list, ar.abstract from article table as ar, journal table as j, author table as au,

article author as aa

where ar.article id=aa.article id and ar.journal id=j.journal id and au.author id=aa.author id
and ar.title like ‘%DNA microarray data analysis%’

and (au.first name="John’ and au.last name="Doe’) and (au.first name="Joseph’ and

au.last name="Smith’

and j.name = ‘J. of Computational Genomics’

and ar.publication_date like ‘%1999%’

and ar.abstract like ‘%noise associated with expression data%’

[00370] Of course this is a very restrictive query, and likely will generate very few
returns. In our approach, we will generate a candidate pool, and rank this candidate pool based
on the informational relevance as defined by the cumulative information amount of overlapped
itoms.

[00371] One way to implement a search algorithm is via the formation of a virtual table.
We first join all involved tables to form a virtual table with all the fields needed in the final
report (output). We then run our indexing scheme on each of the field (itom distribution table
and reverse index table). With the itom distribution tables and the reverse indexes, the complex
query problem as defined here is reduced to the same problem we have solved for the single
table case. Of course the cost of doing so is pretty high: for every complex query, we have to
form this virtual table and perform the indexing step. The join type can be a left outer join.
However, if “enforced” constraints are applicable to some fields in secondary tables of the join,
(i.c. tables other than the table containing the primary ID), then in some embodiments an “inner
join” can be applied to those Tables where the enforced fields occur, which may result in saving
some computation time.

[00372] There are other methods to perform the informational relevance search for
complex queries. One can form a distribution function and a reverse index for each important
table field in the database. When a query is issued, the candidate pool was generated using some
minimal threshold requirements on these important fields. Then the computation of exact score

for the candidates can be calculated using the distribution table associated with each field.
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Search Engine for Unstructured Data

Environment of unstructured data

[00373] There are many unstructured data computer systems in a company, an institution,
or even within a family. Usually unstructured data sets on desktop hard disks, or on specific file
servers that contains various directories of data, including user home directories, and specific
document folders. The file format can be very diverse.

[00374] For simplicity, we will assume a typical company with a collection of N desktop
computers. Those computers are linked via a local area network. The files on the hard disks of
cach individual computer are accessible within the LAN. We further assume that the desktop
computer contains various file formats. The ones are to our interest are those with significant text
contents. For example, in the formats of the Microsoft word, power pointer, Excel spread sheet,
PDF, GIF, TIG, postscript, HTML, XML.

[00375] Now we assume there is a server that is connected to the LAN as well. This server
runs a programmer for unstructured data access, termed SEFUD (search engine for unstructured
data). The server has access power to all the computers (to be called clients) and to certain
directories that contain user files (the access to client files does not have to be complete, as some
files on user computers may be deemed private, and inaccessible to the server. These files will
not be searchable). When SEFUD is running, for any query (keywords, full-text), it will search
cach computer within the LAN, and generate a combined hit file. There are different ways to

achieve this objective.

Itom indexing on clients

[00376] On each client we have a program called “file converter”. The file converter
converts each file in various formats into a single text file. Some file formats may be skipped, for
example binary executables and zipped files. The file converter may also truncate a file if the file
is extremely large. The maximum file size is a parameter a user can define. Anything in the
original file that is longer than the maximum file size will be truncated after the conversion.
[00377] The converted text file may be in the standard XML file, or in a FASTA file, as
will be used here as an example. Our FASTA format is defined as:

>primary_file id meta data: name value pairs

Text ....
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[00378] The meta_data should at least contain the following information for the file: the
computer name, the document absolute path, access mode, owner, last date of modification, and
file format. The text field will contain the converted text from the original document (may be
with truncation).

[00379] The concatenated FASTA files from the whole computer will form a large file. At
this stage, we run our itom indexing algorithm on the data set. It will generate two files that are
associated with the FASTA file: the itom distribution list file and the reverse index itom lookup
file. If the itoms are assigned an ID, than we should have one more file: the mapping between
itom ID and its real text content.

[00380] This itom indexing program can be run at night when nobody is using the
computer. It will take a longer time to generate the first itom idex files; but the future ones will
be generated incrementally. Thus the time spent on these incremental updates on daily basis will

not be that costly computer resource wise.

Search engine for the distributed files

[00381] There are two different ways to perform the search. One is to perform it locally on
the server, and the other is to let each individual computer running its own search and then to

combine the search results on the server.

Method 1. Thick server, thin client

[00382] In this approach, the server performs most of the computation. The resources
requirement from the client is small. We will first merge the itom distribution files into a single
itom distribution file. As each individual distribution file contains the list of its own itoms and its
frequency, and the itomic size of the file, then the generation of a merged distribution function is
quite simple (see previous patent applications). The generating of the combined reverse index
file is as well direct. As the reverse index is sorted file of itom occurance, one just need to add a
computer_id in front of the primary file id for each file listing within the reverse index.

[00383] Of course, one can simply concatenate all the original FASTA files, and generate
the itomic distribution files from there. The benefit of this approach is that the itoms
automatically generated will likely be more accurate and extensive. But this approach is more
time-costly, and lost the flavor of distributed computing.

[00384] Here is the outline of server computation for a typical search:
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1. Before a query is present, the server will have to collect all the itomic distribution files
and itomic reverse index file from each client. It then generates a itom distribution file
and reverse index file appropriate for all the data from the clients.

2. When a query is presented to the server, it is first decomposed into itoms based on the
itom distribution file.

3. With the query itoms known, one can generate a candidate pool of hit documents by
using the reverse index file.

4. Then the server will retrieve the text file of candidate hits from the localized FASTA
files in each client.

5. Run 1-1 comparison program for each candidate vs. the query. Generate a SI-score for
cach candidate hit.

6. Rank the hits based on their SI-scores.

7. A user interface with the top hits and their meta-data, sorted by the scores, will be
presented to the user. There are multiple links available here. For example, the left link
associated with the primary file id may bring up an alignment between the query; the
hit, and the middle link with meta-data about the file also contains a links to the
original files; and the link from the SI-score may list all the hit itoms and their

information amounts as usual.

Method 2. Think client, thin server

[00385] In this method, the computation requirement on the server is much limited, and
the computation of query search is mostly carried out on the client. We will first not merge the
itom distribution files into a single itom distribution file. Instead, the same query is distributed
into each client, and the client will perform a search on its local flat-file database. It will then
report all the hits back to the server. The server, after receiving hits-report from each individual
client, will perform another round of Sl-score calculation. It generates the final report after this
calculation step, and reports the result to the user.

[00386] The key difference here from Method 1 is that the score the server received from
clients are local scores only appropriate for the local data setting on that individual client. How
can we transform into the global score that applicable to the aggregated data for all clients? Here
we need one more piece of information: the total amount itomic number at each individual client.
The server will collect all itoms reported by each client, and based on the information amount for
cach itom from all the clients and the total itomic number for each client, the server will adjust

the score for each itom. After that, the score for each from each client will be adjusted based on
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the new itomic information appropriate for the cumulative data for all clients. Only at this stage,
the comparison of hits from distinct clients at the SI-score become meaningful, and the re-
ranking of hits based on the adjusted scores are applicable to the combined data set from all
clients.

[00387] Here is the outline of server computation for this distributed search approach:

1. When a query is presented to the server, it is sent directly to each client without of
parsing into itoms.

2. Each client performs the search using the same query against its own unique dataset.

3. Each client sends back the hit files for the top hits.

4. Server generates a collection of unique itoms from the hit lists. It retrieves the
frequency information for these itoms from the distribution table in the clients. It
calculate a new information amount for each unique itom tha appeared in the reported
hits.

5. Server re-adjusts the hit score from each client by first adjusting the itomic information
amount for each unique itom.

6. Rank the hits based on their SI-scores.

7. A user interface with the top hits and their meta-data, sorted by the scores, will be
presented to the user. There are multiple links available here. For example, the left link
associated with the primary file id may bring up an alignment between the query; the
hit, and the middle link with meta-data about the file also contains a links to the
original files; and the link from the SI-score may list all the hit itoms and their

information amounts as usual.

Search Engine for Textual Data with Sequential Order

Introduction to search of ordered strings

[00388] This is something substantially new. So far, we assumed the order of itoms does
not matter at all. We only care whether they are present or not. In some occasions, one may be
not satisfied with this kind of matches. One may want to identify hit with exact or similar order
of itoms. This is a much more restrictive search.

[00389] In certain occasions not only the involved itoms are important for a search, but
also the exact order of appearance. For example, in safeguarding against plagiarism, an editor

might be interested in finding not only historical articles that are related to this file by content,
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but also if there is any segment of the paper that has significant similarity to existing documents:
the exact order of words for a certain length segment of the article. In another occasion, suppose
a computer company is worried about the copyright violation of its software programs. Is it
possible a certain module is duplicated in an competitor/imitator’s code? We all have experience
in hearing similar tones of music, but are from different songs. Is the similarity by random, or the
composer of that music stole some good lines of music from an old piece?

[00390] In all this occasions, the question is obvious. Can we design a program that will
identify the similarity between different data? Can we associate statistical significance to the
similarities we identified? The first problem can be solved by a dynamic programming
algorithm. The second problem has been solved in sequence search algorithms concerning
genetic data.

[00391] This searching algorithm would be very similar to protein sequence analysis,
except where in sequence analysis they are amino-acids, now we have itoms instead. In protein
search each match is assigned a certain positive score, in our search each match of an itom is
assigned a positive score (its Shannon information). We may as well define gap initiation and
gap extension penalties. After all this work, we can run dynamic programming to identify HSPs
in the database where not only the content is matching at itomic level, but also the order is
preserved.

[00392] Once the similarity matrix between itoms are given (see section V), and the
Shannon information amount for each itom is given, the dynamic programming algorithm to
find the HSPs is a direct application of known dynamic programming routine. Many trained
programmers know how to implement such an algorithm. It is not detailed here.

[00393] Our contribution to plagiarism lays in the introduction of itoms and their
information amount. Intuitively, a matching on a bug in the code, or a mistyped word is a very
good indicator of a plagiarized work. This is an intuitive application of our theory: the typo or
the bug are rare in the collection of software, thus they have very high information content. A
match of 3 common words in an article might not indicate a plagiarization, but a match of 3 rare
words, or 3 misspelled words in an article in the same order would strongly indicate
plagiarization. One can see the importance of incorporating itom frequency into the computation

of statistical significance here.

Dynamic programming, Levenshtein distance, and sequence alignment

[00394] Dynamic programming was the brainchild of an American Mathematician,

Richard Bellman (1957). It describes the way of finding best solution to a problem where
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multiple solutions exists, and of course, what is “best” or not is defined by an objective function.
The essence of dynamic programming is the Principle of Optimality. This principle basically is
intuitive:

An optimal solution has the property that whatever the initial state and the initial solutions are,
the remaining solutions must constitute an optimal solution with regard to the state resulting

from the first solution.

Or put in plain words:
If you don't do the best with what you have happened to have got, vou will never do the best with
what vou should have had.

[00395] In 1966, Levenshtein formalized the notion of edit distance. Levenshtein distance
(LD) is a measure of the similarity between two strings, which we will refer to as the source
string (s) and the target string (t). The distance is the number of deletions, insertions, or
substitutions required to transform s into t. The greater the Levenshtein distance, the more
different the strings are. The Levenshtein distance algorithm has been used in: spell checking,
speech recognition, DNA and protein sequence similarity analysis, and plagiarism detection.
[00396] Needleman-Wunsch (1970) were the first to apply edit distance and dynamic
programming for aligning biological sequences. The widely-used Smith-Waterman (1981)
algorithm is quite similar, but solves a slightly different problem (local sequence alignment

instead of global sequence alignment).

Statistical report in a database searching setting

[00397] We will modify the Levenshtein distance as a measure of the distance between
two strings, which we will refer to as the source string (s) and the target string (t). The distance is
the information amount of mismatched itoms, plus penalties for deletions, insertions, or
substitutions required to transform s into t. For example, suppose each upper case is an itom.
Then,

+ Ifsis "TABCD" and t is "AXCD", then D(s,t) = IA(B) + IA(X), because one substitution

(change "B" to "X") is sufficient to transform s into t.

[00398] The question posed is, how can we align two strings with minimal penalty? There
are other penalties in addition to mismatches. These are penalty for deletion (IA(del), and

insertion (IA(ins)). Let’s assume [A(del)=IA(ins)=IA(indel). Of course a match has penalty = 0.
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Example: s,="ABCD”, s,="AXBC”.

ABCD A BCD
> || = D(s1, $2) = 2*TA(indel)HA(X)HA(D).
AXBC AXBC._

[00399] We observe that in an optimal match, if we look at the last matched position, there

are only 3 possibilities: match or mismatch; one insert in the upper string; one insert in the lower

string.
[00400] Generally speaking, we have the following optimization problem. Let X=(x,, X,
...y Xm) and Y=(y1, y2, ..., yn) be sequences of itoms. Let My, , denote the optimization criteria

of aligning X and Y at (m,n) position, then Mm,n is a matrix of distances. It can be calculated
according to:

Mpn =min M1, n1 + d(Xm, ¥n)» Mma1tlA(indel), My, 1, + [A(indel))
where d(Xm, yn) = { -IA(Xm) - [A(yn) for X, not equal yy;  [TA(Xm) if Xi=yn }.

[00401] As border conditions we have: Mo =0 and all other values outside (i.e. matrix-
elements with negative indices) are infinity. Matrix M can be computed row by row (top to
bottom) or column by column (left to right). It is clear that computing My, , requires O(m™*n)
work. If we are interested in the optimal value alone, we only need to keep one column (or one
row) as we do the computation.

[00402] The optimal alignment is recovered from backtracking from the Mm,n-position.
Ambiguities are not important, they just mean that there is more than one possible alignment
with optimal cost.

[00403] In the summary statistics, we will have a numerical number between a query and
each hit entry. The optimized, M(q, h) between query and hit, denotes how good the two
sequences align in this itomic distance space. The hit with the highest score should be the top hit.
It is computed by adding the total information amount of matched itoms, minus the penalties for
the indels and those that does not match.

[00404] Then concept of similar itoms can also be introduced to the ordered itom-
alignment problem. When two similar itoms are aligned, it would result a positive score instead
of negative. As the theory is very similar to the case of sequence alignment with a similarity

matrix, we are not going to provide details here.
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Search by Example

[00405] Search by example is a simple concept. It means if I have one entry of a certain
type, I want to find out all other ones that are similar to this one in our data collection. Search by
examples has many applications. For example, for a given published paper, one can search
scientific literatures, to see if there are any other ones that are similar to this one. If there is, what
is the similarity extent? Of course, one can also find similar profiles of medical records, similar
profiles of criminal records, etc.

[00406] Search by example is a direct application of our search engine. One just need to
enter the specific case, and search the database that contain all other cases. The application of
this search by example is really defined by the underlying database provided. Sometimes, there
are might be some mismatch between the example we know and the database underlying. For
example, we can have an example of a CV, and the database can be a collection of available
jobs. In another example, the example may be a man’s preference in looking for a mate, and the

database underlying can be a collection of preference/hobby database given by candidate ladies.

Applications Bevond Textual Database

[00407] The theory of itomic measure is not limited to textual information. It can be
applied to many other fields. The key here is to identify a collection of itoms for that data format,
and define a distribution function for the itoms. Once this is done, all other theory we developed
so far will naturally apply, including clustering, search, and database searches. Potentially, the
theory can be applied to search graphical data (pictures, X-rays, finger prints, etc.), to musical
data, and even to analysis alien messages if someday we do receive messages from them. For

cach field of these applications, it needs to be an independent research project.

Searching encrypted messages

[00408] As our search engine is language independent, it can also be used to search for
encrypted messages. Here the hardest part is to identify itoms, as we don’t have clearly defined
field separators (such as spaces, and punctuations). If we can identify the field separators
externally (using some algorithms not related to this search engine), then the rest is pretty
rountine. We start to collect statistical data for all the unique “words” (those separated by field

separators), and the composite “itoms” based on their appearing frequencies.
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[00409] Once itoms are identified, the search is the same as searching other databases, so

long the query and the database are encrypted the same way.

Search of musical contents

[00410] Recorded music can be converted in a format of 1-dimensional strings. If this is
achieved, then we can build a music database, similar to the building of a text database. Tones
for distinct organs can be written in separate paragraphs, so that one paragraph will only contain
music notes for one specific organ. This is to make sure the information is recorded in one-
dimensional format. As order is the essence in music, we will employ only the algorithm
specified in an above section.

[00411] In the simplest implementation, we will assume each note is an itom, and there is
no composite itoms involving more than one note. Further we can use the identity matrix to
compare the itoms. Similar or identical musical notes will be able to be identified using dynamic
programming algorithm.

[00412] In more advanced implementation, the database can be pre-processed like text
database, where not only each individual note is treated as an itom, but also some common
ordered note patterns with sufficient appearance frequency can be identified as composite itoms.
Also we can use the Shannon information associated with each itom to measure the overall
similarity. One particular concern in music search is a shift in the tone of a music, i.e., the two
music pieces may be very similar, but because they have a different tone, there is no appearance
in the first glance. This problem can be fixed in various ways. One easy way is for each query,
generating a few alternates, where the alternates are the same music piece except a different tone.
When performing search, not only the original piece, but also all the alternates are searched

against the database collection.

APPENDICES

0. Differences in comparison with Vector-Space Model

[00413] Here are some techniques we used to overcome the problems associated with

classical vector space model (VSM).

[00414] 1. From semi-structured data to unstructured data. There is a key concept in
called document. In indexing, it applies weight to terms based on their document
appearances. In search, it assigns whether the entire document is relevant or not.
There is no granule that is smaller than a document. Thus, VSM is intrinsically

designed not for unstructured data, but rather for well-controlled homogenous
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data collection. For example, if your corpus is unstructured, a document may be a

simple title with no content, while another can be a book of 1,000+ pages. VSM

will much likely identify the book as a relevant document to a query, than the

simple title document.

a.

2.

Vector-space model uses a concept called TF-IDF weighting, thus
allowing each term to be differentially weighted in computing a similarity
score. TF stands for term frequency, and IDF is inverted document
frequency. This weighting scheme ties the weighting to an entity called
document. Thus, to use this weighting efficiently, document collection has
to be homogenous. To go beyond this limitation, we used a concept called
global distribution function. This is the Shannon information part. It only
depends on the overall probabilistic distribution of terms within the
corpus. It does not involve document at all. Thus, our weighting scheme is
completely structure-free.

In search, we use a concept called relevant segment. A document can thus
been split into multiple segments, depending on the query and the
relevancy of the segments to the query. The boundaries of segments are
dynamic. They are determined at run-time, depending on the query. The
computation of identifying relevant segments does not depend on the
concept of document either. We use two concepts to fix the problem, one
called paging, and the other called gap-penalty. In indexing, for very long
documents, we do it one-page at a time, allowing some overlap between
the pages. In search, neighboring pages can be merged together if they are
deemed as both relevant to the query. By applying a gap-penalty of un-
matching itoms, we define the boundary of segments to be these parts in a
document that are related to the query.

Increase informational relevance instead of word matching. VSM is a

word-matching algorithm. It views a document as a “bag of words”, where there

is no relationship among the individual words. Word-matching has apparent

problems: 1) it cannot capture concepts that are defined by multiple words; 2) it

cannot identify related documents if they match in the conceptual domain, but

with no matching words.

a.

We use a concept called itom. Itoms are the informational atoms that made

up of documents. An itom can be a single word, but it can be a much more
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complex concept as well. Actually, we don’t have any limit on how long
an itom is. In a crude sense, a document can be viewed as a “bag of
itoms”. By going beyond simple words, we can measure informational
relevance much more precisely in the itom-domain, not just the word
domain. In this way, we can improve significantly on precision.

b. Actually, we don’t just view a document as “bags of itoms”, but rather the
order of matching itoms matters to a certain extent as well: they have to
cluster together within the realm of the query. Thus, by using the concept
of itoms, we avoid the trap of “bad of words” problem, because we allow
the word order to matter in complex itoms. In the mean time, we avoid the
problem of being too frigid: itoms can be shuffled within the realm of a
query, or a matching segment without affecting the hit-score. In this
sense, the concept of itom is just the perfect size for search: it allows the
word orders to matter only in these occasions where they do matter.

c. VSM fails to identify distantly related documents, where there is matching
concepts, but no matching words. We overcome this barrier by applying a
concept called similarity matrix. To us, itoms are informational units,
there are relations among them. For example, UCLA as an itom is similar
(actually identical to) another itom: University of California, Los Angeles.
A similarity matrixfor a corpus is computed automatically during the
indexing step; and can be provided by user if there is external information
deemed useful for the corpus. By providing this relationship among
itoms, we really enter into the conceptual searching domain.

[00416] 3. Resolving the issue of computational speed. Even with its many
shortcomings, VSM is a pretty decent search method. Yet its usage in the market
place has been very limited since its invention. This is due to the intensive
computational capacity required. In the limited cases where VSM is implemented,
the searches are performed off-line, rather than “on the fly”. Since a service
provider has no way to know the exact query a user may have ahead of time, this
off-line capacity is of limited use, for example, in the “related-document” links
for given documents. We are able to overcome this barrier because:

a. The advance in computer science has made possible many computational

task previously deemed impossible. It is appropriate time now to re-visit
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those computational expansive algorithms and see if they can be bring to
the user community.

Genomic data are larger than the biggest collection of human textual
contents. To search genomics data efficiently, bioinformatics scientists
have designed many efficient pragmatic methods for computation speed.
We have systematically applied these techniques for speed improvement.
The result is a highly powerful search method that can handle very
complex queries “on the fly”.

Efficient using of multiple layers of filtering mechanisms. Given the huge
number of documents, how can we quickly zoom into the most relevant
portions of the data collection? We have designed elaborated filtering
mechanisms that screen out large quantity of irrelevant documents in
multiple steps. We only focus the precious computation time on these
segments that are likely to produce high informational relevance score.
Employing massively distributed in-memory computing. Our search
method is designed in such a way that it can be completely parallelized.
Large data collection is split into small portions, and stored locally on
distributed servers. Computer memory chips are cheap enough now so that
we can load the entire indexes for the smaller portion into system memory.
In the mean time, we compute relevancy measure at a global scale, so that
all the high-scoring segments from various servers can be just sorted to

generate an overall hit list.

[00417] The licensed file converter (Stellent package) converts different file formats

(docs, PDFs, etc.) into XML format. We have a wrapper that craws file directories or URLs,

generates a file list, and then for each file within the list, it calls the Stellent package to convert

the file into an XML file. If the input file is an XML already, then the Stellent package is not

called. Our indexing engine only works on FASTA-format plain-text databases. Following the

file conversion step, we need a tool to convert the XML-format plain-text files into a FASTA

format plain-text database.

97



WO 2007/149623 PCT/US2007/067439

[00418] This step, XML to FASTA, is the first step of our search engine core. It works

between a licensed file converter and our indexer.

1.2. Conversion standards

[00419] The XML-format plain-text database should contain homogenous data entries.
Each entry should be marked by <ENTRY></ENTRY> (where ENTRY is any named tag
specified by the user); and the primary ID marked by <PID></PID> (where PID is any name
specified by the user). Each entry should have only ONE <PID></PID> field. Primary IDs
should be unique within the database.

[00420] Here are the rules for conversion:

1) The XML and FASTA databases are composed of homogenous entries.

2) Each entry is composed of, or can be converted to, 3 fields: a single primary ID
field, a metadata field constituted by a multitude of metadata, specified by Name
and Values pairs, and a single content field.

3) Each entry should have one and ONLY one primary ID field. If there are multiple
primary ID fields within an entry. Only the first one is used. All others are
ignored.

4) Only the first-level child tags under <ENTRY> will be used to populate the
metadata and content fields.

5) All other nested tags will be IGNORED. (Precisely, the <tag> is ignored. The
</tag> is replaced with a *“.”)

6) Multiple values of tagged fields for metadata and content, excluding primary ID
field, will be concatenated into a single field. A ““.” is automatically inserted

between each value IF THERE IS NO ENDING PERIOD “.".

[00421] To illustrate the above rules, we give an XML entry example below. “//”’

symbolize inserted comments.

<ENTRY> //beging the entry
<PID> Proposal XXX </PID> //one and only, primary ID
<ADDRESS > //level-1 child. Meta-data.
<STR> XXX </STR> //level-2 child. Tag ignored

<CITY> YYY </CITY>
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<STATE> ZZZ </STATE>

<ZIP>99999<ZIP>
</ADDRESS >
<AUTHOR> Tom Tang </AUTHOR> //metadata field
<AUTHOR> Chad Chen </AUTHOR> //another value for the metadata

<TITLE> XML to FASTA conversion document </TITLE> //another metadata
<ABSTRACT > //content
This document talks about how to transform an XML-formatted entry into
FASTA-formatted entry in plain-text file databases.
</ABSTRACT>
<CONTENT > //another content

Why I need to write a document on it? Because it is important.

</CONTENT>
</ENTRY >
[00422] During the conversion, we will inform the conversion tool that <PID> indicates

the primary ID field; the <ADDRESS>, <AUTHOR>, <TITLE> are metadata fields; and
<ABSTRACT> and <CONTENT> are¢ content ficlds.
[00423] After conversion, it will be:

>Proposal XXX \tab [ADDRESS: XXX. YYY. ZZZ. 99999] [AUTHOR: Tom
Tang. Chad Chen] [TITLE: XML to FASTA conversion

document] \newline

This document talks about how to transform an XML-formatted
entry into FASTA-formatted entry in plain-text file databases.

Why I need to write a document on it? Because it is important.

[00424] Here, all the <CITY> <STR> <STATE> <ZIP> tags are ignored. 2 author fields
are merged into one. The <ABSTRACT> and <CONTENT> fields are merged into a single
content field in FASTA.

1.3. Command-line interface: iv XML2FASTA
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[00425] We assume that the “File converter interface” has completed. It generates a single
plain-text XML-formatted database, XML _db, and it is successfully indexed by iv_txt dbi. (If
iv_txt_dbi cannot index your XML-format file, I suggest you first fix the problems before
running the conversion program.)

[00426] iv. XML2FASTA will take XML _db, and generate a single FASTA-format text
file, called: XML _db.fasta. The necessary fields are: entry=<ENTRY> and id=<PID> fields. The
optional fields are metadata fields, and content fields. If no metadata fields are specified, no
metadata will be generated. All contents within the entry, other than the primary 1D, will be
converted into the “content” fields. However, if you specify metadata fields or content fields by
XML tags, then ONLY the information within the specified tags will be converted

correspondingly. Here is the command line interface:

iv_xml2fasta XML db <entry=***> <id=***> [meta=**%*]

[content=***]

Entry: XML entry tag

ID: XML primary ID tag

meta: meta data fields in FASTA
content: content fields in FASTA

where <> signals necessary fields, and [ ] signals optional fields.

[00427] To achieve the exact conversion as specified above, we should run:

iv_xml2fasta XML db entry=<ENTRY> id=<PID> meta=<ADDRESS>
meta=<AUTHOR> meta=<TITLE> content=<ABSTRACT>

content=<CONTENT >

[00428] On the other hand, if we run:

iv_xml2fasta XML db entry=<ENTRY> i1d=<PID> meta=<TITLE>
content=<ABSTRACT> content=<CONTENT>
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then, <AUTHOR> and <ADDRESS> fields will be ignored in metadata; and <CONTENT> will

be ignored in content. The output will be:

>Proposal XXX \tab [TITLE: XML to FASTA conversion document]\newline
This document talks about how to transform an XML-formatted entry into FASTA-formatted

entry in plain-text file databases.

[00429] If we do:

iv_xml2fasta XML db entry=<ENTRY> 1d=<PID>

then, we will get:

>Proposal XXX \newline

XXX, YYY. ZZZ. 99999. Tom Tang. Chad Chen.XML to FASTA
conversion. This document talks about how to transform an XML-
formatted entry into FASTA-formatted entry in plain-text file
databages. Why I need to write a document on it? Because it is

important. ...

[00430] Now there is no meta data at all, and all the information in various ficlds are
converted into the content field.
[00431] If a specified metadata field has no tag in some entries, it is OK. The tag name is

still retained. For example, if we run:
iv_xml2fasta XML db entry=<ENTRY> id=<PID> meta=<ADDRESS>

meta=<AUTHOR> meta=<TITLE> meta=<DATE> content=<ABSTRACT>
content=<CONTENT>

then, we will get:
>Proposal XXX \tab [ADDRESS: XXX. YYY. ZZZ. 99999] [AUTHOR: Tom

Tang. Chad Chen] [TITLE: XML to FASTA conversion document]
[DATE: ] \newline
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This document talks about how to transform an XML-formatted
entry into FASTA-formatted entry in plain-text file databases.

Why I need to write a document on it? Because it is important.

[00432] The [Date:] field of metadata is empty.

[00433] This tool requires that the XML data to be quite homogenous: all the entries have
to have the same tags to mark the beginning and ending, same tags for the primary ID fields. The
requirement for the metadata fields and content fields are relaxed a little bit. It is OK to miss a
few metadata fields or content fields. But it is best that the metadata fields and the content fields

in all the entries are homogenous.

1.4. Management interface

[00434] In the manager interface, when the “XML to FASTA” button is clicked, a table is

presented to the manager:

XML Tags | Action | FASTA Fields
PID | To Primary ID -> |

| |
ADDRESS | |
AUTHOR | To Meta Data-> |
TITLE | |
ABSTRACT | To Content |
CONTENT | |

[convert] [stop] [resume]

[Progress bar here, showing % completed]

[00435] The XML tag fields are taken from a random sample of ~100 entries taken from
the XML database. The listed tags are taken from a “common denominator”: the UNION of all

the first-level child tags in these samples. Only those fields that are unique within the sample
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can be selected as primary ID. The selection process has to go in Sequential: first the primary 1D,
then the metadata fields, and finally the content fields.

[00436] A user first highlights one field in the left column. When an “Action” is selected,
the corresponding field on the left column that is highlighted is added to the right column in the
corresponding category (Primary ID, Metadata, and Content).

[00437] Those fields in the left column that is not selected will be ignored. The content
within those tags will not appear in the FASTA file.

[00438] When the [covert] button is clicked, the conversion starts. [convert] button should
only be clicked after you have finished all your selections. When [stop] is clicked, you can stop
the converting, and either [resume] later, or start [convert] again (therefore killing the previous
process). A “progress bar” on the bottom shows what percentage of the files is finished.

[00439] This program should be relatively fast. No multithreading is planned at this

moment. Implementing multithreading can be done relatively easily as well if needed.

1.5. Incremental updating

[00440] Here we are concerned with incremental updates. The approach is to keep the old
files (a single FASTA file, called DB.fasta.ver) untouched, and to generate two new accessory
files, DB.incr.fasta.ver, and DB.inc.del.ids.ver that contain the altered information for the

files/directories to be indexed. A third file, DB.version, is used to track the update versions.

Steps:

[00441] 1) From DB fasta.ver, generate a single, temporary list file, DB.fasta.ids. This file

contains all the primary IDs and their time stamps.

[00442] 2) Traverse the same directories as the last time, and get all the file listings and
their time stamp. (Notice, the user may added new directories, and removed some directories in

this step).

[00443] 3) Compare these file listings with the old one, generate 3 new listings:
(1) deleted files. (including those from the deleted directories).
(2) updated files.

(3) added new files. (including those from the newly added directories).
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[00444] 3) For (2) & (3), run the converting program, one file at a time, generate a single
FASTA file. We will call it: DB.incr.fasta.ver.

[00445] 4) The output files:
[00446] 1: DB.incr.fasta.ver: A list file of all the ADDED and UPDATED files.
[00447] 2: DB.incr.del.ids.ver: A combination of (1) & (2). We will call it:

DB.incr.del.ids.ver.

[00448] 5) Generate a DB.version file. Inside this file, you record the version information:
Version_number Type Date

1.0 Complete mm-dd-yyyy

1.1 Incremental mm-dd-yyyy

1.2 Incremental mm-dd-yyyy

2.0 Complete mm-dd-yyyy
[00449] One additional step, if the incremental updating program was run before, and the

incremental data has already populated the index files, then, run (this would be the very first

step, even before step 1)):

0) Using the plain-text DB tools developed to first merge the 3 files (DB.fasta.ver,

DB.incr.fasta, and DB.incr.del.ids) into a single file, and rename that file DB.fasta.ver+1.

[00450] In the mean time, insert into DB.version:

ver+1.0 Complete mm-dd-yyyy
where “ver+1” is a sequential number. It is derived from the earlier info in the DB.version file.
[00451] Here is how we do that: (1) Remove the deleted entries from DB.fasta; (2) Rnsert
the new entries in DB.incr.del.ids.ver into DB.fasta.ver; (3) Delete all the incremental files.
[00452] The use of a version file allows the decoupling of Incremental updates from the
Converter and the incremental updates from the Indexer. The converter can run multiple updates
(thus generating multiple incremental entries within the DB.version file) without running the

Indexing programs.
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[00453] If the Indexing program for a particular Incremental version is completed, then

the updating of DB.fasta into a comprehensive DB is MANDATORY. Step 0) should be run.

I1. Indexing

2.1 Introduction

[00454] Indexing step is an integral part of a search engine. It takes input from the file
conversion step, which is a FASTA-formatted plain-text file that contains many text entries. It
generates various index files to be used by the search engine in search steps. Since the data
amount a search engine handles can be huge, the indexing algorithm needs to be highly efficient.
[00455] Requirements:

+  ID mapping of docs.

*  Identification of itoms (words and phrases).

* Inverted index file of those itoms.

+ Intermediate statistics data to be used for future updating purpose.

*  High performance.

2.2 Indexing steps diacram

[00456] Figure 20A. Outline of major steps in our indexer. It includes the following steps:
stemming via Porter stemmer, word-counting, generating a forward index file, phrase (composite

itom) identification step, and the generating of inverted index (reverse index) file.

2.3 Engineering design

New Class 1: IVStem: stemming the FASTA file via Porter stemmer
[00457] For each entry in the FASTA file, do:
1)Assign a bid (binary ID), replace the pid (primary ID) to the bid;
2)lentify each word, stem it using Porter Stemmer;
3)Remove all punctuation, write sentence tokens to the right position;
4)Write the result to the stem file.
[00458] The new class uses the tool flex 2.5 to identify the word, the sentence and the
other contents.
[00459] Assume our FASTA text database has the name of DB.fsata, the stemmer

generates the following files:
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1. DB.stem file

It records all entries that all word has been stemmed, and converted to
small case. It replaces all pid to bid. It removes all sentence separator, and
replace it by other tokens. Every entry takes 2 lines: one line contains only
the bid, and the other line contains the meta data and the content.

2. DB.pid2bid file

It is a map from pid to bid.

3. DB.off file

It is the offset of every entry’s start, and the length in bytes to the end of
the entry.

New Class 2: IVWord: generating word frequency and assigning word IDs
[00460] The IVWord class uses the DB.stem file as input file, statistic all words’
frequency, sort them by the frequency in descend rule, assign each word a word id, so that the
common will get a very lower word id. It generates the following files:
4. DB.itm
This is the word statistics of the stem file. It contains the frequency of all
the words within DB after stemming. It sorts the words by their frequency
and assign a unique ID to each word, with the most frequent word has the
smallest ID (1). Each line records a word, its frequency, and its id. The
first line is intentional left blank.
5. DB.itm.sta
It records the first word offset, all word count, the frequency summation
of all word.
6. DB.maxSent
For every entry, this file records the word count of its longest sentence. It
will be used in the phrase identification step.
7. DB.sents
It records frequency distribution of sentence length. For example, a line in
the file with “10 1000’ means that there are 1000 sentence has 10 words;

“20 1024 means that there are 1024 sentence having 20 words.

New Class 3: IVFwd: generating the forward index file
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[00461] There is a step to convert the stem file to binary forward index file. The forward
index file is directly derived from the DB.stm file, and the DB.itm file. In the conversion step,
cach word in the DB.stm file is replaced by its word ID given in the DB.itm file. This binary
forward file is only an intermediate output. It is not required in the search step, but rather it is
used to speed up the phrase identification step.
[00462] It will generate 2 files:

8. DB.fwd

Each word in DB.stm is replaced by the word ID, sentence separator

replaced by 0. There is no separator for each entry in this file. The entry

beginning position is recorded in the DB.fwd.off file.

9. DB.fwd.off

For the bid of every entry, its offset and its length in bytes in the DB.fwd

file is recorded here.

New Class 4: GetPhrase: identifying phrases through statistical means
[00463] This class handles the automated composite itom (e.g. phrase) identification.
Phrase identification can be done in many different ways, using distinct association discovery
methods. Here we just implemented one scenario. We will call a candidate itom a “citom”,
which is simply a continuous string composed of more than one words. A citom becomes an
itom if it meets our selection criteria.
[00464] From the DB.fwd file, we compute the frequency of each citom, and then check if
it meets the selection criteria. Here are the selection criteria:

1. Tts frequency is no less than 5.

2. It appears in more than one entry.

3. It passes the chi-square test (see later section for detailed explanation).

4. The beginning or ending word within the phrase cannot be a common

word (defined by a small dictionary).

[00465] The itom identification step is a “for” loop. It starts with citoms of 2 words. It
generates the 2-word itom list. From the 2-word itom list, we will compose the 3-word citoms,
and exam cach of the citiom using the above rules. Then we continue with 4-word itom
identification, 5-word, ..., until there is no itom identified at all. The itom identification loop
ends there.

[00466] For a fixed n-word itom identification step, it can be divided into 3 sub-steps :
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Figure 20B: Sub steps in identifying an n-word itom. 1) Generating candidate itoms. Given an
itom for n-1 words, any n-word string containing that itom is an citiom. The new word can be
added cither to the left or the right of the given itom. 2) Filter the citom using the rules (1-3). All
citoms failing the rules are dropped. 3) Output the citom that passed 2). Check rule (4). All
citoms that pass rule (4) are new n-word itoms, and are written into DB.itm file. The “for” loop

will end if no citom or no new itoms is found.

[00467] This step will alter the following files:

L. DB.itm

Newly identified composite itoms are appended to the end of this file.

2. DB.itm.sta

For cach identified itom, insert a line in this file. The line contains info on
the offset of the itom, and its frequency count. A summary line for the
entire file is also updated, with information on the size of this file, the total

itom count, and the total cumulative itom count.

[00468] This step will generate the following files:

1. DB.citmn, where n is a numeric (1, 2, 3, ...)

Each citom, which does not meet the requirements of an itom, in the
update process, may become an itom. We record those citoms in the
DB.citmn file. The files contain those citoms that are: 1) frequency of 3 or
above; 2) appeared in more than on entries; 3) either failed the chi-square

test, or that it has a common word in the beginning or ending.

2. DB.phrn, where n is a numeric (1, 2, 3, ...)
Each length phrase will write in the files. (???) In the reverse index file,

can load the phrase by these files.

3. Cwds file

Convert common word dictionary to the binary word id files, sorted by id;

[00469] Improved:
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e Use a maxSent struct to store every entry’s max sent length, if the current phrase
length if big than the entry’s max sentence length, skip it; if not find any citom in
the entry, change the value to 0, so the next time this entry will be skipped even if
the entry has the current length citom.

e Divide the big citom map into some small map by the the citom’s first word. Then
can speed up the search, and provide a way to use multi thread(divide data by

word id).

New Class 5: Revldx: Generate the inverted index file (reverse index file)

[00470] This class handles the creation of inverted index file (also known as the reverse
index file). For each word, it records which entries it appears at what positions within that entry.
For a common word, we only record those that appears within an itom (phrase). For example,
“of” is a common word. It will not be recorded in general. However, if “United States of
America” is an itom, then that specific “of” will be recorded in the Revldx file. For an entry, the
position count starts with 1. Each sentence separator will take one position.

[00471] Figure 20C. Diagrams showing how the inverted index file (aka reverse index
file) is generated. The left diagram shows how the entire corps is handled; and the right diagram

gives more detail on how an individual entry is handled.

New Class 5: StemDict: Stem dictionary
[00472] The common word list is provided through a file. These words need to be
stemmed as well. StemDict can stem this list. This class accepts a text file as a input, keep the

order of all words and the line. Its output are stemmed words. It uses the flex tool as well.

2.4 Phrase Identification and the chi-square rule

[00473] In this subsection, we give more theoretical details about itom identification using
association rules. In itom identification, we want to discover the unusual association of words in
sequential order. We use an iterative scheme to identify new itoms.

[00474] Step 1: Here we only have stemmed English words. In step 2, we will identify any
two-word combination (in sequential order) that is above certain pre-set criteria.

[00475] Step n: Assume we have a collection of know itoms (include words and multi-
words phrases), and a database that is decomposed into component itoms. Our task is to find

those 2-itom phrases within the DB that is also above certain pre-set criteria.
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[00476] Here are the criteria we are using: We will call any 2-itom in association: A+B, an
citom (candidate itom). The tests we do include:
1) Minimum Frequency Requirement: the frequency of A+B is above a threshold.

Fobs(A+B) > Min obs_freq

2) Ratio test: Given the frequencies of A and B, we can compute the Expected
Frequency of (A+B). The Ratio test is to test whether the observed frequency
divided by the expected frequency is above a threshold:

Fobs(A+B)/Fexp(A+B) > Ratio _threshold.

3) Percentage test: the percentage of A+B is a significant portion of either all
occurance of A or all occurance of B:
max(Fobs(A+B)/F(A), Fors(A+B)/F(B)) > Percentage threshold

4) Chi-square test:

Assume that A and B are two independent variables. Then, the following table should

follow a Chi-square distribution of degree 1.

Category A Not A Total
B F(A+B) F(Not_A+B) F(B)
Not B F(A+Not B) | F(Not A+Not B) F(Not_B)
Total F(A) F(Not A)
[00477] Given frequency of A and B, what is the expected frequency of A+B? It is

calculated by:
Fexp(A+B) =F(A)/F(A _len citom) * F(B)/F(B_len Citom) * F(A+B _len_ Citom)

where F(X_len_citom) is the total number of citoms with word-length X.
[00478] In Chi-square test, we want:
[Fobs(A+B) — Fexp(A+B)]**2 / Fexp(A+B) +

[Fobs(Not A+B) — Fexp(Not_ A+B)]**2 / Fexp(Not A+B) +
[Fobs(A+Not B) — Fexp(A+Not_B)]**2 / Fexp(A+Not B) +
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[Fobs(Not_ A+Not B)— Fexp(Not A+Not B)]**2 / Fexp(Not A+Not B)

» Chi_square value degree 1 (Significance Level)

where the significance level is selected by the user using a Chi-square test distribution table.

[00479] In theory, any combination of the above rules can be used to identify novel itoms.
In practice, 1) is usually applied to every candidate first to screen out low-frequency events
(where any statistically measure may seem powerless). After 1) is satisfied, we apply either 2) or
4). If one of 2) or 4) is satisfied, we consider the citom a newly identified itom. 3) was used

before. 4) seems to be a better measure than 3), and we have been replacing 3) with 4).

2.5 Handling of common words

Definition

[00480] Common words, also known as stop words, are the words that occur with very
high frequency. For example, ‘the’, ‘of’, ‘and’, ‘a’, * an’ are just a few common words.

[00481] In indexing step, we maintain a common word dictionary. This dictionary can be
edited. This dictionary needs to be stemmed as well.

Usage

[00482] 1) In the itom identification step, the stemmed common word dictionary is loaded
and used. After reading the file, they were assigned a unique word 1D, and these IDs were
output into the inverted index file.

[00483] 2) Also in the itom identification step, if an identified phrase has a common word
as beginning or ending, it is not viewed as a new itom, and is not written into the newly
identified itom collection.

[00484] 3) In the inverted index file, a common word is not entered unless it is appeared
within an itom of an entry. In another word, within the inverted index file, there is appearance of
common words. However, this list is a partial list: it only contains the appearance of those

common words that appeared within an itom defined by the DB.itm file.

I11. Searching

3.1 Introduction
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[00485] The searching part is composed of: web interface (for query entry and result
delivery); search engine client (receives the query and delivers to the server); search engine
server (query parsing, and the actual computation and ranking of results). We have substantially

improved the searching algorithm for search precision and speed. The major changes/additions

include:
1) Recording word indices instead of itom indices. Itoms are resolved at the search
time dynamically (dynamic itomic parser).
2) Using sparse array data structure for index storage and access.
Definitions:
[00486] Word: a contiguous character string without space or other delimiters (such as tab,

newline, etc.)

[00487] Itom: a word, a phrase, or a contiguous string of limited length. It is generated by
indexing algorithm (see Chapter II).

[00488] Si-score: Shannon information score. For ecach itom, the Si-score is defined as

log2(N/f) where f is the frequency of the itom, and N the total itom count in the data corps.

3.2 Engineering design
[00489]

[00490] There are four major components for the search engine: the web interface, the

search engine client, the search engine server, and the indexed database files and interfaces. This
arrangement is shown in Figure 21A. The web interface receives user search request, and
delivers result to the user. The Search engine client sends the request to search engine server.
The search engine server parses the query into its components, generates the hit candidates and
ranks them according to their Si-scores. The database components (index files, and a plain-text

database interface) interacts directly with web interface for delivering the individual hits with

highlighting.
[00491] Figure 21A: Architecture of search platform. Notes: P call = process call
[00492] Figure 21A. Overall architecture of search engine. The web interface receives

user search request, and delivers result to the user. The Search engine client sends the request to
search engine server. The search engine server parses the query, and generates the hit candidates
and ranks them according to Si-score. The database components interacts directly with web

interface for delivering the individual hits with highlighting.
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[00493] Figure 21B shows the search engine from a data flow point of view. A user
submits his query via the web interface. The server receives this request. It sends it to the itom
parser, which identifies the itoms within the query. These itoms are then sorted and grouped
according to pre-defined thresholds. These selected itoms are broken down to its component
words. A 3-level word selection step is used to select the final words to be used in the search, as
the inverted index file only records the words and their positions in the corps.

[00494] The search process takes the input words, retrieves the indices from the inverted
index file. It generates the candidate entry lists based on these indices. The candidate entries are
reconstructed based on the hit-words they contain and their positions. The query is now
dynamically compared to each candidate to identify the matching itoms, and to generate a
cumulative score for each hit entry. Finally, the hits are sorted according to their score and
delivered to user.

[00495] Figure 21B. Data flow chat of search engine. User’s query first passes through a
itom parser. These itoms are then sorted and grouped according to pre-defined thresholds. A 3-
level word selection step is used to select the final words to be used in the search. The search
process takes the input words, generates the candidate lists based on these words, re-constructs
the itoms dynamically for each hit, and computes a score for each hit. These hits are sorted

according to their score and delivered to user.

3.3. Web client interface

[00496] The web client interface is a program on the server that handles the client requests
from web clients. It accepts the request, processes it, and passes the request to the server engine.
[00497]

[00498] Here is an outline of how it works: the client program is under web_dir/bin/.
When a query is submitted, web page will call this client program. This program then outputs
some parameters and content data to a specified named pipe. The search engine server checks
this pipe constantly for new search requests. The parameters and content data passed through
this pipe include a joint sessionid_queryid key, and a command_type data. Search engine server

will start to run the query after it reads the command type data from the client.

3.4. Search server init

[00499] The search engine needs the following files:
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1) DB.itm: a table file containing the distribution of all itoms, in the format of “itom
frequency itom id”.
2) DBu.rev: reverse index (inverted index) file. It is in FASTA format:
>itom_id
bid (position_1, position_2) bid (position_3, position 4)
where bid are the binary ids of data entries from the corps; position_n are the positions

of these itoms within the entry.

[00500] Search engine parses reverse index file into four sparse arrays. We call them row,

col, val, and pos arrays.

1) row array stores store col array index.
2) col array store all binary ids.
3) val array store position indices.

4) pos array store position data of itoms appear in original database.

[00501] With val and row arrays we could retrieve index of all binary ids and all
positional data by itom id. In order to increase the loading speed of index files, we split the

reverse index into these 4 arrays, and output them individually on hard disk as individual files in

the indexing step.
[00502] When search engine starts up, it will:

1) Read DB.row, DB.col, DB.val and DB.pos files into memory instead of reading

reverse index file.

2) Open DB.itm file, read in the “itom->itom_id”, “itom_id->frequency” data into

memory.

3) Build the itom score table by “itom->frequency” data.

3.5. Itom parser

[00503] Figure 22A. Distinct itom parser rules.
[00504] When user submits a query, the query is first processed by the itom parser. The

itom parser performs the following functions:
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1) Stem the query words using Porter stemmer algorithm (same way as the
corps are stemmed).

2) Parser the stemmed query string to itoms by non-overlapping, redundant,
sequential rules.

3) Sort itom list.

4) Split these itoms to word and assign these words to 3 levels, each level
contains some words.

[00505] Here is an explanation of these parser rules:

1) Sequential: we go from left to right (according to the order of language).
Each time we shift by 1-word. We look for the longest possible itom
starting with this word.

2) Overlapping: we allow partial overlaps between the itoms from the parser.
For example, suppose we have string: wl-w2-w3-w4, where wl+w2,
w2+w3+w4 are itoms in DB.itm, then the output will be “wl+w2”,
“w2+w3+w4”. Here “w2” is the overlapped word.

3) Non-redundant: if the input string is “A B”, where “A” and “B” are

PCT/US2007/067439

composed of words. If A+B is an itom, then the parser output for “A B”
should be just A+B, and not any of components that are wholly contained
(e.g. “A” or “B”). Using the example of “w1-w2-w3-w4” above, we will
output “wl+w2”, “w2+w3+w4”, but we will not output “w2+w3” even
though “w2+w3” is also an itom in DB.itm. This is because “w2+w3” is

fully contained within a longer itom “w2+w3+w4”.

Itom selection threshold and sorting rules

[00506] Figure 22B. Itom selection and sorting rules.

[00507] In selecting candidate itoms for further search, we use a threshold rule. If an itom

is below this threshold, it is dropped. The dropped itoms are very common words/phrases. They

usually carry little information. We provide a default threshold value which will filter out very

common words. This threshold is a parameter a user can adjust.
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[00508] For the remaining itoms, we will sort them according to a rank. Here is how they

are sorted:

1) For each itom, calculate (si-score(itom)+si-score(the highest score
word in this itom))/2

2) Sort score from high to low.

3-level word selection

[00509] Figure 22C. Classifying words in query itoms into 3 levels.

[00510] For a full-text as query search engine, computation speed is a key issue. When we
design our algorithm, we aim at 1) not missing any top-scoring hit; 2) not mis-scoring any hit or
segment; 3) using filters/speeding-up methods whenever 1) and 2) are not compromised.
Assigning 3 distinctive levels for words in the query itom collection is an important step in
achieving these objectives.

[00511] As the inverted index file is a list of words instead of itoms, we need to select
words from the itom collection. We group the words into 3 levels: 1st level, 2nd level, and 3rd

level. We treat differently the entries containing words in these levels.

1) For words making into 1st level, all the entries will be considered
in the final list for score computation.

2) For entries containing words in the 2nd level yet without any 1st
level word, we will compute an approximate score, and select top
50,000 bids (entries) from the list.

3) For the 3rd level words, we will not retrieve any entries containing
them if these entries do not contain 1st level and 2nd level words.
In another word, 3rd level words do not generate any hit-
candidates. We will ONLY consider them in these bids that are in
the collection of level-1 and level-2 bids in the final score

computation.

[00512] Figure 22C shows the pseudo-code on how to classifying words in the query

itoms into the 3-levels. Briefly, these are the classification logic:
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1) We maintain and update a 1st-level bid number count (bid _count). This count is
generated interactively by looking up the word frequencies in the DB.itm table.
We also compute a bid _count_threshold. Bid count_threshold = min(100K,

database-entry-size/100).

2) For each sorted itom, if itom si-score is lower than itom threshold, all words

within this itom are ignored.

3) For the top max(20, 60%*total_itom count) itoms, for the highest si-score word
within the itom,
a) if bid count <bid count threshold, it is a 1st-level word;

b) if bid count > bid_count threshold, it is a 2nd-level word.

4) For other words within the itom,
a) If si(word) > word_si_threshold, it is a 2nd-level word.

b) If si(word) < word_si_threshold, it is a 3nd-level word.

5) If there is remaining itoms (40% lower-scoring itoms), for each word within the
itom,
a) If si(word) > word_si_threshold, it is a 2nd-level word.

b) If si(word) < word_si_threshold, it is a 3nd-level word.

3.6 Search process

3.6.1 Overview

[00513] There are two types of searches: global search or segmented search (aka local
search). In a global search, we want to identify all the entries that have matching itoms with the
query, and rank them according to a cumulative score, irrespective the size of the entries or
where the matching itoms appear within the entries. In a segmented search, we will consider the
matching itoms within an entry and where thsee matches occur. Segments containing clusters of
matching itoms are single out for output. For databases with inhomogeneous entry sizes, global
search may produce poor hit list because it is biased toward long entries, whereas a segmented

search will correct that bias.
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[00514] In searching, we first need to generate a candidate list of entries for the final
computation of hit scores and for ranking the hits. From this candidate list, we then compute the
score for each candidate based on the itoms it shares with the query, and how these itoms are
distributed within the candidate for segmented searches. For global search, an overall score is
produced. For segmented search, a list of segments and their scores within the candidate are
generated.

[00515] The candidate list is generated from the 1st level words and 2nd level words.
While all entries containing 1st level words are a hit candidate, the entries containing 2nd level
words are screened first, and only the top 50,000 bids in this set is considered a candidate. Level
3 words do not contribute to the generation of final candidates.

[00516] Figure 22D: Generating candidates and computing hit-scores.

3.6.2 Search logic

[00517] Here is an outline of search logic:

For 1st level words:
1) Retrieve bids with each word in st level.
2) Reserve all bids retrieved. These bids are automatically inserted into the hit

candidate set.

For 2nd level words:

1) Retrieve bids with each word in 2nd level.

2) Except those bids retrieved by 1st level words, we compute a si-score for the
remaining bids based on 2nd level words.

3) Sort bids by this cumulative si-score.

4) Reserve up to 50,000 bids from these pool. This set of bids is added to the hit

candidate set.

For 3rd level words:
1) No new bid contribution to the hit candidate set.
2) Retrieve all bids with each word in 3rd level. Trim these lists to just retain the

subset of those bids/postions where the bid appeared in the hit candidate set.
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[00518] For those entries that made into the final hit candidate set, we can reconstruct
cach entry based on the positional information retrieved so far for words in all levels (level 1, 2
& 3). We will perform both global search and segmented search based on the re-constructed
entries. In global search, an overall score for the entire entry is generated, based on the
cumulative matching between query itoms and itoms within the entry. For segmented search, a
gap penalty is applied for each of the non-matching word within a segment. The lower and upper
boundaries of segments are determined so that the overall segment score can be maximized.
There is a minimum threshold requirement for segments. If the score for the candidate segment
is above this threshold, it is kept. Otherwise, it is ignored.

[00519] In computing for the overall score, or segment score for the segments, we use a
procedural called “dynamic itom matching”. The starting point of “dynamic itom matching” is a
collection of query itoms from the query, following the “sequential, overlapping, and non-
redundant” rules in Section 3.5. For each candidate hit, we re-construct its text from the inverted
index file, using all the itomic words and their positions that have been retrieved. The gaps
within the positions are composed of non-matching words. Now, we run the same parser (with
the “sequential, overlapping, and non-redundant” rules) on the re-constructed entry to identify all

its matching itoms. From here:

1) Total score of the entry can be computed using all the identified itoms.
2) Segments and segment scores can be computed using the identified itoms, their
positions within the entry, and the gap sizes between those itoms. Naturally, gap

sizes for neighboring itoms or overlapping itoms are zero.

3.6.3 Score damping for repeated appearances of itoms in hit

[00520] One challenge in search is how to handle repetitions in query and in hits. If an
itom appears once in query, but k times in hit, how should we compute its contribution toward a
total score? The extremes are: 1) just add the SI(itom) once, and ignore the 2nd or 3rd , ...
appearances. Or, 2) we can multiply the SI(itom) by the repetition times k. It is obvious that
neither of these two extremes are good. The appropriate answer is to use a damping factor, o, to
damp out the effects of multiple repetitions.

[00521] More generally, if an itom appears in query n times, and in hit k-times, how we
should calculate the total contribution from this itom? Here we give out two scenarios of how to
handle this general case. The two methods differ in how fast the damping occurs when query

itom is repeated n times within query. If n=1. then 2 methods are identical.
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1) Fast damping

SI total (itom) = k*si(itom), for k <=n;

n*si(itom) + Sum i-1,..., (k-n) o't *si(itom), for k >n.

2) Slow damping

SI total (itom) = k*si(itom), for k <=n;
=n*si(itom) (1 + Sum i-1...., [k-nyn] o), fork>n and k%n ==0;
= n*si(itom) (1 + Sum =1, jkenyn] ol + ((k-n) %n)/n * oldenyn] 1 ),

.....

for k >n and k%n !=0.

[00522] Here si(itom) is the Shannon information score of the itom. SI_total is the total
contribution of that itom toward the cumulative score in either global or segmented search. o is
the damping coefficient (0<=0.<1). % is the modulus operator (the remainder of division of one
number by another); and [(k-n)/n] means the integer part of (k-n)/n.

[00523] In the limiting case, when k goes to infinity, there is an upper limit for both
method 1) and 2). For 1), it is:

1) Limiting case for fast damping

SI total(itom) = n*si(itom) + (1/(1-tx)-1) * si(itom)
2) Limiting case for slow damping

SI total(itom) = n*si(itom) /(1-o).

3.6.4 Algorithm for identifving high-scoring segments (HSS)

[00524] Previously we identify HSS via accessing the forward mapping file
(DB.itom.fwd, FASTA file of pid to itom_id mapping). Candidates are first generated from the
reverse mapping file (DB.itom.rev, FASTA file, itom_id to pid mapping), and then each
candidate is retrieved from the DB.itom.fwd file. This is a bottleneck of search speed, as it

requires the disk access of forward index file. In the new implementation, we will calculate local
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scores from the reverse index file only, which is already read into memory at engine startup time.
The positional information of each itom is within the DB.itom.rev file (reverse index file, aka

inverted index file) already.

Assumptions:
[00525] Query: {itoml, itom2, ... itom_n}. The inverted index file in memory contains

the hit itoms and their file and position information. For example, in memory we have:

Itom1 pidl:posl,pos2,pos3 pid2:posl pid3:posl ...
Itom2 pid1:posl,pos2,pos3 pid2:posl pid3:posl pid4:posl pidS:posl ...

Itom n pidl:posl,pos2,pos3 pid2:posl pid3:posl pid4:posl pid5:posl ...

Algorithm:
[00526] The pseudo code is written in PERL. We will use a 2-layer hash (hash of hash):

HoH {pid} {position}= itom. This hash records what itom in what entry, and the position in each

occurrence. HoH hash is generated by reading the hit itoms mentioned above from the reverse

mapping file.

[00527] Intermediate output: two arrays, one tracks positive scores, one tracks negative
scores.

[00528] Final output: a single array with positive and negative scores.

[00529] For each pid in HoH, we want to generate two arrays:

1) Positive-score array, @pos_cores, dimension: N.
2) Negative-score array, (@neg_scores, dimension: N-1.

3) Position array, positions of for each hit itom

[00530] To generate these arrays:

foreach $pid in (keys %HoH) { #$pid is the keys
%H_entry = %HoH{$pid} # H_entry{position}= itom for a single entry.
foreach $position sort { $H entry{$a} <> $H entry{$b}} %H entry {
$itom=$H_entry->{$position};
$score=SI($itom);
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$itom_pos=$position;

push((@position, $position);

push (@pos_cores, $score);

if ($temp_ct>0) {
push(@neg_scores)=($position-$old_position)*$gap penalty;
$old_position=$position;}

$temp ct++;

}
@HSSs= identify HSS(@pos_score, @neg_score, @positions);

[00531] Now the problem is reduced to finding the high scoring segment between a stretch

of positive and negative scores, and report back the coordinates for the HSSs.

[00532] The final segment boundaries are identified by an iterative scheme that starts with
a seeding segment (a single positive-scoring stretch in the above array: @pos_score). Suppose
we have a candidate starting segment, we will perform an expansion on each side of that
segment, until there is no extension possible. Please notice, the neighboring stretch (to the left or
the right) is a negative-scoring stretch, followed by a positive-scoring stretch. In the expansion,
we will view this negative-scoring stretch followed by positive-scoring stretch as a pair. We may

choose distinct ways of extending the seeding segment into a long HSS via:

1) 1-pair look-ahead algorithm;
2) 2-pairs look-ahead algorithm;

3) Or, in general, K-pairs look-ahead algorithm (K>0).

[00533] In 1-pair look-ahead algorithm, we will allow for no decreasing in the cumulative
information measure score for every single pair we extend (e.g., adding a single pair of the
negative-score stretch followed by a positive-score stretch). Thus, at the end of a single iteration
of 1-pair look-ahead algorithm, we will either extend the segment by 1-pair of negative-scoring
stretches followed by positive-scoring stretches, or we cannot extent at all.

[00534] In 2-pairs look-ahead algorithm, we will allow for no decreasing in the

cumulative information measure score for every two pairs we extend (e.g., adding 2-pairs of the
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negative-score segment followed by a positive-score segment). If the 2-pair step causes a
decrease in the cumulative information score, we will drop the last pair, and check if the 1-pair
extension is OK. If yes, then our new boundary is extended by only 1-pair of stretches. If not, we
default back to the original segment.

[00535] This 2-fair look-ahead algorithm will generate longer segments compared to 1-
pair look-ahead algorithm, as it contains the 1-fair look-ahead algorithm within its computation.
[00536] In general, we may perform a K-pairs look-ahead, which means we will allow a
dip in the cumulative information score up to K-1 pairs, so long the K-pairs in totality increases
the overall information score if we extend our segment boundary by K-pair times. For larger K,

we will generate longer HSSs, if all other conditions remain the same.

3.6.5 Summary

[00537] To summarize what we said so far, for each bid in the hit candidate set, we do:

1) Retrieve all position for each word from the query itoms (with si(itom)>threshold).
2) Sort by positions retrieved from the inverted index file.
3) Using a dynamic parser to identify all matching itoms in the bid.

4) Calculate global score and segment score with damping.

3.7. Result delivering

[00538] After search process, retrieved-bids-set have enough information:
1) Global score;
2) Segment scores;
3) Positional information for high-scoring segments;
4) Query highlighting information;

5) Information of matching itoms.

[00539] There are 3 output files from a search process. They are:

1) Hit summary page. It contains info about:

Bid, global score and segment scores.

2) Highlighting data file. It has:

Bid, query highlight information, highest score segments position information
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3) Listing of matching itoms. This file has limited an access control. Only a subset of
users can access this info. It contains:

Itom_id, itom, si-score, query frequency, hit frequency, cumulative score.

[00540] The webpage interface programs then translate those files into HTML format and

deliver them to users.

IV. Web Interface

[00541] The web interface is composed of a group of user facing programs (written in

PHP), backend search programs (written in C++), and a relational database (stored in MySQL).
It manages user accounts, login and user authentication, receives user queries and posts it to the
search engine, receives from search engine the search results, delivers both summary result pages

and detailed result pages (for individual entries).

4.1 Database design

[00542] User data are stored in a relational database. We currently use MySQL database
server, and the customer database is Infovell customer. We have the following tables:
2) User: containing user profile data, like user id, user name, first name,
last name, password, email, address, etc.
3) DB class: containing database information, including names and explanations
about the database, like MEDLINE, USPTO, etc.
4) DB_subtitle: parameters for search interface.
5) user_options: parameters user can specify/modify during search time. Default set

of values provided.

4.2 Sign-in page and getpassword page

[00543] index.php page is the first customer facing page on the web. It let user to sign in,
or get his “password” or “userid” if an account already exists. When server.infovell.com is
clicked from a web browser, index.php delivers a user-login page.

[00544] Figure 23A. User login page. It collects user information include userid,
password. When an email is provided for an existing user, “send user ID” button will send the

user userid, and “send password” button will send the user password.
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[00545] If “Sign in” button is clicked, it will trigger the following actions:

1) index.php will post the parameters to itself, get userid, and password.
2) Query the User table in MySQL Infovell customer database.
3) If failed checking the userid and password, it will display error message.

4) Else it will set some session values to let user sign in, then go on for main.php

[00546] If “Send User ID” or “Send Password” button is clicked:

1) index.php will post the email info to getpassword.php.

2) getpassword.php will query the User table in MySQL Infovell customer database.
3) Ifno such email, it will show an error message

4) Else it will send email to user’s email address with information of “userid” or
“password”.

5) Redelivering the login-page by running index.php

4.3 Search interface

[00547] After login, the user is presented with the main query page (delivered by
main.php). A user must select a database to search (with default provided after login), and a
query text. There are two buttons on the button of the query box: “Search” and “Clear”. When
“Search” button is clicked, it will get the information on query text and on which database to
search. The search options should also be defined. “Search Options” on the upper right corner let
a user change these settings, and “User Profile” button next to “Search Options” let a user to
manage his personal profile.

[00548] Figure 23B. Main query page. There are multiple databases available to search,
and a user should specify which one he wants to search. Two bottom buttons (“Search” and
“Clear”) let the user either to fire off a search request, or clear the query entry box. The two
buttons on the upper right corner let the use modify his search options (“Search Options” button)
and manage his personal profile (“User Profile” button). Shown here we have an entire abstract
of a research article as query.

[00549] If a user clicks the “Clear” button, main.php will clear all text in the query text
area, using a javascript program. It re-delivers the main query page.

[00550] If a user clicks the “Search” button, it will trigger the following sequences of

actionsL

125



WO 2007/149623 PCT/US2007/067439

1) main.php: post query to search.php program.

2) search.php: search.php receives the query request, and performs the following

tasks sequentially:

(1) generate a random string as queryid. Combine queryid with its sessionid to
generate a unique key for recording the query: sessionid_queryid; write the
query to a file: html root/tmp/sessionid_queryid.qry

(ii) start a client, a C++ program, to pass search options to search engine via a
named pipe: sessionid_queryid and search command type. If the client
returns error code, go on for error.php

(ii1)go on to progress.php

3) progress.php: once received the request from search.php, it will do:
(1) read html root/tmp/sessionid_queryid.pgs once every second until it’s
content is larger than 100 (which means searching is complete).

(ii) if return 255 from html_root/tmp/sessionid queryid.pgs file, then go to run:

noresult.php
(ii1)if return 100 from html root/tmp/sessionid queryid.pgs file, then go to run:

result.php to show results.

[00551] Which database to search:

1) main.php: one of the cookies is the pipe number (db=pipe number). The pipe number

decides which database to be searched.
[00552] How to pass search options to search engine server:

1) main.php: click on “Search Options” to run searchoptions.php

2) searchoptions.php: when “save” button is clicked, search options will be written

to html root/tmp/sessionid.adv

3) when the client starts, it passes sessionid to search server. Search server will load

the new options data if a sessionid.adv file exists.
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[00553] Figure 23C. “Search Options” link. This page allow user to set search time

options.

4.4 Results page

[00554] After clicking on the “Search button”, the result will be delivered with a time
delay.
[00555] Figure 23D. Sample result summary page. Meta data are delivered on the right

column. Each underlined field is sort-able (via clicking on “Sort by” link at the column header
area). Relevance link provides a highlighting page where query and a single result is compared
in a side-by-side fashion.

[00556] When searching complete, results should be shown on results page.

[00557] 1) result.php: a C++ program will be startup to parser the result

file(html root/tmp/sessionid queryid.rs). It then returns the results information.

[00558] 2) Show the summary page of results on web page.

4.5 Highlichting page

[00559] When click on the “Relevancy score” cells on the result summary page delivered
by result.php, the highlighting page will be displayed via a program: highlight.php.

[00560] 3) highlight.php: a C++ program that parsers the result file
(html_root/tmp/sessionid_queryid.hl), then return the highlighting information.

[00561] 4) With the highlighting information, highlight.php delivers a result page
with matching itoms highlighted.

[00562] Figure 23E. Highlighting page for a single hit entry. High-scoring segments from
the hit entry is shown here (numbers in yellow color). The matching itoms within the high-
scoring segments are highlighted in blue color here. Users can toggle between various high-
scoring segments, or switch between a “global view” (by clicking the “Entire Document™ button

on top) or the Segmented view (default).

4.6 End search session

[00563] A user can end the search session by clicking the “Sign out” button which is
present in the main query page (upper left corner), as well as the summary result page, and the

highlighting page (upper left corner).
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V. Query Expansion and Similarity Matrix

[00564] Itoms as basic information units are not necessarily independent of each other.
There are two distinct types of itomic relations. 1) Distinct itoms that means the same thing.
Synonyms and abbreviated names form this category. For example, tumor or tumour; which one
you use depends on which country you are from. In another example, USA, United States,
United States of America, all contain the same information (may be slightly different, but who
cares). 2) Distinct itoms that have related meaning. For example: tumor vs cancer, “gene
expression data” vs “gene expression”.

[00565] For synonyms, synonym file induces an expansion of itom list, and a reduction in
SI for the involved itoms. This step applies to the SI-distribution function.

[00566] For related itoms, we have an automated query expansion step. We expand query
to include itoms that a related in meaning. In search, we adjust the Shannon information
computation of these itoms based on a similarity coefficient. The similarity coefficient for a
synonym is 1.0.

[00567] There are many issues remain with regard to query expansion and similarity

matrix.

5.1 Existing method of synonvm handling

[00568] Use internal synonym file: there is an internal synonym file, which contains the
most common synonyms used in English language. These synonyms are words of the same
meaning in British usage vs. US usage. The collection contains a few hundred such words.
[00569] Upload user-defined synonym file: A user can provide additional synonym file. It
will be used in all subsequent searches once uploaded. The file should follow the format: a
synonym group should be listed together, with each synonym separated by a comma, followed
by a space. A semicolon is used to end the group. The new group starts in a new line.
[00570] Here is the content of an example file:

way, road, path, route, street, avenue;

period, time, times, epoch, era, age;

fight, struggle, battle, war, combat;

[00571] SI-score adjustment: Shannon information for all involved itoms should be

adjusted. For example, the adjusted SI for the first case:
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SI(way)=SI(road)=SI(path)=SI(route)=SI(strect)=SI(avenue)

= -log ; (f(way)+f(road)+f(path)+f(route)+f(strect)+f(avenue))/ N

[00572] This adjustment step should be done when the SI-score vector is loaded into
memory, before any search computations. This SI-adjustment if not done, should be

implemented before the similarity matrix computation.

5.2 Definition of similarity matrix

[00573] A similarity matrix SM is a symmetric matrix that shows the inter-dependency of
itoms. It has L*L dimensions, where L is the total number of unique itoms within a given
distribution. All components of SM range between 0 and 1 ( 0<=x<=1). The diagonal elements
are all 1.

[00574] In practice, SM is a very sparse matrix. We can use a text file to express it. Here

is an example:

Itom; itom;:x; itoms:x; itoms:xs, where x; coefficients between 0,x;<=1.

[00575] Also, because SM is symmetric, we only need to record half of the matrix
members (those that are above the diagonal). As a convention, we will assume that all the
itom_ids on the right side of above formula are greater than the itom1.

[00576] Example 1: In the old synonym file, for the synonym list: way, road, path, route,
street, avenue. If we assume itom_id(way)=1100, itom_id(road)=1020, itom_id(path)=1030,
itom_id(route)=1050, itom_id(street)=1080, itom_id(avenue)=1090, then, we have the following

representation:

1100 1020:1 1030:1 1050:1 1080:1 1090:1

[00577] One should take note that all the itom_ids following the first ID should have a
smaller number. We can do this because the similarity assumption of SM. Also, we did not list
1100 on the right-side, as 1100 will have similarity 1.0 by default.

[00578] Example 2: Suppose we have an itom: “gene expression profile data”, and the
following are itoms as well: gene expression profile, expression profile data, gene expression,

expression profile, profile data, gene, expression, profile, data.
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[00579] In the SM, we should have the following entry (I did not use itom IDs here. One
should assume gene expression profile data has the highest ID as compared to all other itom

IDs used in this example).

gene_expression_profile data gene_expression_profile:x1 expression profile data:x2

gene_expression:x3 expression_profile:x4 profile data:x5 gene:x6 expression:x7 profile:x8

Comments: 1) “data” is not included in this entry, because “data” has SI<12.
2) The coefficient xi is computed this way:
x1 = Sl(gene_expression_profile)/SI(gene expression profile data)
x2 = Sl(expression_profile data)/SI(gene expression profile data)
x3 = Sl(gene_expression)/ SI(gene expression profile data)
x4 = Sl(expression_profile)/ SI(gene expression_profile data)
x5 = Sl(profile data) / SI(gene expression_profile data)
x6 = Sl(gene)/ SI(gene expression_profile data)
x7 = Sl(expression)/ SI(gene expression_profile data)

x8 = Sl(profile) / SI(gene_expression_profile data)

[00580] The SI-function we use here is the one allowing the redundancy. In this way, all

the x; satisfy the condition of 0<x;<=I.

5.3 Generating similarity matrix for a given distribution

5.3.1 Assumptions

[00581] 1. Itom IDs are generated according to an ascending scheme. Namely, the
most common itoms have the shortest IDs, and the rarest itoms have the longest IDs. This itom
ID assignation can be an independent loop separated from the itom identification program (see
Itom Identification Specs). This method of itom ID assignment has positive implications:

1) on ASCII file size for both forward and reverse index files.

2) on compression/memory management.

3) on automated similarity matrix generation (this document).

[00582] 2. An minimum coefficient x value is pre-set: minSimCoeff =0.25. If the

component itom is <minSimCoeff, then it is not included in the SM.
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[00583] 3. Including similarity measures for wholly-contained itoms only. This version
of the automated matrix generation only handles the case where an itom is completely contained
within another. It does not consider the similarity in case of partial overlaps, for example, in a+b
and b+c.

[00584] The partially similar itoms as in a+b vs. b+c, or between a+c vs. b+c+d will be
considered in future iterations. The similarity-matrix approach outlined here can handle these

kinds of similarities.

5.3.2 Input (DB.itom) and output (DB.itom.SM)
[00585] Psucod code:

forl=L,1>0,1-- {
break down itom(l) into components, all possible components (i=0, ...K)
(You Sheng has the code to do this already)

for i=0; i<=K; i++ {
compute x(1i) = SI(itom(i))/ SI(itom(1));
if x(11) <minSimCoeff {next;}
push (@SM(D), x(11));

}

write “itom(l) \t itom(0) ... itom(K)\n”;

5.4 Utilizing similarity matrix in querv expansion

5.4.1 Read-in similaritv matrix

[00586] In read-in similarity matrix, we have to expand the compressed expression into a
full-blown matrix we can use. For each itom, our objective is to re-construct the entire list of
itoms that have similarity to this specific itom. Suppose we use @itom SC(l) (1=0, ..., L) to

indicate the similar itoms to itom(l).

54.2 Psuedo code
[00587] forl=L,1>0,1- {
add “itom(l) \t itom(0) ... itom(K)\n” -> @itom_SC(l);
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for i=0; i<=K; i++ {

add itom(l) -> @itom_SC(i);

Now, @itom_SC(l) contains all the similar itoms to it.

5.4.3 Query expansion via similarity matrix

[00588] 1) Given a query text, we perform a step of non-redundant itomic parser step. In
this step, the query text are decomposed into itoms by a group of longest possible itoms without

overlap (as discussed elsewhere herein).

We will call this itom set: @itom_Proper.

[00589] 2) For the top 40 Sl-score itoms in @itom_Proper (with min-SI score >12), we
will obtain a list of @itom_Expanded, with their occurrences @itom Expanded Ct, and their SI-

score in (@itom Expanded Sc.

[00590] For each itom_Proper member,

(1) Look up @itom_SC(1) for that itom.

(2) If an expanded itom is already in the query itom list, ignore.

(3) Compute its SI for this occasion.
SI-score is re-computed by multiplying the similarity coefficient with the
itom SI- score of what it is similar to.

If an expanded itom has SI <12, ignore.

(4) Record the itom in @itom_Expanded, its occurrences in
@itom_Expanded Ct, and its Sl-score in @itom_ Expanded Sc. An average score
is recorded in @itom Expanded Sc for an itom that been pulled in from distinct
@itom_Proper itoms. For each occurrence of the itom,

SI(itom) updated = ( SI (itom) old + SI (itom) this occurance ) /2
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where SI(itom) old is the previous SI-score for this expanded itom,

SI(itom) this occurance is the new SI-score for the new itom_proper

For example, if (al, a2, a3, a4, a5) are proper itoms, and they all extend to itom b

in the itom expansion. Then, itom b should have:

Itom Occurance SI-score

b 5 [SI(al)+...+SI(a5)]/5

Notice, for each a;, SI _expanded(b) =SI(b) * [SI(a;)/SI(b)] = SI(a;).

[00591] 3) We will use the same 20-40% rule to select itoms from the
@itom_Expanded to be included in the search. Namely,
a. if @#itom Expanded (total number of elements) is <=20, then all itoms
will be used in search.
b. If @#itom Expaned >50, 40% of itoms will be used.
c. If20<@#itom Expanded <=50, top 20-SI itoms will be used.

5.4.4 Scoring a hit

[00592] The Sl-score for an itom depends on where it is coming from. Itoms in
@itom_Expanded should us @itom_ Expanded Sc, the adjusted SI-scores determined in the

query expansion step. In another words,

1) If anitom is directly included in the query, it SI-score from the DB.itom will be
used.
2) Ifan itom is included in the query via a similarity matrix, then the SI-score for

this itom should be from @itom_ Expanded_Sc, not from DB.itom.

V1. Federated Search

[00593] Federated search means searching multiple databases the same time. For example,
if we have MedLine, US-PTO, PCT, and other databases, instead of search each individual

database one at a time, we may want to search all the (or a collection of at least 2 of) databases.
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Federated search can be the default search mode, meaning if a user does not specify any specific
database, then we will perform a search for all the available databases (or the collection of
databases the user have the access privilege). Of course, a user should have the power to select
the default collection of databases to be searched in federation within his access privilege.
Typically but not necessarily, the databases are different (in the sense that they have different
schemas), or they are queried through different nodes on a network, or both.

[00594] Once determined to perform a federated search, there are two ways of performing
the search (computing the hit scores of individual entries in each database), and two ways of
delivering the results to the user. For hit-score computation, Al: we can compute a federated
score that will be equivalent to the hit score if all the databases are merged into a single one; or
A2: we can have the hit score from the individual database stay unchanged. For result delivering,
B1: we can deliver a single hit list which combines all the hits from individual databases. Or, B2:
we can deliver a summary page that contains summary information from each individual
database, and another click will lead to the hit-summary page for the specific database the user
specified.

[00595] It is most natural to combine A1 with B1, and A2 with B2. But other

combinations are OK as well.

6.1 Two ways of computing hit scores

6.1.1 Computing a federated score for a hit (A1)

[00596] This method of scoring is implemented very similar to the computation of hit
scores in a distributed search. Namely, there is only one single itom distribution table for the
entire federation of databases. All the individual databases use this single table to score its hits.
The scores for individual hits have global meaning: there are comparable. Thus, a hit in one
database can be compared with another hit from another database.

[00597] The single itom table can be generated from the simple combination of all the
individual tables (adding the frequency of each itom, and then compute a new SI-score based on
the new frequency, and total database itom*frequency count). We can call this itom distribution
table: DB_fed.itm.

[00598] Because the itom collections from the databases are likely distinct, we have to
map the merged itom distribution table back into individual databases (thus, to keep the itom IDs
for each database unchanged, just their scores adjusted). In this way, we don’t have to change

any other index files for the databases (e.g., the entry ID mapping file or the inverted index file).
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The only file that needs modification is the DB.itm file. We can call this new table: DB.itm.fed.
Notice, for DB1, and DB2, DBI1.itm.fed is not the same as DB2.itm.fed.

6.1.2 Computing a non-federated hit score (A2)

[00599] The second way of hit score computation is to disregard the federated nature
completely once the search task is rendered to individual database. The server will compute hit
scores for hits within the database the same way as a non-federated search. This is nothing more

to say here.

6.2  Delivering results

6.2.1 In a single hit list (B1)

[00600] Once the computation of hit scores is complete, and the hit set generated from
individual databases according to either A1 or A2, the results can be merged together into a
single hit list. This hit list is sorted by the hit score (federated score for A1, or non-federated
score for A2). We can insert the database information somewhere within each hit, for example,

by inserting a separate column in the hit page that displays the database name.

Meta-data issue

[00601] There will be no universal header data, though. As the header data (meta-data
fields) may be different from database to database. In general when we perform a federated
search, we will not be able to sort by the metadata fields as we can do in specific database
searches on controlled data collection. We can still display each individual hits in the summary

page according to its meta-data fields, though.

Delivering the individual hit
[00602] We can preserve the specificity in displaying hits here. Namely, each hit from a
specific database will have a specific style of displaying it, the same way as individual hit is

displayed in non-federated searches.

6.2.2 In multiple hit lists (B2)

[00603] This is a more traditional way of displaying results in a federated search. A
summary page is first returned to user, containing summary information from each individual

database (e.g., database name; database size; how many hits are found; the top score from this
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DB, etc.). The user can now select a specific database, and the summary page for that database
will be displayed next. This result page will be exactly the same as he performed a non-federated

search for this database specifically.

Meta-data fields is not an issue
[00604] There is no meta-data issue here. As hits from a specific database is delivered
together, the meta-data fields for the database can be delivered the same way as non-federated

search.

6.3. Architectural design of federated search

[00605] Figure 24. Overall Architecture of Federated Search. The web interface receives
user search request, and delivers result to the user. The Communication Interface from the
Client-Side sends the request to the Communication Interface in the Server-Side running on a
logical server. The Communication Interface from the Server-Side passes the request to the
Search Engine Server. The Search Engine Server generates the hit candidates and ranks them
according to the hit-scores. The Communication Interface program in the Client-Side interacts
with Communication Interface program in the Server-Side to deliver results (summary
information and the individual hits with highlighting data).

[00606] The Communication Interface for engine in the Client-Side is a program on the
server that handles the client requests from web clients. It accepts the request, processes it, and
passes the request to the Server-Side.

[00607] The Communication Interface fir engine in the Server-Side is a program running
on the logical server that handles the requests from the Communication Interface for engine in
the Client-Side. It accepts individual request, processes it, and passes the request to the Search

Engine Server.

Outline of how they work together

[00608] The client-side program is under web_dir/bin/. When a query is submitted, web
page will call this client-side program. This program then connects to the remote logical server
Communication Interface in the Server-Side, which then passes the request content to the Server-
Side. This program in the Server-Side outputs some parameters and content data to a specified
named pipe on the logical server. The Search Engine Server checks this pipe constantly for new
search requests. The parameters and content data passed through this pipe include a joint

sessionid_queryid key, and a command type data. The Search Engine Server will start to run the
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query after it reads the command _type data. A Server-Side program checks id.pgs for search
progress. When a search is finished, the Server-Side program passes some content data to the
Client-Side to indicate that searching finished on this logical server. For a federated search, a
Client-Side program will check the return status from multiple Server-Side programs. If all are
done, then the Client-Side program writes to the progress file to indicate the federated search has
finished.

[00609] Communication Interface for web in the Client-Side is a program on the server
that handles results or highlighting requests. It accepts the request, and passes the request to the
Server-Side.

[00610] Communication Interface for web in the Server-Side is a program running on
the logical server that handles the requests from the Communication Interface for the web in the
Clients-side. It accepts the request, gets results information or highlighting information. It then

passes these data to the Client-side.

VII. Distributed Search

[00611] The objective of distributed computing is to improve search speed and the
capacity of concurrent usage (the number of concurrent users on the search engine). The
solution is to have multiple small computers (relatively cheap) to serve the multitude of search

requests. Let’s first try to standardize some terminology:

1. Master node: a computer that receives search requests and manages other computers.
2. Slave node: a computer that is being managed by another computer

3. Load balancer: distribute jobs to a group of slave nodes based on their load.

[00612] Here we make a distinction between a master node and a load balancer. A load
balancer can be viewed as a master node, but it is a relatively simple master. It only balances the
load at individual nodes; whereas a master node may be involved more elaborate computing
tasks such as merging search results from multiple fragments of a database.

[00613] Master nodes, slave nodes, and load balancer can be integrated together to form a
Server Grid. There are different ways of forming a server grid. In one formation, the database
is split into multiple small DB segments. A group of computers, with a load-balancer as its head,

are responsible for each DB segment. The grid master node views the load balancer for the group
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as slave nodes. In this configuration, we will have a single Grid Master (with potential
backups), a number of Column Masters (Load balancers); and each column master manages a
group of column slaves. Figure 28 shows a schematic design of this formation.

[00614] Figure 28. A Schematic design of a distributed computing environment. Master
Node (MN), with Backup MN_Backup, receives search requests and distributes the task into a
group of N Load Balancers (LB), with backups as well. Each LB manages a group of Slave
Nodes (SN), which either performs search or indexing on a segment of database (DBJi], i=1,

.N).

7.1 The task of a load balancer

[00615] The load balancer receives search requests. It observes the load of each individual
server. Depending on the load of them, it distributes the search job to a single machine, usually
the machine with least load at the moment of request. When the search is completed, the result is

sent from the slave nodes, and presented to user or the requesting computer.

7.2 Managing DB fragments via a master node

[00616] Consider the simplest scenario: we have a single computer serves as the master
node. There is a group of slave nodes. Each slave node has a fragment of the database, DBJ[1],

i=1, ..., N, with N being the number of slave nodes.

7.2.1 In searching

[00617] The master node:

1)  Receiving a search request.

2)  Send the same request to all the slave nodes.

3)  Each slave node performs a localized search, on the DB fragment DBJi]. The
score generated here has to be global.

4)  The master node combines the search results, sorts them according to the hit
scores, and presents the result to user.

5)  Inresponding to user’s request to individual hit, the master determines which
DBJi] to retrieve the hit based on its ORIGINAL PRIMARY ID. The highlighting
information for that specific hit is already available once the specific slave node is

determined.
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[00618] The slave node:

1)  Receives a search request.
2)  Searches its DB fragment.

3)  Generate hit list, and send the result the master node.
[00619] The key here is how the DB is indexed. Each slave node contains the reverse
index file that is just for the DB fragment. Yet, the itom distribution table has to be for the entire

database. Only in this way, the scores computed can be sorted.

7.2.2 In indexing

[00620] This configuration works for indexing as well. When a database comes in, the
master node will distribute each slave node a DB fragment, let’s say DBJ[i], i=1, ..., N with N
being the count of slave nodes. Each slave node indexes its DBJ[i] individually, generating an
itom distribution table DBJi].itm, and a reverse index file DBJ[i].rev.

[00621] The itom distribution tables from all the slave nodes will be merged into a single
table, with combined frequencies. This will be the DB.itm table. This table is then mapped back
to individual slave nodes, thus generating a DBJ[1].itm.com (.com means combined).
DBJi].itm.com contains the new itom frequency with the old itom ID. This table will be used

together with the DBJ[i].rev for search and scoring.

VIII. Itom Identification and Itomic-measures

8.1 Definition of itom

[00622] Word: a continuous string of characters without a word separator (usually, “ *,
space).
[00623] Itom: the basic information units within a given database. It can be a word, a

phrase, or a contiguous stretch of words that satisfies certain selection criteria.
[00624] Itoms can be imported from external sources, for example, an external phrase
dictionary or taxonomy. Any phrase in the dictionary or taxonomy, with a frequency >0 in the

data corpus, can be an itom. Those itoms are imported itoms.
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[00625] Itoms can be classified as single-word itoms, and composite itoms. The
identification of single-word itoms is obvious. From here on, we will focus on how to identify
composite itoms within a given database. We will use the following convention:

citom, or c-itom, candidate itom. Initially, it is just continuous n-words.

itom: citom that meets a certain statistical requirement, generated by the itomic

identification program.

8.2 Itom identification via associative rules

[00626] Association analysis is a data mining concept, involving identifying two or more
items in the large collection that are related. Association rules have bee applied to many areas.
For example, in market basket analysis, given a collection of customer transaction history, we
may ask if there is a tendency for customers who bought “bread” also tended to buy “milk” the
same time. If yes, then, {bread}->{mild} would form an association. Besides market basket data,
association analysis is applicable to many domains, particularly on online marketing, e.g. online
book selling, online music/video selling, online move rental, etc.

[00627] Association analysis can also be used to identify relationship among words. In our
specific case, association analysis can be used to identify the “stronger than random” association
of two or more words in a data collection. Those associations, once passing a certain statistical
test, can be viewed as candidate itoms. Of course, the association analysis can be applied to
study not just associations of neighboring words. Association rules can be applied to find
association of words within a sentence, or within a paragraph as well. We will only focus on
applying association rules to itom identification here (e.g., association rules for neighboring
words).

[00628] In addition to the association rule discovery methods we have outlined in Chapter
2 (minimum frequency requirement, ration test, percentage test, and Chi-square test), here we list
a few of the most common association rules that can be used for itom identification. These
methods may be used individually or in any combination for the purpose of identifying itoms for
a data collection.

[00629] Here we give a brief outline of how to apply association rules to identify itoms.
We will use the identification of 2-word itom as an example. As each of the word in the example
can also be itoms, these methods can be used to identify itom of any length.

[00630] Problem: Given a word or itom, A, among all other words that is next to it, find

the ones that have an identifiable association with A.
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Word/Itom B Not B Total
A flle(A+B) fio= F(A+N0t B) fi,= F(A)
Not A f(n: F(NOt A+ B) f()():F(NOt A+Not B) f()+: F(NOt A)
Total f=F(B) f =F(Not B)
Table 8.1
[00631] Table 8.1. Table showing the association of two words (itoms) A and B: itoms.

Not_ A: an itom not starting with A. Not_B: an itom not ending with B. N: total number of two-
itom associations. fj;: frequency of observed events (1 stands for yes, and 0 for not). f;, : total

count of phrases started with A. fy.: total count 2-word counts not starting with A.

[00632] Definitions:

e Association Rule A->B: Word A tends to be followed by B.

e Support of A->B: s(A->B) = f}; /N. A rule with low support may simply occur
by chance. We eliminate all terms with too low support by removing f;.<5. Since
f11<f 11, we are keeping all rules with support >=5.

e Confidence of A->B: c(A->B)= {1, / fi+. The higher the confidence, the more
likely if if A happens, B will follow it.

e Given a set of transactions, find all the rules having support >=min_sup and
confidence >=min_conf, where min_sup and min_conf are the corresponding
support and confidence thresholds.

e Interesting factor of A->B, IF(A,B) = s(A->B)/ [s(A)*s(B)] = N*f},/ (f 1. *f 1))

{ 1, if A and B is independent (f11=f 1+*f +1/N)
IF(A,B)= {>1,if A and B positively correlated
{ <1, if A and B negatively correlated

e IS-measure: IS(A,B) = s(A->B)/ sqrt[s(A)*s(B)] =cos(A,B) = fi1/sqrt(f 1+ *f 1)
e Correlation coefficient: f(A,B)= (f11* {00 - f01*f10)/ sqrt(f1+*f+1*f0+*f+0 )

{0, if A and B is independent
f(AB)= {(0,1] if A and B positively correlated
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{ [-1, 0) if A and B negatively correlated

[00633] There are some known problems for using correlation coefficient to discover
association rules: (1) the f-coefficient gives equal importance to both co-presence and co-
absence of terms. It is our intuition, that when sample size is big, co-presence should be more
important than co-absence. (2) It does not remain invariant when there are proportional changes

in the sample size.

Measure Definition
Correlation, ¢ (fir™* foo - for*f10)/ sqrt(fi* i * fo. g )
Interest Factor, IF N*/ (£ )
Cosine, IS fu/sqri(fi * £4)
Odds ratio, o f11%foo/(f10%fo1)
Kappa, © [N*(fi1+o0)-f14 ¥ £y - o ¥ 10 /(N"Fi ¥ -fo.* £io)
Piatetsky-Shapiro, PS f11/N - (f1.* f+1)/N2
Collective strength, CS (f11+Hf00)/(f1 ¥ f oy ¥ ) *(N-f1. ¥£q-fo, *f.0)/(N-f11-foo)
Jaccard, C fi/(fi +H-f1n)
All-confidence, / min[fy, /114, £11/f]

Table 8.2

[00634] Table 8.2. Common statistical methods for association rule discovery applicable

to itom identification. Listed here are mostly symmetric statistical methods. There are other

statistical methods, including asymmetric methods. There are not listed here.

8.3 Shannon information (Shannon-measure) for each itom

[00635] In computing the Shannon information amount for each itom, there are 2
alternatives, one is to use the non-redundant frequency (current case), or to use the
frequency with redundancy.

SI 1(a) =-log zf(a) /N
or

SI 2(a)=-log_z fr(a)/M
Where z is the base for the log. It can be “2” or any other number that is greater than 1. SI_2 has
the property:

SI 2(atb) > max (SI 2(a), SI 2(b))
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which means that a composite itom should always has high information amount than its
component itoms. This agrees with the perception about information of a certain proportion of
people.

[00636] We can try either measure, and see if it produces differences in output ranking.

8.4 Amplifving Shannon-measure for composite itoms

[00637] In our studies, it appears the information amount assigned to phrases via Shannon
measure is insufficient. We have designed pragmatic fixes to this problem. In one way, we apply
a multiplication factor to all composite itoms. Assume si(A) stands for the Shannon measure for
itom A. Then, for any given itom A,

S(A) = a*si(A), where a=1, if A is a single word. If A is a composite itom, then a >1.

There are other alternatives as well. For example,

[00638] Alternative 1: Define a new measure S(A) by
1) S(A) =si(A), if A is a single word, si(A) is the Shannon info of word A.
i) S(A+B) = [S(A)+S(B)]**B, where A, B are itoms, and f>=I.

This will guarantee for itom with many words to have a high score, ¢,g.:

S(wl+w2+w3+w4) >= S(w1) + S(w2) + S(w3) +S(w4)

= si(wl) + si(w2) + si(w3) + si(w4).

[00639] Alternative 2: For composite itoms, define a new measure S(A) by adding a
constant increment to the Shannon measure for each additional word. Let's say, assign 1-bit of
info for each additional word in the phrase (as the info amount for knowing the order of a+b).
Thus,

1) S(A) =si(A) if A is a word;

1) S(A+B) = si(A+B) +1. (si(A+B) is the Shannnon score for phrase A+B)).

In this way, for an itom of length 40, we will have: S(phrase 40 words) =

si(phrase 40 words) + 39.

[00640] Alternative 3: Define
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1) S(A) =si(A), if A is a single word, si(A) is the Shannon info of word A.
i1) if we have got all (<=n)-length itoms's score, calculate (n+1)-length itoms's score:

max(sum(S(decomposed itom))*(1+f(n)), si(itom) )

where f(n) is a function about itom-length or a const num.

[00641] In this way, for itom A+B, we have:
S(A+B)=max((S(A)+S(B))*(1+f(n)), si(A+B))

[00642] For itom A+B+C:(decompose to A+B, C), we have:
S(A+B+C)=max((S(A+B)+S(C))*(1+f(n)), si(A+B+C))

[00643] The rule used to decompose the itom is: sequencial, non-overlapping.
[00644] There are other programmatic methods to fix the problem of insufficient scoring

for composite itoms. Details are not provided here.

IX. Boolean-like Searches and Structural Database Searches

9.1 The need of searching structural data

[00645] So far, we know that our search engine can search meta-data fields as well as the
content text; it actually treats them uniformly with no distinction. In other words, we have no
method to search the meta-data fields differently from that of the content fields. This is a serious
limit. A user may want to see a certain word in the title specifically. In another example, how can
I specify that a person’s last name is “John”, not his first name? These questions lead us
inevitably to the study of structural data. A structural data can be any format of data with
structure. For example, the FASTA format we have used so far, containing the meta-data fields
and the contents, is actually structural, because it has multiple fields. Structural data can be from
XML files, from relational databases, and from object-oriented databases. By far, structural data
from relational databases represent the largest collection these days.

[00646] The general theory of measuring informational relevance using itomic

information amount can be applied to structured data with not much difficulty. In some aspects,
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application of the theory to structured data has even more benefits. This is because the structured
data is more “itomic”, in the sense that the information is more likely at itomic level, and the
relevancy of sequential order of these itoms are less important as in the unstructured data.
Structured data can be in various forms, for example, XML, relational databases, and object-
oriented databases. For the simplicity of description, we will focus only on structured data as
defined in a relational database. The adjustment of theory developed here into measuring
informational relevancy in other structural formats is obvious.

[00647] A typical table contains a primary id, followed by many fields that show the
properties of the primary id. Some of these fields are “itomic” by nature, namely, they cannot be
further decomposed. For example, the “last name” or “first name” field in a name list table
cannot be break down further. Whereas other fields, for example, the “hobby” field may contain
decomposable units. For example, “I like hiking, jogging, and rock climbing” contains many
itoms within. Each field now will have its own cumulative of information, depending on the
distribution function of the involved itoms. The distribution of the primary id field is a uniform
one, giving each of the itom the maximum amount of information possible, while the first name
field in a western country like US contain little information, compared to that in the last names.
[00648] Extending the itomic measure theory to database settings contains tremendous
benefit. It will allow user to ask vague questions, or to over qualify a query. The question facing
today’s search to relational database is that the answers are usually either too long, or too short;
and they all come back without any ranking. With our approach, the database will give answers
in a ranked list, based on the informational relevance to the question we ask. A user may choose
to “enforce” certain restrictions, and leave other specifications as not “enforced”. For example, if
one is looking for a criminal suspect within a personal database, he can specify as much as he
knows, choose to enforce a few fields, such as his gender and race, and expect the search engine
to return the best answers it can find in the data collection in a ranked way. We call this type of
search Boolean-like informational relevance searches, or simply Boolean-like searches, to
indicate 1) it has certain similarity to traditional Boolean searches; 2) it is a different method
than Boolean. The search engine designed this way behaves more like a human brain than a
mechanical machine. It values all the information input from a user, and does it best to produce a

list of most likely answers.

9,2. Itoms in structural data

[00649] For a given field within a database, we can define a distribution, as we have done

before, except the content is limited to only the content in this field (usually called a column in a
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table). For example, the primary id field with N rows will have a distribution. It has N itoms,
with each primary_id an itom, and its distribution function of F=(1/N, ..., 1/N). This distribution
has the maximal information amount for a given N number of itoms. For other fields, let’s say, a
column with list of 10 items. Then, cach of these 10 items will be a distinct itom, and the
distribution function will be defined by the occurrence of the items in the row. If a field is a
foreign key, then the itom of that field will also be the foreign key themselves.

[00650] Generally speaking, if a field in a table has relatively simple entries, like numbers,
one to a few word entries, then the most natural choice is to treat all the unique items as itoms.
The distribution function associated with this column then is the frequency of occurrence of
these items.

[00651] For the purpose of illustration, let’s assume we have a table of journal abstracts. It

may contain the following fields

Primary id

Title

List of authors
Journal name
Publication_date
Pages

Abstract

[00652] Here, the itoms for Primary_id will be the primary_id list. The distribution is
F=(1/N, ..., I/N) where N is total number of articles. Journal name is another field where each
unique entry is an itom. Its distribution is F=(n;/N, ..., n/N), where nj, ... ng are the number of
papers from journal i (i=1, ..., k) in the table, k is the total number of journals.

[00653] The itoms in the pages field is the unique page numbers appeared. To generate a
complete list of unique itoms, we have to split the pages into individual ones. For example, pp5-
9, should be translated into 5, 6, 7, 8, 9. The combination of all unique page numbers within this
field forms the itom list for this field.

[00654] For publication dates, the unique list of all months, years, and dates appeared in
the database is the list of itoms. They can be viewed in a combination, or they can be further
broken down into separate fields, i.e., year, month, and date. So, if we have Ny unique years,
Nm unique months, and Nd unique dates, then the total number of unique itoms are:

N=Ny+Nm+Nd. According to our theory, if we break the publication dates into three subfields,
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the cumulative information amount from these fields will be smaller compared to have all them
in a single publication date field with mixed information about the year, month, and date. We can
treat the author name fields similarly. The level of granularity on the content is really dictated by

the nature of the data and the applications it has to support.

9.2.1 Field data decomposable into multiple itoms

[00655] For more complex fields, such as the title of an article, or the list of authors, the
itoms may be defined differently. Of course, we can still define each entry as a distinct itom, but
this will not be much helpful. For example, if a user wants to retrieve an article by using names
of one author or the keywords within the title, we will not be able to resolve at itom level if our
itoms are the complete list of unique titles and unique author lists.

[00656] Instead here we consider defining the more basic information units within the
field as itoms. In the case of author field, each unique author, or each unique first name or last
name can be an itom. In the title field, each word or phrase can be an itom. Once a field is
determined to be complex, we can simply run the itomic identification program on the field

content to identify itoms and generate their distribution function.

9.2.2 Distribution function of long text fields

[00657] The abstract field is usually long text. It contains information similar to the case
of unstructured data. We can dump the field text into a large single flat file, and then obtain the
itom distribution function for that field as we have done before for a given text file. The itoms

will be words, phrases, or any other longer repetitive patterns within the text.

9.3 Boolean-like search of data in a single table

[00658] In Boolean-like informational relevance query, we don’t seek exact matches of
every field a user asks unless it is “enforced”. Instead, for every potential hit, we calculate a
cumulative informational relevance score for the whole hit to a query. The total score from a
query with matching in multiple fields is just the summation of information amount of matching
itoms in each field multiplied by a scaling factor. We rank all the hit according to this score and
report back to the user this ranked list.

[00659] Using the same example as before, suppose a user inputs a query:

Primary_id: (empty)

Title: DNA microarray data analysis
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List of authors: John Doe, Joseph Smith
Journal name: J. of Computational Genomics
Publication_date: 1999

Pages: (empty)

Abstract: noise associated with expression data.

[00660] The SQL for the above query would be:

select primary _id, title, list of authors, journal name, publication_date, page list,
abstract from article table where

title like ‘%DNA microarray data analysis%’

and (author_list like "%John Doe%’) and (author_list like ="%Joseph Smith%’
and journal name="‘J. of Computational Genomics’

and publication_date like ‘%1999%’

and abstract like ‘%noise associated with expression data%’

[00661] The current keyword search engine will try to match each word/string exactly. For
example, the words “DNA microarray data analysis” have all to appear in the title of an article.
Each of the authors will have to appear in the list of author. This will make defining a query
hard. Because the uncertainty associated with human memory, any specific information among
the input fields may be wrong. What the user secks is something in the neighborhood of the
above query. If missing a few items, it is OK unless it is deemed “enforced”.

[00662] Figure 25A. User interface for a Boolean-like search. User can specify
information for each individual fields. On the right-most column, a user can choose whether to
enforce the search terms. Once “Enforce” box is checked, the hits with matching requirement
will be considered in the top list; and those that does not match the requirement for this field will

be put into another list even they have high scores from other fields.

9.3.1 Ranking and weighting of individual fields

[00663] In our search engine, for each primary_id, we will calculate an information
amount score for each of the matching itoms. We then summarize all of the information amounts
in individual fields for that primary_id. Finally, we rank all those with score above zero
according to the cumulative information amount. The match in a field with more diverse

information will likely contribute more to the total score then a field with little information. As
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we only count for positive matches, a few mismatches do not hurt at all. In this way, a user is
encouraged to put as much information as he knows about the subject he is asking, without the
penalty of missing any hits because of his submitting the extra information. In the mean time, if
he is certain about certain information, he would have clected to “enforce” these fields.

[00664] A user may perceive certain fields to be more important than others. For example,
typically a matching of an itom in the “title” field would be more significant than a matching of
the same itom in the content field. We handle this kind of distinctions by applying a weight to
cach individual field, on top of the information measure computation for that field. Weight for
each individual field can be predetermined based on a common consensus. In the mean time,
such parameters will be made available to users to adjust at run time.

[00665] We break this hit list into two subsets: the one with the “enforced” ficlds fulfilled,
and those with at least one of the “enforced” fields missed. We compute the score for the hits

with violations the same way as we computed for those without any violation.

9.3.2 Result delivering: two separated lists

[00666] We can deliver two separated rank list, one for these with the “enforced” fields
fulfilled; and one with at least one violation on the “enforced” fields. The second list can be
delivered at a separate location of the return page, with a particular highlighting (such as “dim”

the entire list, and use “red” color to mark the violated fields on the individual link page).

9.3.3 Implementation concerns

[00667] Of course, this will be a CPU expansive operation, as we have to perform a
computation for each entry (each unique primary_id). In implementation, we don’t have to do
this way. As itoms are indexed (inverted index file), we can generate a list of candidate
primary_ids which contains at least one itom, or at least two itoms, for example. Another way of
approximation is to define screening thresholds for certain important fields (fields with large
information amount, for example, the title field, the abstract field, or the author field). Only
candidates with at least one score in the selected fields above the screening thresholds will be
further computed for the real score. As most of the user only cares the top-hits, we don’t have to
sort/rank extensively those distant hits with low scores (mostly very large lists).

[00668] In a typical relational database, most columns are associated with an index that
speeds up the search of data in that column. In our search, we will make something similar. For

cach column X (or at least the important columns), we will have two associated tables, one
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called X.dist, and the other X.rev. In the X.dist table, it lists the itom distribution of this field.
The X.rev is the reverse index for the itoms. The structure of these two tables is essentially the
same to the case for a flat-file based itom distribution table and reverse index table.

[00669] In another option, we can have a single X.rev file for multitude of fields. We will
have to insert one more specification to the content of the X.rev entries, namely the field
information. The field information for an itom can be specified by a single ASCII letter. Whether
to generate an individual inverted index file for each field, or whether to combine various fields
to form a single inverted index is up to the implementer, and also depends on the nature of the
data. One objective would be to reduce the size of the total index files. For example, for content-
rich fields, we can use a single index file; and for those fields with limited contents; we can

combine them together to generate a single index file.

9.4 Searching structural data involving multiple tables

[00670] In most occasions, a database contends many tables. A user’s query may involve
information from many tables. For example, in the above example about a journal article, likely,
we may have the following tables:

Article Table Journal Table Author Table Article author

Article id (primary) Journal id (primary) Author id (primary) Article id Author id

Journal id (foreign) Journal name First name

Publication_date Journal address Last name

Title

Page list

Abstract

[00671] When the same query is issued against this database, it will form a complex query

where multiple tables will be involved. In this case, the SQL language is:

select ar.primary _id, ar.title, au.first name, au.last name, j.name, ar.publication_date,
ar.page_list, ar.abstract from article table as ar, journal table as j, author_table as au,
article author as aa

where ar.article id=aa.article id and ar.journal id=j.journal id and

au.author id=aa.author id

and ar title like ‘% DNA microarray data analysis%’
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and (au.first name="John’ and au.last name="Doe’) and (au.first name="Joseph’ and
au.last name="Smith’

and j.name = ‘J. of Computational Genomics’

and ar.publication_date like ‘%1999%’

and ar.abstract like ‘%noise associated with expression data%’

[00672] Of course this is a very restrictive query, and likely will generate zero or few
returns. In our approach, we will generate a candidate pool, and rank this candidate pool based
on the informational relevance as defined by the cumulative information amount of overlapped
itoms.

[00673] One way to implement a search algorithm across multiple tables is via the
formation of a single virtual table using the query that is directly tight to the User Interface. We
first join all involved tables to form a virtual table with all the fields needed in the final report
(output). We then run our indexing scheme on each of the field (itom distribution table and
reverse index table). With the itom distribution tables and the reverse indexes, the complex query
problem as defined here is reduced to the same problem we have solved for the single table case.
Of course the cost of doing so is pretty high: for every complex query, we have to form this
virtual table and perform the indexing step on the individual columns.

[00674] There are other methods to perform the informational relevance search for
complex queries. One can form a distribution function and an inverted index for each important
table field in the database. When a query is issued, the candidate pool was generated using some
minimal threshold requirements on these important fields. Then the computation of exact score

for the candidates can be calculated using the distribution table associated with each field.

9.5 Boolean-like searches for free-text fields

[00675] There is need to perform Boolean-like searches on free-text fields as well. The
requirement for such searches is that user can specify a free-text query, and in the mean time can
apply Boolean logic to the fields. As our default operation logic is “OR” for all query terms,
there is no need to implement that any more. (In reality, the “OR” operation we implemented is
not strictly a Boolean “OR” operation. Rather, we screen out many of the low hits, and only kept
a short list of high-scoring hits for the “OR” operation). In Boolean-like searches, we need to
support “AND” and “NOT” (“AND NOT”) operations only. These operations can be operating

on the unstructured text fields, or on each of the meta-data fields.
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[00676] Figure 25B shows an interface design to implement a Boolean-like search on an
unstructured data corpus. A user can implicitly apply Boolean operations such as “AND”, and
“NOT” in his query. Here, multiple keywords can be entered in the “Keywords for enforced
inclusion” fields. All these keywords must appear in the hits. Multiple keywords can be entered
in the “Keywords for enforced exclusion” fields. All of these keywords must not appear in the
hits.

[00677] In implementation of such search, we first generate a hit list based on the free-text
query, and compute an informational-relevance score for all of these hits. We than screen these
hits using the keywords for enforced inclusion and enforced exclusion. Because, the enforced
terms may exclude many hits, we need to generate a longer-list of candidate hits on the free-text
query step for this type of searches.

[00678] Figure 25B Boolean-like query interface for unstructured data. User can specify a
free text (upper larger box). He can also specify keywords to be included or excluded. The
inclusion keywords (separated by *,”) are supported by Boolean “AND” operations. The
exclusion keywords are supported by Boolean “NOT” (e.g. “AND NOT”) operations. A
qualified hit must contain all the enforced inclusion keywords, and none of the enforced
exclusion keywords.

[00679] The Boolean-like searches can be expanded to text fields in semi-structured
database or structured database search as well. For example, Figure 25C gives a search interface
for searching against a semi-structured database, where there are multiple meta-data fields such
as Title, and Author of text type contents. The “Abstract” field is another text style field, which
can benefit from “free-text” style of queris. A user can specify the free-text query to each of the
fields, and can specify the enforced inclusion and enforced exclusion keywords in the same time.
[00680] Figure 25C Boolean-like query interface for structured databases with text fields.
User can specify a query text (upper larger box) to each of the text fields. He can also specify
keywords to be included or excluded for each of these fields. The inclusion keywords (separated
by “,”) are supported by Boolean “AND” operations. The exclusion keywords are supported by
Boolean “NOT” (e.g. “AND NOT”) operations. A qualified hit must contain all the enforced
inclusion keywords, and none of the enforced exclusion keywords in each of the text fields.
[00681] There are two distinct ways of implementing the above search, namely: 1)
generate a rank list first and then eliminate unwanted entries; or 2) eliminate the unwanted
entries first, and then generate a rank list. We will give outlines about the implementation for

each method here.
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9.5.1 RanKking first algorithm

[00682] In search, all the free-text query information will be used to generate candidate
hits. The hit candidate list is generated using all these query text itoms and a ranking based on
the informational relevance measure within each text field, and across the distinct text fields. The
implementation of the search will be the same as specified in Section 9.3, except we might want
to generate a longer list, as many of the high-scoring hits may violate the additional constraints
specified by the inclusion keywords and exclusion keywords for each of the text field. With a
list of candidates in hand, we will screen them using all the enforced fields (via an operations of
“AND” and “AND NOT”). All the candidates generated using the free-text queries will be
screened against these “AND” fields. Only those left behind will be reported to the user, with a
ranking based on the informational relevance measure the same way as specified in section 9.3.
[00683] From a computational point of view, this method is a little bit expansive. It has to
compute the informational relevance values for many candidates, and eliminate them in the final
stage. Yet, it has a very good side effect: if a user is interested to look at high-scoring hits with
some violations of the enforced constraints, these hits are already there. For example, at the
result page, some of the very high-scoring hits with violations of enforced constraints can be

shown the same time, with an indicator that states the hit contains violations.

9.5.2 Elimination first algorithm

[00684] In this approach, we will eliminate all the candidates that violate any of the
enforced criteria first, and only compute relevance scores for the hits that have all the enforced
fields fulfilled. The candidate list is shorter, hence computation-wise this method will be less
expansive. The only short-coming of this approach is that the hits with violations, no matter how

good they are, will not be visible in the result set.

9.6. Query interface for data with itomic and free-text fields

[00685] In real-world applications, the data nature can be quite complex. For example, a
data collection may contain multiple fields of textual in nature, while also has data that are of
specific types, such as dates, first name, last name, etc. We classify the data fields into two
categories: itomic fields, and non-itomic fields, or free-textual fields (or just textual fields for
short). In an itomic field, data can not be further decomposed; each entry is an itom. For free-
textual fields, the entry can be further decomposed into component itoms. Both itomic fields and

textual fields may be stored inside a relational database, or in table-format files.
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[00686] For itomic field, in a query, we can either enforce or not enforce an itom. This
type of query is shown in Section 9.3, and in Figure 25A. For textual fields, we can specify a
query with free query texts, and apply two additional constraints: the keyword list for enforced
inclusion and enforced exclusion. These types of queries are covered in Section 9.5, and also in
Figure 25B, 25C. Here, we will give out a more general search. We will consider the case where
the field data falls into 2 categories: those of itomic in nature, and those of textual in nature. For
itomic fields, user can enter query itoms, and specify whether to enforce it or not in query. For
textual fields, user can enter free-text queries, and specify itoms for enforced inclusion or
exclusion. The search result set will be ranked by informational relevance of all the query
information, with all the enforced fields fulfilled.

[00687] Figure 25D gives out one example of such a query interface, using the US PTO
data content as an example. In this example, the Patent Number field, Issue date field, and the
information fields for Application, Inventor, Assignee, and Classification, are all of itomic in
nature. We provided the query boxes for the itomic entries, and provide a check box for
“enforced” or “non-enforced” search, with default as “non-enforced”. On the other hand, the
“Title”, “Abstract”, “Claim”, and “Description” fields are textual in nature. Here we provide a
“free-text” query box, where a user can provide as much information as he likes. He can also
specify a few keywords for “forced inclusion” or “forced exclusion”. The search results will be a
ranked list of all the hits based on informational relevance, with all the forced fields fulfilled.
[00688] The implementation of this search is very similar to the outlines we give before.
Namely, there are two approaches: either 1) generate a rank list first and then eliminate
unwanted entries; or 2) eliminate the unwanted entries first, and then generate a rank list. There
are no fundamental differences for the implementation of those search methods then the ones
specified before. They are omitted here.

[00689] Figure 25D. Advanced query interface to US PTO. The content data for a patent
can be grouped into 2 categories: the itomic fields, and the textual fields. For itomic fields, user
can enter query itoms, and specify whether to enforce it or not. For textual fields, user can enter
free-text queries, and specify itoms for enforced inclusion or exclusion. The search result set will
be ranked by informational relevance of all the query information, with all the enforced fields

fulfilled.

I1I. Clustering of unstructured data

10.1 Clustering Search Results
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[00690] For the complex search needs today, simply providing search capacity is not
sufficient. This is especially true if a user chooses to just use a few keywords to query. In such
cases, the result set may be quite large (easily >100 entries), with hits all having similar
relevancy scores. Usually the documents that one cares are scattered around within this set. It
will be very time costly to go through them one-by-one to zoom into the few good hits. It will be
nice if we can figure out how the hits are related to each other. This leads to the clustering
approach, having the search engine organize the search results for you.

[00691] By clustering search results into groups, each around a certain theme, it really
gives you a global view of how this data set is distributed, and likely it will point to a direction of
your refined information need. We provide a unique clustering interface, where the search
segments are clustered using advanced clustering algorithms that are distinct from traditional

approach. We are unique in many aspects:

1) For simple queries, or for well-formatted semi-structural data, we can cluster the entire
result set of documents. There is no specific restrictions on which clustering method, as
most clustering algorithm will be easy to implement, for example, K-mean, or hierarchical
methods. For distance measure, we use our itomic measure. The input to the clustering
algorithms are the itoms and their informatic measure. The output is typical clusters or a
hierarchy of documents. We provide laboring function to label individual clusters or

branches, based on the significant itoms for that cluster or branch.

2) For complex queries, or for unstructured data set, we can cluster the segments in the hit
return, not the documents. The segments are usually much smaller in content, and they are
all highly related to the query topic user provided. Thus, we are clustering on unstructured
data set for your search results. One does not have to worry about the homogeneity of the
data collection. One will get clusters on segments of the data collections only of his

interest.

3) Measuring distance in the conceptual space. The key toward clustering is how distance
is measured in the information space. Most traditional clustering algorithms for textual
data generate clusters based on shared words, putting the quality of these clusters into
question. We perform clustering via a measure of conceptual distances, where the
significance of single word matches is much reduced, and the complex itoms are weighted

much higher.
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4) Assigning unique names to each cluster that is the theme for that collection. The naming
of a cluster is a tricky problem. Because we cluster around concepts instead of words, we
can generate names that are meaningful, and very representative of the theme for the

clusters. Our name label for each cluster is usually concise, and right to the point.
[00692] Figure 26. Cluster view of search results. Segments from a search are passed
through our clustering algorithm. Manageable clusters are generated around certain main themes.

Each cluster is assigned a name that is tight closely to the main theme of that cluster.

10.2 Standalone Clustering

[00693] The information-measure theory for itoms we developed here can be applied to
clustering documents as well, whether the document collection is semi-structured, or completely
unstructured. This clustering may be stand-alone, in the sense it does not have to be coupled with
a search algorithm. In the stand-alone version, the input is just a collection of documents.
[00694] We can generate the itom distribution table for the collection of corpus, the same
we did for the search problem. Then, each itom is associated with an information-measure (a
non-negative quantity), as we have discussed before. This information measure can be further
extended into a distance measure (the triangle inequality has to be satisfied). We will called this
distance measure the itomic distance. In the simplest occasion, the itomic distance between two
documents (A, B) is just the cumulative information measure of the itoms that are not shared
between the two documents (e.g., itoms in A but not in B, and itoms in B but not in A).

[00695] We can also define a similarity measure of the two documents, which are the
cumulative information measure of the shared itoms divided by the cumulative information
measure of itoms in A or in B.

[00696] With the definition of distances and similarities, the classical clustering
algorithms can all be applied. Figure 29 shows the sample output from a simple implementation
of such a clustering approach (K-mean clustering). In Figure 30, we also give a graphic view of
the inter-dependence of the various identified clusters. This is achieved via a modified K-mean
algorithm, where a single document is classified into multiple clusters if there is a substantial
information overlap between the document and the documents in that specific cluster. Labelling
of each cluster is achieved via the identification of itoms that have the most cumulative

information measure within the cluster.
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[00697] Figure 29. Output from a stand-alone clustering based on itomic-distance. Shown
on the left panel are the individual clusters, with labeling itoms. One cluster is highlighted in
blue. In the middle is the more detailed content of the highlighted cluster.On the right-most are
the adjustable parameters for the clustering algorithm.

[00698] Figure 30. Graphical display of clusters and their relationship. By click the
explore cluster map button in Figure 29 will pop up this window laying out the relationship of
various clusters. Distinct clusters are joined together by colored lines indicating there are shared
documents between those clusters. The shared documents are by a single dot in the middle where
the two colored lines join.

[00699] The clustering algorithm can be extended to handle completely unstructured data
content. In this occasion, we don’t want to cluster at the document level, as documents may vary
greatly in length. But rather, we want the clustering algorithm to automatically identify the
boundaries of segments, and assign varies identified segments into distinct clusters.

[00700] We achieve this goal by introducing the concept of paging, and gap penalty. A
page, is just a fragment of a document with a fixed-length that is provided. Initially, a long
document is divided into multiple pages, with overlapping segments between neighboring pages
(about 10%). We then identify the clusters of segments via an iterative scheme. In the first
iteration, the input will be simply the short documents (with size less than or equal to the size of
a page), plus all the pages from large documents. A typical clustering algorithm on this
collection is completed. Now, we will have various clusters of short documents, plus various
pages from long documents.

[00701] We then follow it by page merging step. In this step, pages can be merged. If a
cluster contains multiple neighboring pages from the same document, the pages are merged with
the redundant overlapping segment removed.

[00702] The 3rd step is a boundary adjustment step. Here a penalty is applied to all those
non-contributing itoms for the cluster. Contributing itom for a cluster means they are shared by
multiple documents and are essential in holding that cluster together. A threshold is identified in
determining whether an itom is contributing or not, depending on its occurrence count in the
documents/pages within this cluster, and the information measure of itself. In this way, we will
adjust the boundaries inward, to segments. All the segments are deemed not in the clusters are
returned back to the pool as individual document fragments. Document fragments can be merged
if there are neighboring each other from the same document.

[00703] Now, we can perform the next iteration of clustering. The input will be all the

clustered document fragments, and all the document fragments that does not belong to any
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cluster. We run the above process one more time, and the clusters, the boundaries for each
document fragment will adjust.

[00704] We continue our iteration until 1) the algorithm converges, which means we have
a collection of clusters that do not change in either the clusters or the boundaries of the clustered
document fragments, 2) or stop after a pre-determined threshold or pre-determined number of

iterations. In whatever the scenario, our output will be a cluster of document fragments.

* ok sk ok 3k

[00705] Figure 27 illustrates a database indexing “system” 2700, searching “system”
2710, and user “system” 2720, all connectable together via a network 2750.

[00706] The network can include a local area network or a wide arca network such as the
internet. In one embodiment all three systems are distinct from each other, whereas in other
embodiments the stated functions of two or all three of the systems are executed together on a
single computer. Also, each "system" can include multiple individual systems, for example for
distributed computing implementations of the stated function, and the multiple individual
systems need not even be located physically near each other.

[00707] Each computer in a "system" typically includes a processor subsystem which
communicates with a memory subsystem and peripheral devices including a file storage
subsystem. The processor subsystem communicates with outside networks via a network
interface subsystem. The storage subsystem stores the basic programming and data constructs
that provide the functionality of certain embodiments of the present invention. For example, the
various modules implementing the functionality of certain embodiments of the invention may be
stored in the storage subsystem. These software modules are generally executed by the processor
subsystem. The "storage subsystem" as used herein is intended to include any other local or
remote storage for instructions and data. The memory subsystem typically includes a number of
memories including a main random access memory (RAM) for storage of instructions and data
during program execution. The file storage subsystem provides persistent storage for program
and data files, and may include a hard disk drive, a floppy disk drive along with associated
removable media, a CD ROM drive, an optical drive, or removable media cartridges. The
memory subsystem in combination with the storage subsystem typically contain, among other
things, computer instructions which, when executed by the processor subsystem, cause the
computer system to operate or perform functions as described herein. As used herein, processes

and software that are said to run in or on a computer, or a system, execute on the processor
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subsystem in response to these computer instructions and data in the memory subsystem in
combination with the storage subsystem.

[00708] Each computer system itself can be of varying types including a personal
computer, a portable computer, a workstation, a computer terminal, a network computer, a
television, a mainframe, or any other data processing system or user device. Due to the ever
changing nature of computers and networks, the description of a computer system herein is
intended only as a specific example for purposes of illustrating the preferred embodiments of the
present invention. Many other configurations of a computer system are possible having more or
less components than the computer system described herein.

[00709] While the present invention has been described in the context of a fully
functioning data processing system, those of ordinary skill in the art will appreciate that the
processes described herein are capable of being stored and distributed in the form of a computer
readable medium of instructions and data and that the invention applies equally regardless of the
particular type of signal bearing media actually used to carry out the distribution. Examples of
computer readable media include recordable-type media, such as a floppy disk, a hard disk drive,
a RAM, CD-ROMs, DVD-ROMs, and transmission-type media, such as digital and analog
communications links, wired or wireless communications links using transmission forms, such
as, for example, radio frequency and light wave transmissions. The computer readable media
may take the form of coded formats that are decoded for actual use in a particular data
processing system. A single computer readable medium, as the term is used herein, may also
include more than one physical item, such as a plurality of CD-ROMs or a plurality of segments
of RAM, or a combination of several different kinds of media.

[00710] As used herein, a given signal, event or value is "responsive" to a predecessor
signal, event or value if the predecessor signal, event or value influenced the given signal, event
or value. If there is an intervening processing element, step or time period, the given signal,
event or value can still be "responsive" to the predecessor signal, event or value. If the
intervening processing element or step combines more than one signal, event or value, the signal
output of the processing element or step is considered "responsive" to each of the signal, event or
value inputs. If the given signal, event or value is the same as the predecessor signal, event or
value, this is merely a degenerate case in which the given signal, event or value is still
considered to be "responsive"” to the predecessor signal, event or value. "Dependency” of a given
signal, event or value upon another signal, event or value is defined similarly.

[00711] As used herein, the "identification” of an item of information does not necessarily

require the direct specification of that item of information. Information can be "identified" in a
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field by simply referring to the actual information through one or more layers of indirection, or
by identifying one or more items of different information which are together sufficient to
determine the actual item of information. In addition, the term "indicate" is used herein to mean
the same as "identify".

[00712] The foregoing description of preferred embodiments of the present invention has
been provided for the purposes of illustration and description. It is not intended to be exhaustive
or to limit the invention to the precise forms disclosed. Obviously, many modifications and
variations will be apparent to practitioners skilled in this art. In particular, and without
limitation, any and all variations described, suggested or incorporated by reference in the
Background section of this patent application are specifically incorporated by reference into the
description herein of embodiments of the invention. The embodiments described herein were
chosen and described in order to best explain the principles of the invention and its practical
application, thereby enabling others skilled in the art to understand the invention for various
embodiments and with various modifications as are suited to the particular use contemplated. It
is intended that the scope of the invention be defined by the following claims and their
equivalents.

[00713] What is claimed is:
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CLAIMS

1. A method for searching a database, comprising the steps of: initiating a
first search on the database in response to a first query, the first search generating a plurality of
hits;

ranking the hits in dependence upon an information measure of itoms shared by both the
hit and the first query; and

identifying to a user at least one of the hits selected in accordance with the ranking.

2. A method according to claim 1, wherein the information measure comprises a

cumulative Shannon information score of the itoms shared by both the hit and the first query.

3. A method according to claim 1, further comprising the step of calculating a
respective cumulative information score of the itoms shared by the query and each of the hits,

wherein the step of ranking comprises the step of ranking the hits in dependence upon the
cumulative information score calculated for each of the hits,

wherein the cumulative information score for each given one of the hits is an
accumulation of an information score determined for each particular itom shared by both the
query and the given hit,

and wherein the information score determined for each particular shared itom is a
monotonically non-increasing function of an at least approximate relative frequency of the

particular shared itom in the database.

4. A method according to claim 3, wherein the information score for the particular
shared itom is further a function of the information score of all itoms fully contained within the

particular shared itom.

5. A method according to claim 3, wherein the information score determined for
each particular shared itom is given by -logx(f/Ty), where f is the approximate number of
occurrences of the particular itom in the database, and Ty, is an approximate total number of

itoms in the database.
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6. A method according to claim 3, wherein the information score determined for
cach particular shared itom is given by an accumulation of -log,(fi/Ty), for all i'th itoms fully
contained within the particular itom including itself, where f; is the approximate number of
occurrences in the database of the i'th itom, and Ty, is an approximate total number of itoms in

the database.

7. A method according to claim 3, wherein the cumulative information score for the
given hit counts each particular itom shared by both the query and the given hit only min(n,k)
times, where n is the number of occurrences of the particular itom in the query and k is the

number of occurrences of the particular itom in the given hit.

8. A method according to claim 3, wherein the cumulative information score for the
given hit counts n occurrences of the particular itom in the query and k occurrences of the
particular itom in the hit, at least where k>n, as the information score of the particular itom,
multiplied by n plus a monotonically increasing function of k, where the monotonically

increasing function of k converges on an upper limit as k goes to infinity.

9. A method according to claim 8, wherein the monotonically increasing function of

k is the sum, for i=1,..., (k-n), of (xiﬂ, where o is a predetermined damping factor, 0<=0<I.

10. A method according to claim &, wherein

for k>n and k%n=0, the monotonically increasing function of k is the sum, for i=1,...,
[(k-n)/n], of o,

and wherein for k>n and k%n !=0, the monotonically increasing function of k is ((k-
n)%n)/n*ol ™ plus the sum, for i=1,..., [(k-n)/n], of o,

where a is a predetermined damping factor, 0<=a<1,

where % is the modulo operator,

and where [(k-n)/n] means the integer part of (k-n)/n.
11. A method according to claim 8, wherein the cumulative information score for the

given hit counts the n occurrences of the particular itom in the query and the k occurrences of the

particular itom in the hit, where k<=n, as k times the information score of the particular itom.
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12. A method according to claim 1, wherein the information measure comprises a
percent identity between an information measure of the shared itoms and one of the group
consisting of: (1) an information measure of the query, (2)A an information measure of the hit, (3)
the lesser of an information measure of the query and an information measure of the hit, and (4)

the greater of an information measure of the query and an information measure of the hit.

13, A method according to claim 1, wherein the information measure is inversely
related to the at least approximate probability that the itoms will be shared by both the hit and the
first query purely by chance.

14. A method according to claim 1, wherein the information measure is inversely
related to the at least approximate expected value of the information measure of itoms shared by

both the hit and the first query.

15. A method according to claim 1, wherein the step of ranking comprises the step of
comparing a predetermined function of the angle in an information-measure weighted vector

space that each of the hits makes with the query.

16. A method according to claim 15, wherein the predetermined function is the cosine
function.

17. A method according to claim 1, wherein the step of ranking is performed further
in inverse dependence upon an information measure of itoms in the hit which are between itoms

shared by both the hit and the first query, and which are not in the first query.

18. A method according to claim 1, wherein the step of initiating a first search
comprises the steps of:

developing a correlated itom list for a first itom in the first query, each itom in the
correlated itom list having an associated similarity score with respect to the first itom; and

initiating a search on the database in response to the first query, allowing for substitutions
of itoms from the correlated itom list for the first itom in the first query,

and wherein the step of ranking the hits is performed further in dependence upon the

similarity score of any itom substituted for the first itom in the step of initiating a search.
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19. A method according to claim 18, wherein the correlated itom list includes

synonyms for the first itom.

20. A method according to claim 18, wherein the correlated itom list includes non-

synonyms found in the database to be frequently present in proximity to the first itom.

21. A method according to claim 18, further comprising the step of providing a
similarity matrix of itoms and synonyms therefor, each synonym for a particular itom having an
associated similarity score relative to the particular itom,

and wherein the step of developing a synonym list for each of a plurality of itoms in the

first query comprises the step of extracting the similarity list from the similarity matrix.

22. A method according to claim 1, wherein at least a first one of the itoms shared by

both the hit and the first query contains more than one token.

23. A method according to claim 22, wherein a second one of the itoms shared by
both the hit and the first query overlaps with the first itom, either in the hit or in the first query or
both.

24. A method according to claim 22, wherein a second one of the itoms shared by
both the hit and the first query is wholly contained in with the first itom, either in the hit or in the
first query or both.

25. A method according to claim 1, wherein the step of initiating a first search
comprises the step of searching in the database for each of a plurality of query itoms in the first

query, at least one of the query itoms containing more than one token.
26. A method according to claim 1, wherein the step of initiating a first search
comprises the step of initiating a preliminary Boolean search on the database for at least one

keyword present in the first query.

27. A method according to claim 26, wherein the step of ranking the hits comprises

the steps of:
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identifying a set of at least one query itom in the first query, at least one member of the
set containing more than one token;

determining, for each given one of the hits generated in the first search, which of the
query itoms are shared by the first query and the given hit; and

ranking the hits in dependence upon the information measure of the shared itoms

determined in the step of determining.

28. A method according to claim 27, wherein the step of initiating a first search
comprises the steps of:

initiating a plurality of preliminary searches on the database for respective differing
subsets of the keywords present in the first query, to generate a respective set of preliminary hits
from each of the preliminary searches, one of the preliminary searches being the preliminary
Boolean scarch; and

generating the plurality of hits in dependence upon a combination of the hits in the sets of

preliminary hits.

29. A method according to claim 27, wherein the step of initiating a first search
comprises the steps of:

initiating a plurality of preliminary searches in response to the first query, through a
plurality of different search engines, to generate a respective set of preliminary hits from each of
the preliminary searches, one of the preliminary searches being the preliminary Boolean search;
and

generating the plurality of hits in dependence upon a combination of the hits in the sets of

preliminary hits.

30. A method according to claim 1, wherein the step of initiating a first search
comprises the steps of:

forwarding to a set of at least one external search engine, preliminary search queries
formed in dependence upon the first query, each combination of a preliminary search query and
an external search engine yielding a respective set of preliminary hits; and

generating the plurality of hits in dependence upon a combination of the hits in the sets of

preliminary hits.

165



WO 2007/149623 PCT/US2007/067439

31. A method according to claim 30, wherein at least two of the preliminary search

queries differ from each other.

32. A method according to claim 30, wherein at least two of the external search

engines differ from each other.

33. A method according to claim 32, wherein at least two of the preliminary search

queries differ from each other.

34. A method according to claim 1, further comprising the step of initiating a
preliminary search on the database in response to a predecessor query, the preliminary search
generating a plurality of preliminary hits, the first query being at least a subset of the content of a

user-selected one of the preliminary hits.

35. A method according to claim 34, wherein the step of initiating a preliminary
search comprises a step of initiating a Boolean search on the database for at least one keyword

present in the preliminary query.

36. A method according to claim 34, wherein the step of initiating a preliminary
search comprises the steps of:

identifying a preliminary set of at least one preliminary itom in the preliminary query, at
least one member of the preliminary set containing more than one token; and

identifying, as the plurality of preliminary hits, entries in the database sharing at least one

of the preliminary itoms.

37. A method according to claim 36, further comprising the steps of:

detecting, for each particular one of the hits generated in the preliminary search, which of
the preliminary itoms are shared by the preliminary query and the particular hit; and

ranking the hits generated in the preliminary search in dependence upon an information

measure of the shared itoms determined in the step of detecting.

38. A method according to claim 1, wherein the step of initiating a first search

comprises the steps of:
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selecting a proper subset of the itoms in said first query in dependence upon a relative
information measure of the itoms in said first query; and
initiating the first search in a manner that considers itoms in the subset and ignores the

itoms not in the subset.

39. A method according to claim 38, wherein the step of initiating the first search in a
manner that considers itoms in the subset and ignores the itoms not in the subset, comprises the
step of forwarding to an external search engine itoms in the subset and not itoms not in the

subset.

40. A method according to claim 1, wherein the database includes a set of at least one
table each having a plurality of rows and a plurality of columns,
wherein the first query identifies a plurality of itoms to search for and a column in which

to search for each of the identified itoms.

41. A method according to claim 40, wherein the information measure of each given
one of the itoms shared by both the hit and the first query depends inversely on a relative
frequency of occurrence of the given itom within the column within which, according to the first

query, the given itom was to be searched.

42. A method according to claim 40, wherein the relative frequency of occurrence of

the given itom counts multiple occurrences in a single table cell only once.

43. A method according to claim 40, wherein the relative frequency of occurrence of

the given itom counts each occurrence in a single table cell separately.

44. A method according to claim 40, wherein the set of tables includes a plurality of
tables, wherein two of the columns identified by the first query are located in different ones of
the tables, and wherein the information measure of each given one of the itoms shared by both
the hit and the first query depends inversely on a relative frequency of occurrence of the given
itom within the column within which, according to the first query, the given itom was to be
searched, multiplied by the number of times the given itom would be repeated within such

column if all tables involved in the first query were to be joined by left outer joins.
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45. A method according to claim 40, wherein the first query identifies particular
content as being required for a particular one of the columns,
and wherein the plurality of hits excludes any entry in which the particular column does

not contain the particular content.

46. A method according to claim 40, wherein the first query identifies content as
being required for a particular one of the columns,

and wherein the step of ranking comprises the step of ranking all hits in which the
particular column does contain the particular content above all hits in which the particular

column does not contain the particular content.

47. A method according to claim 40, further comprising the step of assigning a
weighting factor to each of the columns identified in the first query,
and wherein the step of ranking the hits is performed in further dependence upon the

weighting factors.

48. A method according to claim 40, wherein the first query identifies content as
being desired for exclusion in a particular one of the columns,
and wherein the plurality of hits excludes any entry in which the particular column shares

the particular content.

49. A method according to claim 40, wherein the first query identifies content as
being desired for exclusion in a particular one of the columns,
and wherein the step of ranking comprises the step of penalizing the rank of each entry in

which the particular column shares the particular content.

50. A method according to claim 1, wherein the database comprises unstructured text.

51. A method according to claim 1, wherein the database comprises a plurality of
sub-databases,

wherein each sub-database has associated therewith respective itom distribution data,

and wherein the step of ranking the hits comprises the step of, for each given one of the
itoms shared by any hit and the first query, determining an overall relative frequency of the given

itom in dependence upon the itom distribution data associated with all of the sub-databases, the
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information measure of the given itom being inversely related to the overall relative frequency of

the given itom.

52. A method according to claim 50, wherein at least two of the sub-databases are

queried through different nodes on a network.

53. A method according to claim 50, wherein at least two of the sub-databases have

different database schemas.

54, A method according to claim 50, wherein the step of, for each given itom,
determining an overall relative frequency, comprises the steps of:

merging the itom distribution data associated with all of the sub-databases into an overall
itom distribution data set; and

retrieving the overall relative frequency for the given itom from the overall itom

distribution data set.

55. A method according to claim 50, wherein the step of initiating the first search
comprises the step of initiating the first search separately on each of the sub-databases, each sub-
database generating a respective list of zero or more hits,

and wherein the step of, for each given itom, determining an overall relative frequency,
comprises the steps of:

retrieving a respective individual frequency of the given itom from the itom distribution
data associated with each of the sub-databases;

retrieving a respective individual total itomic number associated with each of the sub-
databases;

determining the overall relative frequency for the given itom in dependence upon the

individual frequencies and the individual total itomic numbers.

56. A method according to claim 1, wherein the step of initiating a first search
comprises the step of initiating a first search in which the sequence in which shared itoms appear

in the hit is required to match the sequence in which the shared itoms appear in the first query.

57. A method according to claim 1, wherein the step of initiating a first search

comprises the step of initiating a first search in which the sequence in which shared itoms appear
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in the hit is required to match the sequence in which the shared itoms appear in the first query,
with the exception of allowed variations of a type selected from the group consisting of
insertions, deletions, substitutions and re-ordering,

and wherein the step of ranking the hits imposes a penalty on the rank of each hit in

dependence upon the sequence variations in the hit.

58. A method according to claim 1, wherein the database comprises a plurality of pre-
demarcated entries,

and wherein each of the hits comprises a respective one of the entries.

59. A method according to claim 1, wherein a first one of the hits has a starting
position and an ending position in the database, at least one of the starting and ending position
being determined dynamically in dependence upon the lengths of gaps in the database between

itoms shared by both the first hit and the first query.

60. A method according to claim 59, wherein the step of identifying to a user at least
one of the hits, comprises the step of displaying to a user, in a side-by-side display, both the first
query and the first hit.

61. A method according to claim 59, wherein the step of identifying to a user at least
one of the hits, comprises the step of displaying to a user both the first query and the first hit, the
shared itoms being highlighted in each.

62. A method according to claim 1, wherein a first one of the hits has starting and
ending positions in the database, and wherein the step of initiating a first search comprises the
steps of:

locating itoms from the first query in the database;

locating a first gap in which the database contains no itoms from the first query, the first
gap having a starting and ending position in the database; and

establishing a member of the group consisting of:

the ending position of the first hit in dependence upon the starting position of the first
gap, and

the starting position of the first hit in dependence upon the ending position of the first

gap.
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63. A method according to claim 62, wherein a second one of the hits has a starting
position,

wherein the step of establishing comprises the step of establishing the ending position of
the first hit in dependence upon the starting position of the first gap,

and wherein the step of initiating a first search further comprises the step of establishing

the starting position of the second hit in dependence upon the ending position of the first gap.

64. A method according to claim 62, wherein the step of locating a first gap

comprises the step of locating a gap having at least a predetermined length.

65. A method according to claim 62, wherein the step of locating a first gap
comprises the step of locating a gap having a minimum length which depends inversely on an

information measure of itoms in the gap.

66. A method according to claim 1, further comprising the step of clustering at least a
subset of the hits in dependence upon distances, in an information-measure-weighted distance
space, among the itoms in each of the hits in the subset,

wherein the step of identifying the hits comprises the step of showing the hits of the

subset in groups dependent upon the clusters determined in the step of clustering.

67. A method for searching a database, comprising the steps of:

initiating a first search on the database in response to a first query, the first search
generating a plurality of hits;

ranking the hits in dependence upon an information measure of itoms shared by both the
hit and the first query; and

taking automatic action with respect to at least one of the hits selected in accordance with

the ranking.
68. A method for searching a database, comprising the steps of:

selecting a proper subset of itoms in a first query in dependence upon a relative

information measure of the itoms in said first query;
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initiating the first search on the database in response to the first query, in a manner that
considers itoms in the subset and ignores the itoms not in the subset, the first search generating a
plurality of hits; and

identifying to a user at least one of the hits selected in accordance with the ranking.

69. A method according to claim 68, wherein the step of initiating the first search
comprises the step of forwarding to an external search engine itoms in the subset and not itoms

not in the subset.

70. A method for preparing a first database for searching, comprising the steps of:

developing a list of itoms present in the first database, at least one of the itoms containing
more than one token, and at least one of the itoms constituting less than a full cell in the first
database;

associating with each of the itoms in the list an information measure of the respective
itom; and

associating with each of the itoms in the list an indication of the location of each

occurrence of the respective itom in the first database.

71. A method according to claim 70, wherein the step of developing a list of itoms
comprises the steps of:

identifying a plurality of candidate itoms having at least two tokens each; and

including in the list only those candidate itoms occurring more frequently in the database

than a threshold.

72. A method according to claim 71, wherein the threshold decreases as the number

of tokens in a candidate itom increases.

73. A method according to claim 70, wherein the step of developing a list of itoms
comprises the steps of:

identifying a plurality of candidate itoms having at least two tokens each; and

including in the list only

those candidate itoms occurring more frequently in the database than a first threshold

multiplier times the frequency that would be expected given the frequency of its components,
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and those candidate itoms which occur together more frequently than a threshold

percentage of the occurrences of its components in the database.

74. A method according to claim 73, wherein the step of including only certain

candidate itoms, excludes candidate itoms which are wholly included in other candidate itoms.

75. A method according to claim 70, wherein the step of developing a list of itoms
comprises the steps of:
identifying a plurality of candidate itoms having at least two tokens each; and

including in the list only those candidate itoms which satisfy a chi-square test.

76. A method according to claim 70, wherein the step of developing a list of itoms
comprises the steps of:

identifying a plurality of candidate itoms having at least two tokens each; and

including in the list only those candidate itoms which satisfy a predetermined association
rule test selected from the group consisting of: a confidence test, an all confidence test, an
interest factor test, a cosine test, a correlation coefficient test, an odds ratio test, a Piatetsky-

Shapiro test, a collective strength test, and a Jaccard test.

77. A method according to claim 70, further comprising the step of merging in an
additional database for searching, the step of merging comprising the steps of, for each given
itom in the list which also appears in the additional database:

updating the information measure for the given itom in dependence upon the information
measure of the given itom in the additional database; and

associating with the given itom in the list additional indications of the locations of each

occurrence of the given itom in the additional database.

78. A method according to claim 77, further comprising the step of adding to the list

an itom present in the additional database but not previously present in the list.

79. A method according to claim 77, wherein the first database and the additional

database are accessed through different nodes of a network.
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80. A method according to claim 79, further comprising the step of dividing a master
database into n sub-databases, n>=2, the first database and the additional database being two of

the sub-databases.

81. A computer readable medium for use in searching a first database, the medium
carrying:

a list of itoms present in the first database, at least one of the itoms containing more than
one token, and at least one of the itoms constituting less than a full cell in the first database;

for each of the itoms in the list, an information measure of the respective itom; and

for each of the itoms in the list, an indication of the location of each occurrence of the

respective itom in the first database.

82. A medium according to claim 81, wherein list include only itoms occurring in the

first database more frequently than a threshold.

83. A medium according to claim 82, wherein the threshold decreases as the number

of tokens in the itom increases.

84. A medium according to claim 81, wherein the list of itoms includes only:

itoms occurring more frequently in the first database than a first threshold multiplier
times the frequency that would be expected given the frequency of its components,

and itoms which occur together in the first database more frequently than a threshold

percentage of the occurrences of its components in the first database.

85. A method for searching a database, comprising the steps of:

initiating a first search on the database in response to a first query, the first search
generating a plurality of hits, at least a first one of the hits having a starting and ending position
determined dynamically in dependence upon an information measure of itoms shared by both the
first hit and the first query, the first hit constituting less than a full entry in the database; and

displaying the first hit to a user.

86. A method according to claim 85, wherein the step of displaying further comprises

the step of displaying the first query to the user.
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87. A method according to claim 86, wherein the first query and the first hit are
displayed in a side-by-side display.

88. A method according to claim 86, wherein the step of displaying further comprises

the step of highlighting, in both the first query display and the first hit display, all shared itoms.

89. A method according to claim 85, wherein the starting and ending positions of the
first hit are determined dynamically in dependence further upon an information measure of itoms

in the hit not shared with the first query.

90. A method according to claim 85, wherein the starting and ending positions of the
first hit are determined dynamically in dependence further upon an information measure of

tokens not within itoms shared with the first query.

91. A method according to claim 85, wherein the step of initiating a first search
comprises the steps of:

identifying initial starting and ending positions for the first hit; and

iteratively adjusting at least one of the starting and ending positions by increments until a
determination is made that further adjustment in the same direction would reduce a net
information value of shared itoms in the first hit, the net information value being positively

dependent upon an information measure of the shared itoms included in the hit.

92. A method according to claim 91, wherein the net information value is also

negatively dependent upon an information measure of itoms in the hit not shared with the first

query.

93. A method according to claim 91, wherein the net information value is also
negatively dependent upon an information measure of tokens not within itoms shared with the

first query.
94. A method according to claim 85, further comprising the step of displaying to the

user a display segment of the first query, the display segment having starting and ending

positions in the first query, the starting and ending positions having been determined
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dynamically in dependence upon an information measure of itoms shared by both the first hit and

the display segment of the first query.

95. A method according to claim 94, wherein the starting and ending positions of the
display segment are determined dynamically in dependence further upon an information measure

of tokens not within itoms shared by both the first hit and the display segment of the first query.

96. A method according to claim 94, wherein the step of displaying a display segment
of the first query comprises the steps of:

identifying initial starting and ending positions for the display segment; and

iteratively adjusting at least one of the starting and ending positions by increments until a
determination is made that further adjustment in the same direction would reduce a net
information value of shared itoms in the display segment, the net information value being
positively dependent upon an information measure of the shared itoms included in the display

segment.

97. A method for searching a database, comprising the steps of:

developing a synonym list for a first itom in a first query, each synonym in the synonym
list having an associated similarity score;

initiating a search on the database in response to the first query, allowing for substitutions
of synonyms from the synonym list for the first itom in the first query, the first search generating
a plurality of hits;

ranking the hits in dependence upon the similarity score of any synonym substituted for
the first itom in the step of initiating a search; and

identifying to a user at least one of the hits selected in accordance with the ranking.

98. A method according to claim 97, further comprising the step of providing a
similarity matrix of itoms and synonyms therefor, each synonym for a particular itom having an
associated similarity score relative to the particular itom,

and wherein the step of developing a synonym list for each of a plurality of itoms in the

first query comprises the step of extracting the similarity list from the similarity matrix.

99. A method for searching a database, comprising the steps of:
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initiating a first search on the database in response to a first query, for hits in which at
least one itom is shared by both the hit and the first query; and

identifying to a user at least one of the hits,

wherein at least a first one of the itoms shared by both the first query and a first one of
the hits contains more than one token,

and wherein a second one of the itoms shared by both the first hit and the first query

overlaps with the first itom, either in the hit or in the first query or both.

100. A method according to claim 99, wherein the second itom is wholly contained in

with the first itom, either in the hit or in the first query or both.

101. A method for searching a database, comprising the steps of:

developing a plurality of preliminary queries in dependence upon a provided first query,
at least two of the preliminary queries differing from each other;

forwarding the preliminary queries to a set of at least one external search engine, each
combination of a preliminary search query and an external search engine yielding a respective
set of preliminary hits; and

identifying to a user at least one of the hits returned from at least one of the preliminary

queries.

102. A method according to claim 101, wherein the step of developing a plurality of
preliminary queries comprises the steps of:

identifying a plurality of itoms in the first query;

selecting a subset of the plurality of itoms in dependence upon an information measure of
the itoms; and

selecting keywords for each of the preliminary queries from the itoms in the subset.

103. A method according to claim 102, wherein the step of selecting a subset of itoms
comprises the step of selecting a predetermined number of the highest information measure

itoms from the plurality of itoms.

104. A method according to claim 102, wherein the step of selecting keywords
comprises the steps of selecting a respective particular number of the keywords for each of the

preliminary queries randomly.
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105. A method according to claim 101, for use with a first list of itoms each having an
associated information measure, wherein the step of further comprising the steps of:

enhancing the information measures associated with itoms in the first list in dependence
upon the frequencies of appearance, in the hits returned from the preliminary queries, of the
itoms in the first list; and

ranking the hits returned from the preliminary queries in dependence upon the enhanced

information measures.

106. A method according to claim 105, further comprising the step of enhancing the
first list of itoms with itoms in the hits returned from the preliminary queries and not previously

in the first list.

107. A method according to claim 101, wherein at least two of the external search

engines differ from each other.

108. A method for organizing segments in a subject database for presentation to a user,
comprising the steps of:

clustering the segments in dependence upon an information measure of itoms in each of
the segments; and

identifying the segments to the user in clusters determined in the step of clustering.

109. A method according to claim 108, wherein the step of clustering comprises the
steps of:

for each pair of first and second ones of the segments x and y, determining a distance
between them given by d(x, y) = Zix; + Zjy;, where x; are information measures of itoms i that are
in the first segment but not in the second segment, and where y; are information measures of
itoms j that are in the second segment but not in the first segment; and

clustering the segments in dependence upon the distances.

110. A method according to claim 108, further comprising the steps of:
initiating a first search on a greater database in response to a first query, the first search
generating a plurality of hits,

wherein the segments in the subject database constitute hits in the plurality of hits.
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111. A method according to claim 110, further comprising the step of ranking the hits
in a particular one of the clusters in dependence upon an information measure of itoms shared by
both the hit and the first query,

and wherein the step of identifying the segments to the user in clusters comprises the step
of identifying to the user at least one of the hits in the particular cluster selected in accordance

with the ranking.

112. A method according to claim 108, wherein the step of clustering the segments
includes a step of determining a starting and ending position for a particular one of the segments

dynamically in dependence upon an information measure of itoms in the particular segment.

113. A method according to claim 112, wherein the step of determining a starting and
ending position for the particular segment comprises the steps of:

identifying initial starting and ending positions for the particular segment; iteratively
extending at least one of the starting and ending positions by increments until a determination is
made that further expansion would reduce a net information value of the segment, the net
information value being positively dependent upon an information measure of itoms included in

the segment, and negatively dependent upon tokens not in an itom.

114. A system for use with a database, the system comprising:

a memory; and

a data processor coupled to the memory, the data processor configured to:

initiate a first search on the database in response to a first query, the first search
generating a plurality of hits;

rank the hits in dependence upon an information measure of itoms shared by both the hit
and the first query; and

identify to a user at least one of the hits selected in accordance with the ranking.

115. A system for use with a database, the system comprising:

a memory; and

a data processor coupled to the memory, the data processor configured to:
initiate a first search on the database in response to a first query, the first search

generating a plurality of hits;
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rank the hits in dependence upon an information measure of itoms shared by both the hit
and the first query; and
take automatic action with respect to at least one of the hits selected in accordance with

the ranking.

116. A system for use with a database, the system comprising:

a memory; and

a data processor coupled to the memory, the data processor configured to:

select a proper subset of itoms in a first query in dependence upon a relative information
measure of the itoms in said first query;

initiate the first search on the database in response to the first query, in a manner that
considers itoms in the subset and ignores the itoms not in the subset, the first search generating a

plurality of hits; and

identify to a user at least one of the hits selected in accordance with the ranking.

117. A system for use with a database, the system comprising:

a memory; and

a data processor coupled to the memory, the data processor configured to:

develop a list of itoms present in the first database, at least one of the itoms containing
more than one token, and at least one of the itoms constituting less than a full cell in the first
database;

associate with each of the itoms in the list an information measure of the respective itom;
and

associate with each of the itoms in the list an indication of the location of each

occurrence of the respective itom in the first database.

118. A system for use with a database, the system comprising:

a memory; and

a data processor coupled to the memory, the data processor configured to:

initiate a first search on the database in response to a first query, the first search
generating a plurality of hits, at least a first one of the hits having a starting and ending position
determined dynamically in dependence upon the lengths of gaps in the database between itoms
shared by both the first hit and the first query, the first hit constituting less than a full entry in the

database; and
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display the first hit to a user.

119. A system for use with a database, the system comprising:

a memory; and

a data processor coupled to the memory, the data processor configured to:

develop a synonym list for a first itom in a first query, each synonym in the synonym list
having an associated similarity score;

initiate a search on the database in response to the first query, allowing for substitutions
of synonyms from the synonym list for the first itom in the first query, the first search generating
a plurality of hits;

rank the hits in dependence upon the similarity score of any synonym substituted for the
first itom during the search; and

identify to a user at least one of the hits selected in accordance with the ranking.

120. A system for use with a database, the system comprising:

a memory; and

a data processor coupled to the memory, the data processor configured to:

initiate a first search on the database in response to a first query, for hits in which at least
one itom is shared by both the hit and the first query; and

identify to a user at least one of the hits,

wherein at least a first one of the itoms shared by both the first query and a first one of

the hits contains more than one token,

and wherein a second one of the itoms shared by both the first hit and the first query

overlaps with the first itom, either in the hit or in the first query or both.

121. A system for use with a database, the system comprising:

a memory; and
a data processor coupled to the memory, the data processor configured to:
develop a plurality of preliminary queries in dependence upon a provided first query, at

least two of the preliminary queries differing from each other;

forward the preliminary queries to a set of at least one external search engine, each
combination of a preliminary search query and an external search engine yielding a respective

set of preliminary hits; and
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identify to a user at least one of the hits returned from at least one of the preliminary

queries.

122. A system for use with a database, the system comprising:

a memory; and

a data processor coupled to the memory, the data processor configured to:

cluster the segments of a subject database in dependence upon an information measure of
itoms in each of the segments; and

identify the segments to the user in groups corresponding to the clusters.

123. A method for searching a database, comprising the steps of:

providing a first query to a search engine; and

receiving a report from the search engine of at least a selected hit, the selected hit having
been selected in dependence upon an information measure of itoms shared by both the hit and

the first query.

124. A method for searching a database, comprising the steps of:

providing a first query to a search engine; and

receiving a report from the search engine of a set of at least one hit, the set of hits having
been selected in response to the first query, in a manner that considers itoms in a proper subset of
itoms in a first query and ignores the itoms not in the subset, the subset having been selected in

dependence upon a relative information measure of the itoms in said first query.

125. A method for searching a database, comprising the steps of:

providing a first query to a search engine; and

receiving a report of at least a first hit, the first hit having a starting and ending position
determined dynamically in dependence upon an information measure of itoms shared by both the

first hit and the first query, the first hit constituting less than a full entry in the database.

126. A method for searching a database, comprising the steps of:
providing a first query to a search engine; and
receiving a report of at least a first hit, the first hit having been selected from the database

in dependence upon a similarity score of a synonym substituted for an itom in the first query, and
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further in dependence upon an information measure of itoms shared by both the first query and

the hit.

127. A method for searching a database, comprising the steps of:

providing a first query to a search engine; and

receiving a report of at least a first hit in which at least one itom is shared by both the hit
and the first query,

wherein at least a first one of the itoms shared by both the first query and the first hit
contains more than one token,

and wherein a second one of the itoms shared by both the first hit and the first query

overlaps with the first itom, either in the hit or in the first query or both.

128. A method for searching a database, comprising the steps of:

providing a first query to a search engine; and

receiving a report of at least a first hit, the first hit having been returned by a second
search engine in response to one of a plurality of preliminary queries developed in dependence

upon the first query, at least two of the preliminary queries differing from each other.

129. A method for observing segments of a subject database, comprising the step of
observing the segments as clustered in dependence upon an information measure of itoms in

cach of the segments.
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File Edit 4£iew Go  PBockmarks Tools Help

g-infe,3302.0rg viername.php o E) Go 2,

© -

Usernams;

Password: 1

If you don’ t have an account yet, please create an account,

Forpgot Password

If you forget your paseword, please enter your email address
below., Your account info will be mailed to the address
immediately.

Bmail: | [Send]

If you want to uperade vour account for advanced gearching
features, please send an email to: ftanz@infovell. com

rrer seavth, pirmse semizsy Higpediofoeerl sosopd

Dons - ; ; @& 1 Adblock

--------

User login page for access to Infovell's full-text as query search engine. A
user can create his own account, and can obtain his password if he forgets.

Figure 14
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Query: keywords, or a3 webpage address, or full text.

MEDLINE

DNA microarray gene expression

Display Result: Osimple @ advance

vright 2005 Infovelll Ine, All rights resarved,
If yvou have any problem or question conterning your gearch, plesze contact Grace Yang at Infovell, 2065 b

|
I
[ Search || Clear ][ Options | t
|

@ M %dbloﬁk

A keyword query to the Medline database. On the top of the main page (not visible here)
a user can select the database he wants to search. In this case, the user selected
MEDLINE database. He inputs some keywords for his search. On the bottom of the
page, there is links to US-PTO, Medline, etc. These links bring user to the main query
pages of these external databases.

Figure 15A
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INFOVELL 0 D |

Infovell Full-text as Query Search Engine 1.0
Referencs:
Tang, Y., Yang, Y., Data search emploving metric spaces, multigrid indexes, and B-grid trees (2003). US Patent 6,536,849,

Database:

MEDLINE is a database of the Mational Ubrary of Medicine, USA. It includes abstracts for biomedical articles back to the 1950's.
MEDLINE 2008: 14,757,528 entries; 767,392,154 words; 11,075,960,832 characters; 300,710,431 phrasze.

50 entries producing significant matches:

Primary_id Title 81_score word_%:

Alpha-Methylacyl-CoA racemase: a novel tumor marker over-expressed in several
human cancers and their precursor lesions.

e8] )
11213181 lenng Zhou Arul. M. Chinnaiyan Celina,G.Kleer Peter.C.Lucas Mark.A Rubin 22.3 7.03%
Am ) Surg Pathol 2002 Jul;26{7):926-31.
A comprehensive analysis of the expression of crystallins in mouse retina.
2. 12949468 |Jinghua.Xi Rafal.Farjo Shigeo. Yoshida Timothy.5.Kern Anand.Swaroop Usha.P.Andley 24.6 2.68%
Mol Vis 2003 Aug 28/9():410-9, e e
Reconstitution of dna synthetic capacity in senescent normal human fibroblasts by
3. 11640850 |eXPressing ceflular factors E2F and Mdm2. 15,7 3.93%

S.5arraj R.Fark R.E.Martell
Exp Cell Res 2001 Nov 1;270(2):268-76.

[Dna synthesis and expression of steroid receptors in cells of human breast

carcinomal o
4. 8927495 o simone A.Mangia S.Petroni F.Marzullo A.Paradiso £.Schittuli 15.7 3.17%

Pathologica 1996 Apr;88{2):111-6.

The summary response page from the keyword query. On the left side the "Primary_id"
column has a link (called left-link, or highlight link). It points to the hightlight page (Figure
15C below). The middle link is the external data link (source of the data in MedLine in
this case), and the "SI_score" column, (called the right link, or the itom list link) is a list of
matched itoms and their information amounts. Last column shows the percentage of
word matching.

Figure 15B
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rang-info.332z.0rg- In

{ssue Date: .
Application Serial Humber: .
Application Date: .

inventors: Li, Yin Xiong, {Durham, NC)
LREP Attorney or Agent: .
Assignee: .

EXP Primary Examiner:

EXA Assistant Examiner:

Tide: Gene profiling of single or multiple cells.

Abstract: An mRNA is amplified by {a) hinding a first primer to a target mRNA, the first primer comprising. in the § to 3 direction, a first
known segment and an oligo T segment: {b} transcribing & cDHA from said target mRMA by elongation of said first prinser with reverse
transcriptase; and then {c] linking a second known segment to the 3" terminus of said cDMNA. In a preferred embodiment the step of
transcribing a cONA from said target mRINA is caried out o that at least one additional C residue s produced on the 3 terminus of said
cDNA, and the said step of linking a second known segment to the 3 terminus of said cDNA is carded out by (i} binding 2 secend bridge
primer to said cDNA, said second primer comprising. in the 5 to 3 direction. a second known segment and at [east one G residue. said
second primer having an inactivated G residue on the 3 terminus thereof, and then (i} further transcribing said cDHA frem second bridge
primer by elengation of said at least one additional C residue with reverse transcriptase so that a cDNA is produced having said first known
segment on the § terminus thereof and said second known segment on the 3 terminus thersof. The methed can be used to amplify o
plurality of mRIAs together. even though a small sample of mRMAs is available such as obtained from a single cell or multiple cells
obtained by laser capture microdissection from tissue or organs. and the product of the amplification then used for gene family analysis or
microarray expression analysis.

Dome L o B B s @ ™M Adblock

Left-link showing matched keywords between query and hit. The query words are listed
on top of the page (not visible here). The matching keywords are highlighted in red color.

Figure 15C
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ozilla Firefox

INFOVELL

Infovall Full-text as Query Search Engine 1.0

Reference:

Tang, Y., Yang, Y., Data search employing metric spaces, multigrid indexes, and B-grid trees (2003]). US Patent
6,636,849,

-

PHID: 200506118602

Length = 281

Shannon information score = 102
p-value = 2 42e-31

Precentage of shared words = 926X

Itom fInfaor::;\:i:m '{Freq_in_quer‘v !Fm g in_hit 8I_Score
cdna | 70.6 1 8 21.6+14.1+10.6+8.0+6.0+4.5+3.4+2.5
microarrai;  18.9 1 1 18.9
profil 12.3 ] 1 1 12.2
Caopyright 2005 Infovell! Inc. &ll rAghts reserved.
1f vou have sny prablemz or questions with the razulte of this seareh, plesze contact ttang@infovell.com st Infovell. 2008 ‘e
Done ‘ & M Adblock

The itom-list link, also known as the right-link. It lists all the itoms (keywords in this case),
their information amount, frequency in query and in hit, and how much it contributed
toward the Shannon information score in each time of its occurrences. The Sl_score for
each occurrence is different is because of the implementation of information damping in
keyword-based searches.

Figure 15D
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File Edit Yiew Go Bookmarks Tools Help

s fi:‘r _3 hetp tang-info.z3ea.orgindex_o.phptname=tiangkdb=pt ﬂ %)Ga gEn
- [Mba

l L2 4 “ INTERNET “ ug PrTa ” MEDLINE IE‘&QE&N?SFIQ Ll?ﬁﬁ&‘ruﬁﬁﬁ\i

Query: keywords, or a webpage addrass, or full text,

USPTO }

An oRNA ig amplified by (a) binding a first primer to a target nRNA, s
the first primer comprising, in the 5 to 3 direction, a first known
lsegment and an oligo T segment; (b) transcribing a <DNA from said
target mRNA by elongation of said first primer with reverse
transeriptase; and then (¢) linking a second known segment to the 3°
terminus of said <DNA. In a preferred embodiment the step of P
transcribing a ¢DNA from said target mRMA is carried out so that at '
least one additional C residue is produced on the 3° terminus of said |
INA, and the said step of linking a second known segment to the 3 B
terminus of said ¢DNA is carried out by: (i) binding a second bridge
primer to said cDNA, said second primer comprising, in the 5 to 3
direction, a second known segment and at least one G residue, said
second primer having an inactivated G residue on the 3° terminus
thereof; and then (ii) further transcribing said cDNA from second

bridge primer by elongation of said at least one additional C residue
with reverse transcrintase an that a cHA is nraduced having aaid firat ¥

[ Search H Clear || Options |

Display Result: O simple @ advance

a

!

e : ’ : @ ™M Adick

e L]

Full-text query in another search. Here the user's input is a full-text taking from the
abstract of a published paper. The user selected to search US-PTO patent database this

time.

Figure 16A
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INFOVELL (o) (o) -

Infovell Full-text as Query Search Engine 1.0 [[=n. 15, 100Z]
Reference:
Tang, Y., Yang, Y., Data search amploying metric spaces, multigrid indexes, and B-grid trees (2003}, US Patent 6,626,849,

Database:

USPTO is a database of the United States Patent and Trademark Office.lt includes abstracts back to the 1976's. USPTO
2005; 2,138,760 entries; 138,382,062 words; 2,595,025,951 characters; 41,060,560 phrase.

50 entries producing significant matches:

Primary_id Title &SI _score lword_%

Gene profiling of single or multiple cells

.’122)0501186132 Li, Yin-Xiong ;{Durham, NC) 919 71.8%
———— |Application Serial Number: Application Date:October 8, 2003 Assignee:

Method to clone mRNAs

Warthoe; Peter Rolf (Copenhagen, DKX) sea -
2. 8261770 Application Serial Number:0688606 Application Date: 19980519 Assignee:Display Systems 282 16.9%

_[Biotech ApS (Copenhagen, DKX)
3 Mrna amplification
. A _ N .

20040029124 Zohinhofer, Dietlind ;{Munchen, DE} 263 18.2%

Application Serial Number: Application Date:February 13, 2003 Assignes:

Method for simultaneous identification of differentially expressed mRNAs and
4, measurement of relative concentrations 20 10.6%
200201275871 |Sutcliffe, J. Gregor ;(Cardiff, CA) =2 S
Application Serial Number: Application Date:September 25, 2001 Assignes:

: 'Method for simultanenus identification of differentially exoressed meNAs.and [ ;

Done : ‘ @ P Adplock

[ LI O -f SRR © N & 1

Summary page from a full-text as query search against the US-PTO database
(containing both the published applications and issued patents). The first column
contains the primary_id, or the patent/application ids, and has a link, called the left-link,
the highlight link, or the alignment link. The second column is the title and additional
meta-data for the patent/application, and has a link to the US-PTO abstract page. The
third column is the Shannon information score, and has a link to itom list page. The last
column is the percent identity column.

Figure 16B
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@ LG De B

] Hit Text

{ Query Text [

&n nREA iz amplified by (a) binding & first primerte a
target mRHA, the first primer comprising, in the §° to ¥
direction, a Tirst knowm segment and an oligo T segment:
{b) transeribing a cOMA from zaid target mRNA by
elongation of said first primer with reverse
transcriptase; and then {c) linking a2 second known
zegnent to the 3 terminug of said ¢DHA. In & preferred
embodiment the step of transcribing a cDHA from said
target mRMA i3 carried out so that at least one
additional C residue is produced on the 3’ terminus of
said cOHA, and the said step of linking a second known
segment to the 3 terminus of said cDMA is carried out
by: (i) binding & second bridge primerto said cDHA, said
second primer comprising, in the § to 37 direction, a
second known segment and at least one G residue, said
second primer having an inactivated ¢ residue on the ¥
terninus thereoef: and then (ii) further transeribing
said ¢DNA from second bridge primer by elongation of
zaid at least one additional C residue with reverse
transcriptase so that s ¢OHA is produced having said
first known segment on the § terminus thereof and said
second known segment on the 3 terminus thersof. The
method can be used to amplify a plurality of nRNAs
together, even though a small sample of sfllds is
available such as obtained from a single cell or
mualtiple cells obtained by laser capture microdissection
from tizsue or organs, and the preduct of the
amplification then used for gene family analysis or
microarray expression analysis,

vorume: of
Tssue: 2

ArticleTitle: Comparative PCR: a simple and senszitive
method for quantifying low abundance nRNA species.

MedlinePgn: 140 5

Author: Y.Omori A Tenigami 5. Suganc
PublicationType: Journal Article

HedlineJournal Infomation: Country: UNITEDR STATES
MedlineTA: Genomics NlmUniquelD: 8800138

Sbstract: To measure low sbundance messenger RN&
species conparatively, we develeped a zimple and
highly sensitive quantification method designated
comparative PCR. Messenger RlNAs from two samples were
converted into ¢DMAS with modified oligo(dT) primers
{designated RT primers) containing a sanple specific
sequence and a common sequence. After sgual amounts of
the cDHNAs vere mixed together, a target gene was
amplified by competitive PCR with additional primers: a
gene specific primer and a primer consisting of the
common sequence of the RT primers, The amplified
products were wisualized by the final PCR, designated
fluorescence PCR, with an additional three primers: two
different fluorescence labeled primets consisting of
the sample specific sequence within the RT primers and
a nested gene specific primer, Expression levels of the
target gene in the twe sanples were measured by
calculating ratios of two different fluorescence
intensities. We could guantify 0.1 0.3 copies of the
target mRNA per cell from only 0.5 ng of poly(4)(+)
RN for a single detection. This system should be
ugeful for sensitive neasurement of zcarce transcripts

Left-link, or the alignment link showing the alignment of query text next to the hit text.
Matching itoms are high-lighted. A highlighted text in red color indicates a matching
word; and a highlighted text in blue color indicates a matching phrase.

Figure 16C
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@fﬁgez%bﬁied “Mozilla Firefox oeg
File Edit Yiew Go Sockmarks Tools Help
‘%éﬂ - @ (2 httprowww.ncbinlmonihogor entres query.fegifemdeRetrievekdbepubm ;:l xé: Go [

!
- fa o

» IReview 0 %]

Text Version E ‘ %l
1: Genonues, 2000 Jal 13,6702%140-5, Related Articies Links
Entrez PubMed ~Ia Gz, SO0 ) A

- Overview EULLTEXTRRTICLE
l;::gﬁ:;so Comparative PCR: a simple and sensitive method for quantifving Jow-abundance
New/Noteworthy mRNA species. |
E-Utilities %

) Qmont Y, Tamieami A, Sugano §. ‘
PubMed Services [
Journals Database . . X o o . . ;
MeSH Daiabase Deparunent of Virology, Institute of Medical Science, University of Tokyo, 4-6-1 Shirokane-dad, |
Single Citation Mmato-ku, Tokvo, 108-8639, Japan. |
Matcher !
Batch Citation Matcher 3 ‘ . , ) ;
Clinical Queries To measwre low-abundance messenger RINA species comparatively, we developed a simple and highly ;
gpigal Queries sensitive quantification method designated comparative PCR. Messenger RN As from two samples were |
M;‘ Ncuéi converted into cDNAs with modified oligo(dT) primers (designated RT primers) containing a sample-specific =
sequence and a common sequence. After equal amounts of the cDNAs were mixed together, a target gene |
Related Resources was amplified by competitive PCR with additional primers: a gene-specific primer and a primer consisting of
Order Documents the common sequence of the RT primers. The amplified products were visualized by the final PCR,

m ggg:zg designated fliorescence PCR, with an additional three primers: two different fluorescence-labeled primers
NLM Gateway consisting of the sample-specific sequence within the RT primers and a nested gene-specific primer.
TOXNET Expression levels of the target gene in the two samples were measured by caleulating ratios of two different
' gg:;:]m;;:;eam fluorescence intensities. We could quantfy 0.1-0.3 copies of the target mRNA per ¢ell from only 0.3 ng of
' ClinicalTrials.gov polv(AX(=) RNA for a single detecton. This svstern should be useful for sensitive measurement of scarce
PubMed Central wranseripts from small samples with a limited amount of RNA such as biopsy specimens. Copyright 2000

Academic Press.

PMID: 10903838 [PubMed - indexed for MEDLINE]

| Disptay Abstact _vishow 20 v] Sontby vl Sendio v - LK

@ (1 Adblock |

The middle link page, or the title link page. It points to the external source of the data, in
this case it is an article appeared in Genomics.

Figure 16D
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r’@ﬁymﬁftag%”;ﬁfg g.org- Infovell - Mozilla Firefox
1 g 33 4
£ 5@ L@ DeD

SEE—
i

Precentage of shared words = 14%

Itom In;‘:;’;‘:éf" Freq_in_query | Freq_in_hit SI_Score
target mRNA 204 3 1 20.4
small sampl 17.4 i 1 1 17.4
primer 15.7 7 7 110
amplif . 147 ﬂ 2 1 14.7
CDNA 14.2 ! 8 2 28.3
addit 106 | 2 2 211

Al

Cogyright 2005 Infovell' Inc. All rights rezservad,
If you have any problems or questions with the results of this zearch, pleasze contact Hang@infovell.com at Infovell, 2005 L

The itom-list link, or the right-link. It lists all the matched itoms between the query and
hits. The information amount of each itom, their frequency in query and in hit, and their
contribution to the total amount of Shannon information in the final SI_score.

Figure 16E
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[ Edit Your Profile ]

f & ¥ “ IMTERNET ], uE PTOo M MEDLINE Mamﬁmrwm LITERATURES }
H i

P

Quary: keyvwords, or a webpage address, or full text.

EHET, BARIAEREE, ~

AR B A, BEXHETNIA, SHED, FH—8, AR
BFTLEAT, REEHME, SESH ‘HETEL 7, MRENRO
R, HRKBENERMS, A/, EXHDE, EANERMLE,
ERLT AR B, e NEYREFABEX S TR, MART
AP AB AR E TINEE, [EHER AL S I AR AR B Aot
[R5 REERENE S, LR ASRT R AN BRI RET
SIHEREIG—BRR, SRAH BECIXIE R LRSS RESIIN
I EESBEESSESTRNESTELANO Y EAET AR

L ERNA PHIRGEE, EihE—EEREER N A—k FAIRE.
ARIEG TR VbR A S R0k, (AT AR A b
FATBEECHBNARY, MEESHEUNERE, L5 AKMIRITE
BOELMIONE S RBUMIEET, RENERE T IR LK, BalhE
[RrIBRENOTE, BOERE T REFAOY: BRDEENERETZFEE |

PR AL I e g Ead e e i g

( Search | [ Clear || Options }

Display Result: Osimple © advance

[ uspro [

_ Medline { Chinesepvatents | PCT . Scientific Literatures

] . Copyright 2005 Infovell Ino. All rights reserved.
If you have any prablem or guestion tonserning your search, please sontact Grace Yaug at [nfovell, 20035

Example showing searching using a Chinese BLOG database with localized alignments.
This is the query page.

Figure 17A
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Infovell Full-text as Query Search Engine 1.0
Referance:
Tang. Y., Yang, Y., Data search employing metric spaces, multigrid indexes, and B-grid trees {2003), US Patent 6,636,849,

Database:
504 EELE:
Fs R é%x“i k o (Local_scéré itor?i;ﬂfé ;Global_scﬁré

1. 94852 la,sxzmmf 3.27e+03 99.2%% 3.08e+03
jz. 47827 i?ﬁi‘iiﬁllm 1,9e+03 59.2%% 1.732+03
3. 60682 %mvlﬁﬁ‘tﬁ ERIER) 1.866+03 65.6%§ 1.9e+03
4 153472 :Pﬂ@%fﬁ'iﬁ’séwa‘—ﬁmt%ﬁ 1.63e+03 62%: 1.77e+03
s 76502 weE (gD 1.57+02 63%«1i 1.95e+03
6 145969 é%-ﬁ. EETROET~—HH 1.39e+03 57.9%. 1.67e+03
7. 32740 E‘E-.‘a*l' SW—EY TR 1.36e+03 56.5% 1.63e+03
8, 50365 ?ﬁ-ff{]fﬁ'{%’”‘%: (5 —1 305 BAMIBIEEE (230 1.296+03 57.3% 1.66e+03
9. 60001 %ﬁkﬁ) =4 30FBAMIBAEE (2 —REEEN. REE EEHST 1.298+02 §7.3% 1.66e+03
10. 105270 E-—’;‘ao?%)\maém@% (EB—E, BYESK) 1.29e+03 s4.3%i 1.58e+03

Summarized return page from the query in 17A. The right-side contain 3 columns: the
localized score, the percent of itoms identical, and the global score is on the right-most
column.

Figure 17B
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INFOVELL

Infovell Full-text as Queary Search Engine 1.0
Refarence:
Reference: Tang, Y., Yang, Y., Dsta search employing matric spaces, multigrid indexes, and B-grid trees (2003). US Patent 8,836,649,

Fisbal Al sment

] Query Text } Hit Text

High scoring segmant 1 SEARAE  3HSWSIDB: RIRE]
l }LGqth = 2133 Words, Global_score = 3080.16.
1. EHEE, BARAMREE ‘Percent Identities = 499/503/99.2%)

} TRIAA R ERA . 1‘2&%@1_1‘ PITA, =+1E0, FH—8, ,

PARDETARLEART, AEELERE: SN "a8TER" ¥ High scoring segment 1Length =804 Words, SI_Score = 2.68+03.
%Bﬁﬁ%&ﬂdﬁﬁﬁ» FREFARMERA L B2, TR \p"rcent Identities = 392/503{77.9%} :
P, ERNEEMAE FATTETOEHEET. RE28ERS :
BREMEREILZFGHR STROFLEERPFNFETRE 78 ... RREEWENIA, S4+80 %8 TARNETFRERT, AEHER
B, BEEEMEITUZRAEANGES STRAEEIEZE T, SEENORTERY REEHENAHE, FREETHERER BN
FEEAFE RERTEERASRREAEANKERIRAETER =+A, ER1TETR. TROFENRE, FATTETROKLTR. H0NE
iﬁﬂm%iﬁfiii' RS EENMETR AN EREE PREMEBEXSTEH L RTRABEEUHF WL TIED, CoE
AORW EESNITRAENIRNESHTEZNNO0X. R MROTUSGANEANGER EFRAGTRERFENES, BRETELH
ABTFAERZ, EEARNHEKRSE, B LE-HEREER X8t EENREEYRETRREOER LR, Leus s Fmet
AR EE . HBETHLEEOFFRERRANMNY, EESNITERTHERRTLEAEENHY
i PREBRBIIRAMEEREENR LM d, FATNAR X, $SABFT A3ES, THRHTHEELE, B2~ ETREERTA
DPREEFHTTHELACRENSER, BESHEHEIATMER  —ERNSE,

‘%‘; {ii-éﬁﬂ#ﬂﬁ?é%i?ﬁ’l#ﬂk&ﬁéxﬁﬁd&ﬁﬂ{T | ARESELNESSTRERENE LT 8%, FEWSABHEET X
ENERST TRET L& ?%E'Mﬁéﬁ*%ﬁ%‘ﬁ&- RERERT SHEAERENERE REENOEIILTERY, S5 -SREAFFALT
BEFRNAY: FRIREINEATTERGT, MIEBRSEHE FH4EnASTEHEEST; RENTESF TRETLER SHALRRRERN
BT BERE-FRRZAE B4, SRETHRERTNLR sk, HC20H7TEFNANRY: BEXARINEROTERET, RIERT
ERTERTACHANAE RN SRENSUEETNEATE Ax8T: RESL-FIFREAE—&E THAAHREBEMIREHTE

AR BETN IR, ETAEHANNE RN SFhEDERTHRTRINIERMEETH
RIS RRRREEEHIA LT R, i"i‘i’%}»ﬁﬁ% HE, f
FE P BEEE, —PRERE, SR RESZWEES, U | /508, ORERESHIALHT 8. EASAERIME, ~PH

AR R ANBCHTRORSE— S RITTREEHNE. £ BN, — 1 SEpH, TETEETIWEESR, 118 SMEEES A NEEITED
BROJURE RERSAFLLEE, ELER LA TRYR SRs—-SfITa52Bn%. PRNUAE, IAERASLLMIES. mik
z, EREERNBW. XESRSFALE, EHMEEHETTE gkﬁé%ﬂ?ﬁfﬁtﬁs BNERNEY KEPREFAER, EMEaamsE
& T @
BRTEIARTENSAY. ROREEHRRIEEN-SF | SOTLAGTEOZ AN, CHRSSERELETE—o3E. BAOHY
B BABHE LOREFHEEOETHT, UAFEAN. ¥MEADR FoEe fameeTHT, LEEEN. BMIOREY $ESS NRTRAESE o

e e S S G e § e

Alignment page showing the first high-scoring window. Red colored characters mean a
character match; blue colored characters are phrases.

Figure 17C
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Infovell Full-text as Query Search Engine 1.0
Refarence:
Tang, Y., Yang, Y., Data search employing metric spaces, multigrid indexes, and B-grid trees (2003). US Patent 6,8636,849.

pIp: ARt

Righ scoxing window I

In;o';r;x:’:xton . Freq_in_query : Freq_in_hit ‘ SI_Score
B 555 e - - 555
20.3 1 1 20.3
19.7 1 1 w7
19.3 1 1 : 19.3
19.3 1 1 19.3
19.3 1 1 19.3
19.1 1 1 19.1
19 1 1 19
18.7 1 1 18.7
18.6 1 1 186
18.5 ; 1 1 18.5
S i e e
18.3 1 1 18.3
T8 1 1 18.1
17.9 1 1 17.9
17.9 1 1 17.9
e - gl
17.7 1 1 17.7
17.6 1 I 1 17.6 v

Right link from the localized score, showing matching itoms in the first
high scoring window.

Figure 17D
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INFOVELL

Infovell Full-text as Query Search Engine 1.0
Reference:
Reference: Tang, Y., Yang, Y., Data search employing metric spaces, multigrid indexes, and B-grid trees {20032}, US Patent 6,636,849,

] Query Text 1 Hit Text

iHigh scoring segment 2 |
| High scoring segment 2tength = 320 Words. SI_Score = 603. |
... EEPAE S AR E. Percent Identities = 72/142{50.7%) |

RN REE A . RREREWEINIA, =HEM, 2B
MASERBETALAT, AEERRKE, RIS "BBIZH, B2 2190 ... BABRSSTREREEZETHSOAE AP EfrEs aRAO0H0E |
AMAN DR, FREEIEEWNA E4 2+ BXMET F TENEEOTENETE, BMATEREFETT, IHNBAEXTELS
P, EROFEPAS, TATHETROHLED, SR2NEFTE  E @RAFRESH-ARN WUFERZRASERERTFN: TEST TS
MEBEXSFUAR, STRABEENDFLHETIEN, B WHHART P ARFEARNS—FEk, HUBTASRER. "RARE! »t
FERMENELSHANLANRED LPRAETREEERNE 47 UEBRERXPHERAMN, HENRESERARTNMEESEEEUNAT.
B BERTEERASREEEZANREEMRETRRECNER mbb& Aty HRIEREMNKRTH--BR T BEEEEETHREN #
—ERER, SRS EmiATH ERORTWEINNA B aEncfi—-2d LRSS, FHERNSE, TRIESIETBIede
ESNRTRLFNERNESSELAN0S, RETAETTHY SR ERE. BT -SEELSLTSEREHTTE: SNTENNS—EN
E. REHKOERES BOLE—EEREERNTA—HENE AERUDERTHENERE, wibkb—S+T4HEE, ... 2830
| MUFES XGRS RNEATIR L bk, (FRITSUEET
R T HLE L CRENE B SEZIHOELLAERSE, &
A-SHBRITF LI THERESTRERERT; BENER
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The high-scoring window Il from the same search. Here is the
alignment page for this HSW from the left link.
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&L
| Itom In;onl;r:s;uton Freq_in_query Freg_in_hit SI_Score
aEAE 20.4 1 1 20.4
% 19.7 1 1 19.7
VEER 16.5 1 1 19.5
v 1901 1 1 BTN
KA 17.9 1 1 17.9
£ 17 1 1 17
BE) 16.8 1 1 16.8
77 16.5 1 1 16.5
55 T ; e T
5128 16 1 1 16
gd=| 15.7 1 1 15.7
18){d] 15.1 1 1 15.1
& 14,9 1 1 149

14.9 R 1 14.9
aE 14.8 2 1 14.8
ARAR 14.8 1 1 14.8
o 14.8 1 1 14.8
AR 14.7 1 1 14.7
g 14.4 1 1 14.4
Fu 14.2 1 1 14.2
R 14.1 1 1 14.1
o 14 1 1 14
58 14 1 1 14
7T 13.9 1 1 T139
#ax 12.9 1 1 13.9
8B 13.8 1 1 13.8
T2 13.7 1 1 13.7
l:x et e 5 = e
R 13.5 1 1 135
R 13.3 2 1 13.3

Matching itoms from the HSW 2. This page is obtained by clicking the
right-side link on "localized score".
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INFOVELL

Infovell Full-text as Query Ssarch Engine 1.0
Refarence:
Tang, Y., Yang, Y., Data search employing metric spaces, multigrid indexes, and B-grid trees {2003}, US Patent 6,835,849,

o At

Precentage of gshazed wordes = §0.2%

tom Infao';r::!tllton Freq_in_gquery Freq_in_hit 8I_Score
) 20.9 1 : 1 20.9
R j 20.7 1 1 20.7
e : ; T e
B e o
T oo e — s
CEi 18.7 1 1 19.7
& 19.7 1 1 19.7
LETE 19.5 1 1 19.5
B 19.4 1 1 19.4
ol 19.3 1 1 193
xER 19.3 1 1 19.3
R 19.3 1 1 19.3
I | 19.3 1 1 193
5 19.3 1 i 19.3
- . s e L e
BEE e T e ey
e T . L e
&[] 19.1 1 1 19.1
frat- 19 1 1 19
R 18.8 1 1 18.8

List of itoms from the right-most link, showing matched itoms and their
contribution to the global score.
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~d(A,B) is defined as the summation of information amount of itoms in A but not
in B, plus the information amount of thosdtoms that are in B but not in A. One way to
handle repeated itoms is to assign a specific serial number to each repetition. Itoms in A
and B are counted the same only if they have the same content and the same serial number.

Figure 18A
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B The centroid formed by 3 distinct data points (A, B, C). The shadowed area
contains the commen itoms that are shared by all 3 data points. The itons contaned
within the shadowed area form the centroid for these 3 data points. Repeated itoms can
be handled the same wav a5 nchcated in Figure 5A.

Figure 18B
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Itown 8 st Data oo
Ttom_4_ist ata_pomnt 1
Ttomy 2 lst Itom 5 Jst Data_point_2
Jrom, > fist Ttom 10 fist  Data_point 3
Ttom 11 list  Data point 4
Itom_6_list Trom 12 st Daa-points
Itom_3 list Mom 1315t Daa point 6
Ttom, LISt o 14_tist Data_point_7
Tom 15 st Dxe-pont$

A schematic dendrogram showing the hiearchial relationship among many
data points. Comnon shared itones between subgrovps are shown through a list (a
hyperlink if the data 3s delivered via a web browser) at each branch. The right-most
terrrinal branch shows a link to unique itors of its own (within the subgroups that Iead
to this final branch). Branch length can svmbolize the total information amount of the

shared ioms.

Figure 18C
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Dy, F): p)= 40N, @5 B pO=HON,
EEEE @, Fp: pad=f,ON,
@, F): pl=f @N, where

N=N;+N,+E +N_
fi)= £, ,(HE +£,0.

) Distribution function of database D which is formed by merging database D
with dismibution F j (=1, E ,n).

Figure 19
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Itom parser
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Itom sort and threshold
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3 level words select

v

Search process

h 4

Result deliver

Figure 21B
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Itom Parser Rules:
1. sequential

2. overlapping
3. nonredundancy

Figure 22A
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Itom threshold Rules

[Psueod code]
For each itom

if (SI (itom )<parasitom _threshold))

Drop this itom.
End for

Itom sort Rules
[Psueod code]
For each itom
Score(itom_i) = (SI(itom )+SI(the highest score word in this itom))/2
End for
Sort itom by Score, large to small;

Figure 22B
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[Psueod code]
threshold = max(10000, min(100000, database entry _size *10% ))
bids_count = 0;
For each itom (top down)
for each left word in this itom(exceptthe highestscore word
if (SI(word_i)>parasword threshold))
push this word to 2nd_level set
Else
push this word to 3rd_level set
end for
bids_count += bid count of the highest score word in this itom retrieved
if (bids_count>2*threshold) {
push this word to 2nd_level set
Break;
} Else if(bids_count>threshold) {
push this word to 1st_level set
Break;
} Else
push this word to 2nd_level_set
End for

For following 40% itoms (top down)
for each word in this itom
if (SI(word_i)>parasword threshold))
push this word to 2nd_level set
Else
push this word to 3rd_level set
end for
End for

For leftitoms
for each word in this itom
push this word to 3rd_level set
end for
End for

Figure 22C
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[Psueod code]
For each word inlst_level word set
for echo bid this word retrieved
candidate list.insert{word id , bid}
end for
End for

Candidate_bids.push _back(each bid in candidate list)

For each word in2nd_level word set
for echo bid this word retrieved
candidate list.insert{word id , bid }
end for
End for

For each node in candidate list {*, bid ,}
score[bid il =10
for each bid in candidate list{*, bid } and notin Candidate bids
scorefbid_i] +=SI(word)
end for
End for
Sort by score[bid_i] large to small
Candidate_bids.push back(top 50k bids)

For each word in3rd_level word_set
for echo bid this word retrieved and in Candidatebids
candidate list.insert{word id , bid}
end for
End for

Calculate all bid in Candidate_bids
Sort

Figure 22D
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In recent years, enarmous technical advances in experimental protocols as well as robotic and bicinformatic technigues have
allowed DNA array/microarray fechnology fo emerge as the leading technology in the field of functional, disease-related
genome analysis. Multiple applications exist for DNA arraysfmicroarrays including comparative genomic analysis to identify
chromosomal imbalances (Matrix-CGH), the study of mutations and genetic polymorphisms, and the study of gene expression
{expression profiling). Expression profiling is the most widely used application of DNA arrayimicroarray technology and allows
10 measure gene expression of thousands of genes simultaneously. The present review describes the basic principles of
expression profiling analyses and outlines some applications in pancreatic cancer research,
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allowed DNA arrayinicroarray technolegy to emerge as the underlying NSCLC etiology, pathogenesis, and therapeutics will lead to improved clinical outcames.
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1 Expression genotvics of cervical cancer: molecular classification and prediction of radiotherapy response
! by DHA microarray.
PURPOSE: The incidence and mortality rates of cervical cancer are declining in the United States; however,
 worldwide, cervical cancer is still ane of the leading causes of death in women, second only to breast cancer,
i This disparity s at least...
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The influence of reduced oxyeen availability on pathogenicity and sene sxprescion in Mycobacterium
: tuberculosis.

We investigated how Mycobacterium tuberculosis responded to a reduced oxygen tension in terms of its
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i culture, The chemostat enabled us to control and vary the...
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4 Identifying splits with clear separation: a new class discovery method for eene expression data.

We present a new class discovery method for microarray gene expression data, Based on a collection of gene
i expression profiles from different tissue samples, the method searches for binary class distinctions in the set
of samples that show clear separation...
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Tamoxifen, a member of the selective estrogen receptor modulator (SERM] family, is widely used in the
treatment of estrogen receptor [ER)-expressing breast cancer, It has previously been shown that high-dose
i tamoxifen has cytotoxic activity against glioma cells, but whether this...
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B described equipment  (20)

o pole loop {14)

-8 pole skis and poles 4

S dkiesteering ski carrier (83)

E ski and ski-pole carrying (15)
i { arrangesent ski lifts. @)

1 ski pole baskst (0)

3 f system strap  (10)

- dd rack ski (5)
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i hand grip grip 6)

B cecuring equipment (10)

) skis end ski poles (10}

o ff other (23)

i--f carrier carrier for menually cerrying paral

54 Ski-carrier module with module attachment apparatus.
A ski-carrier modute and module attachment apparatus far attaching the sid-carrier module to the bars of a pre-existing modular veh
;upward-tacing ski pole receptors placed on a fower arm thereby simplifying insertion of ski poles into a ski rack. as well as a hinge a

imultiple raised pasitions enabling the insertion of skis and ski poles into the ski-carrir module unobstructed by the pasition of the u i

japparatus for attaching the module to a roof rack bar comprising two wrap-araund attachment anchars which ars placed around the
\@nchor head aperture and anzhor head siot, The aperture and slat are tocated on the underside of the lawer arm of the maduls, Tn)
lattazhment anchar araund the raof rack bar when the aperture s rotated, and the anchor head being designed to tighten the grip o
the anchar head is inserted further inta the anchar head siot. The attachment apparatus thereby praviding for secure attachment of
simpler and mare efficient manner.

nttp. /ipatfit uspto govinatatqiinph-Parser?3ect1=PTC 1852212

HITOFFEG=PALLED=1 Su=/natahtml/PT Cierchnum ntm&r=1 8f=0Al .

E6 Ski-carrier module with module attachment apparatus,
A ski-carrier madule and madule attachment apparatus for attaching the ski-carrier madulz t the bars of a pre-existing madular vt
upward-facing sk pole receptors placed on a lawer arm thereby simplifying insertion of ski poles into a ski rack. as well a5 a hinge af
muitipie raised positions enabling the insertion of skis and ski pales into the ski-carrier madule unabstructed by the position of the U
lapparatus for attaching the madule to a roof rack bar comprising two wrap-around attachment anchors which are placed around the
anchor head aperture and anchor head slat. The aperture and slot are located on the underside of the lower arm of the maduls. Th
attachment anchar around the roof rack bar when the aperture is rotated, and the anchar head bzing designad to tighten the grip of |
the anchor head is inserted further into the anchor head slof. The attachment apparatus thereby providing for secure attachment af
simpler and mare efficient manner.
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74 Ski-carrier module with module attachment apparatus.
A ski-carrier module and module attachment apparatus for attaching the ski-carvier medule to the bars of a pre-existing modular vet]
upward-facing ski pole receptors placed on a lower arm thereby simplifying insertion of ski poles into a ski rack, as well as a hinge a
multiple raised positions enabling the insertion of skis and ski pales ints the ski-carrier madute unobstructed by the position of the
apparatus for attaching the module to a roof rack bar comprising two wrap-around attachment anchors which are placed around the|
anchor head aperture and anchor head slot. The aperture and slof are located on the underside of the lower arm of the madulz. Th
attachment anchor around the roof rack bar when the aperture is rotated, and the anchar head being designed to tighten the grip o
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the anchor head is inserted further inta the anchar head slot. The attachment apparatus thereby providing for secure attashment ofi—
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