wo 2015/183246 A1 |[IN I N0F 00000000 O A O

(43) International Publication Date
3 December 2015 (03.12.2015)

Organization
International Bureau

—~
é

=

\

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2015/183246 A1l

(51

eay)

(22)

(25)
(26)
1

(72

74

31

International Patent Classification:
GO6F 17/00 (2006.01) GO6F 17/30 (2006.01)

International Application Number:
PCT/US2014/039660

International Filing Date:
28 May 2014 (28.05.2014)

Filing Language: English

Publication Language:

Applicant: HEWLETT-PACKARD DEVELOPMENT
COMPANY, L.P. [US/US]; 11445 Compaq Center Drive
W, Houston, Texas 77070 (US).

Inventors: SIMSKE, Steven J; 3404 E Harmony Road,
Fort Collins, Colorado 80528-9544 (US). VANS, Marie;
3404 E Harmony Road, Fort Collins, Colorado 80528-
9544 (US). STURGILL, Malgorzata M; 3404 E Har-
mony Road, Fort Collins, Colorado 80528-9544 (US).

Agent: DAS, Manav; 3404 E Harmony Road, Fort
Collins, Colorado 80528-9599 (US).

English

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i))

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:

with international search report (Art. 21(3))

(54) Title: DATA EXTRACTION BASED ON MULTIPLE META-ALGORITHMIC PATTERNS

106

= z B
& [rr— P ™ g R 108
j%3 = =0
= g = SUMMARZATION
. ) o £ & H
) FIER o ERGINES TO
10z PERFORM
216 {/\ SUMIARIES
EXTRACTORTO | o 7 ? 1100}
GENERATE SEARCH METAALGORITHIMC SUMMARY X 110{3}
GUERIES ERNS : :
v L
META-SUMBIARIES SUMMARY 2 1
| SUMMARY 1
1144z}
META- ] .
SUMMARY 2 | -
118 ; 1342}
1101}
,,,,,, 1AL
. . META- ’ 122
CHUERY 1 L sintany o ;
QUERY 2 ~ ,& EVALUATIOR TO
. DETERMINE o
SHALARITY VALUE OF é;?;ﬁ%i;%
EACH SUMMARY & sl neém;vrv;tm
: P META-SUNMMARY CEFriNGS
QUERY Y ) BESED ON THE SEARCH
Fig. 1 QUERIES mss e il

(57) Abstract: One example is a system including a plurality of combinations of summarization engines and/or meta-algorithmic
patterns used to combine a plurality of summarizers, an extractor, an evaluator, and a selector. Each of the plurality of combinations
of summarization engines and/or meta-algorithmic patterns receives content to provide a meta-summary of the content. The extractor
generates a collection of search queries based on the content. The evaluator determines a similarity value of each combination of
summarization engines and/or meta-algorithmic patterns for the collection of search queries. The selector selects an optimal combin -
ation of summarization engines and/or meta-algorithmic patterns based on the similarity value.
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DATA EXTRACTION BASED ON MULTIPLE
META-ALGORITHMIC PATTERNS

Background

HI01] Summarizers are computer-based applications that provide a summary of
some type of content, such as text. Meta-algorithms are computer-based
apphications that may be applied to combine two or more surmmarizers to yield
meta-summaries. Mela-summaries may be used in a variety of applications,
including data mining applications.

Brief Description of the Drawings

{0002} Figure 1 is a functional block diagram illustrating one example of a
system for data extraction based on mulliple meta-algorithmic pattems.

[O003] Figure 2 is a block diagram illustrating one example of a processing
system for implementing the system for dats extraction based on mulliple meta-
aigorithmic pattermns.

{ii4d] Figure 3 is a block diagram illustrating one example of a computer
readable medium for data exiraction based on muttiple meta-algorithmic
patterns.

[0005] Figure 4 is a flow diagram illustrating one exampie of a method for data
exiraction based on mutltiple meta-algorithmic pattems.

Detatted Description

{006} In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by way
of flustration specific examples in which the disclosure may be practiced. Htisto

be undersiood that other examples may be utilized, and structural or logicsat
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changes may be made without departing from the scope of the present
disclosure. The following delailed description, therefore, is notto be takenin a
limiting sense, and the scope of the present disclosure is defined by the
appended claims. It is to be understood that features of the various examples
deseribad herein may be combinad, in part or whole, with each other, unless
specifically noted otherwise.

[0007] Figure 1 is a funclional block diagram illustrating one example of a
system 100 for data extraction based on muitiple meta-algorithmic patierns.
The system receives content, such as a collection of documents, and filters the
content. The filtered content is then processed by a plurality of different
summarization engines o provide a plurality of summaries, The sunmaries
may be further processed by a plurality of different meta-algarithmic patterns,
each meta-algorithmic pattern to be applied to at least two summaries, to
provide a collection of mela-summaries, where each meta-summary of the
collection of meta-summaries is provided using the at least two summaries. The
filtered content is also processed o generate a plurality of search queries based
on the collection of documents.

08} Summarization may be used as a decision criferion for fext analylics,
each with its own specific elements. In addition to applications reiated to text
analvtics, funclional summarization may be used for evaluative purposss.
Simiarity of document selection during search may be used to svaluate
transiators. For example, a useful language transiator wilf result in the same
search behavior as in the original language for the same collection of queries.
In general, similarity of summarization indicates similarity of the documents, and
so differences in the behavior of mulliple summarization engines rather than the
behavior of one engine or the collective behavior of a set of engines is often
significant.

[0009] Validation andfor relative assessment of the individual mela-algorithmic
approaches is based on the utilization of indices/keywords for search behavior.
After the indices/keywords have been extracted, tags on the documents {and
their relative order and/or relative weighting) may be utilized for searching on
the collection of documents. The optimal overall exiraction to represent a large
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collection of documents is the one that behaves most closely ike the original
(unadulterated) collection of documents. That is, the best combination of
swmmarization engines and/or meta-algorthmic pattems is the one that results
in search behavior least different from the search behavior for the original
collection of docurments.

{0010 A similarity score is determined for each combination of mela-algorithmic
patterns and summarization engines, the similarity score being indicative of a
difference in search behaviors of the collection of documents and the collection
of mela-summaries, the search behaviors responsive to the plurality of search
gueries. The sumimarization engine andior meta-algonthmic patiern that
provides a summary and/or meta-summary, respectively, that has a minimum
differenice in the aforesaid search behavior is then recommended for
deployment. in this way, a summarization architecture optimized for a search
task is determined. As described herein, the summarization architecture may
be a combination of a plurality of summarization engines and/or a plurality of
mela-algorithmic pattermns.

jaat 1 Mefa-summaries are summarizations created by the intelligent
combination of two or more standard or primary summaries. The intelligent
combination of multiple intelligent algorithims, systems, or engines is termed
“‘meta-algorithmics”, and first-order, second-order, and third-order patterns for
meta-algorithmics may be defined.

[a012] System 100 includes content 102, a filter 104, filtered collection of
documents 108, summarization engines 108, summaries 110(13-110{x}, a
plurality of meta-algorithmic patterns 112, meta-summaries 114{1)-114{z),
extractor 116, a plurality of search queries 118, an evaluator 120, and a selecior

Hang??

122, where "x", *y", and 2" are any suilable numbers of summaries, queries,
and meta-summaries, respectively. Content 102 includes text, meta-data,
and/or other computer storable data, including images, sound, andfor video,
Content 102 may include a book, an article, a document, or other suilable
information. Filter 104 filters content 102 fo provide a collection of documents
106 suitable for processing by summarization engines 108, In one example,

W

filter 104 may remove common words {e.g., stop words such as “the”, “a", "an’,
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“for”, and “of") from content 102, Filter 104 may also remove images, sound,
video andior other portions of content 102 {o provide filtered content 106. In
one exampile, filter 104 is excluded and content 102 is provided directly to
summarization engines 108,
{013 Summarization engines 108 summarize documents in the collection of
documents 106 o provide a plurality of summaries 110(13-110(x). Inone
example, each of the summarization engines provides a summary including one
or more of the following summarization outfputs:

{1} a set of key words;

{2) a set of key phrases;

{3} an sextractive set of clauses;

{4} an extractive set of sentences;

{5} an exiractive set of clusterad sentences, paragraphs, and other text

chunks; or

{6} an abstractive summarization or semantic.
[o0 4] In other examples, a summarization engine may provide a summary
including another suitable summarization ouiput. Different statistical language
processing (SLP) and natural language processing (NLP) {echniques may be
used to generate the summaries.
{0015] Metg-algorithmic palterns 112 are used fo summarize summaries 110(1)-
110{x) {0 provide a plurality of meta-summaries 114(1)-114{z). Each of the
meta-algorithmic patterns is applisd o two or more summaries to provide a
metg-summary. 0 one example, each of the plurality of meta-algorithmic
patterns is based on one or more of the following approaches:

{1} weighted voling;

{2} predictive selection;

{3} tessellation and recombination;

{4} tessellation and recombination with a decisioner;

{5} predictive selection with a secondary engineg; or

{8} majority voting
In other examples, a meta-algorithmic pattern may be based on ancther suitable

approach.
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jaete] in the (1) weighted voting approach, the oulput of multiple summarization
engines or meta-algorithmic pattsms is combined and relatively weighted based
on the relative confidence in each summarization engine of meta-algorithmic
pattern, and the relative weighting of the terms, phrases, clauses, sentences,
and chunks in each summarization. In one example, the output of data mining
engines may be given in ranked order {e.g., a matrix R), and the weighted
voting resuits may be given in a weighted output (W malrix). If the oulput of the
data mining engines are given in weighted order (W matrix), then weighted
voling resuits in a weighted matrix {e.g., a matrix W). Thus, this meta-
algorithmic paftern allows the combination of both ranked and weighted outputs
from the summarization engines or meta-algorithmic patterns. Data mining is
the discovery of patierns in large data sefs. Sumsnarization engines may be
combined fo provide a summary for the data extracted. In some examples, data
mining may provide an exhaustive descriplion of the text information. In some
examples, data mining may provide a gist of a document content (specific data)
or content that distinguishes the document from other documents {differential
data). For the data mining task, the summaries and meta-summanes may be
evaluated 1o determine the summarization architecture that provides the data
mining results that provide a significant recovery of tagged content {e.g., ground
truth to-be-mined data). As described heregin, the summarization architecture
may then be selected and recommended for deployment,

{0017} The (2) predictive selection approach may include looking at the general
topic associated with the key terms in a portion of text and applying a specific
summarization engine or set of summarization engines based on membership
within a class associated with a padictdar topic or set of {opics. In one example,
a combination of summarization engines or meta-algorithmic patterns is
selected to create an abridged document representation, A, of an original
document, D. The document representation A is then used fo represent the
document. In one example, such a selection of the combination of
summarization engines or meta-algorithmic pattemns is based on attributes of
the document (including document entropy, dosument author, document

language, and document length). In general, different documents will use
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different combinations of summarization engines or meta-algorithinic pattemns,
and the overall result may be compared to the best resull from any other meta-
algorithimic pattern (such as Weighted Voting) for accuracy.

[8018] In the (3) tessellation and recombination method, two types of
tesseliations may be utilized: (a) tessellation by commaonality across multiple
combinations of summarization engines or meta-algorithmic patterns, and (b}
tesseliation by commonalty with other documents. In the case of {a}, the
common ferms are kept inifially and then incrementally more are added based
on maximum dispersion (that is, maximun weighted differences between
abridged documents). in the case of (b), the common terms are discarded
iniially and then incrementally more are added, again based on maximum
dispersion between abridged documents.

{0019 in the (4) tessellation and recombination method with an expert
decisioner, the expert decisioner is used 1o assign additional (presumably
optimal} terms (keywords, phrases, efc.} {o the tessellated abridged documents
described herein. However, rather than adding them based on a generic means
{such as maximum difference or "dispersion” as in (3}}, here the terms added
are guided by the terms that are consideraed maost representalive of the
documents themselves. For example, assignment of additional terms may be
guided by {a) the salient terms of the document class the document belongs to,
if this information is available; {b) the overall set of relevant search terms, if
these are available, or (¢} significant terms when comparing the document o a
large set of mixed-class documents.

Ja020] In the (5) predictive selection with a secondary engine method, as with
the prediclive selection described herein, the atinbutes of document {including
document entropy, document author, document language, document length,
efc.} are used to choose a particular data mining engine to creale the abridged
document representation, A, of the original document, D. This A is then used {o
represent the document thereafter. Different documents will use different data
mining engines, and the overall result may be compared {o the best result from
any other meta-algorithmic pattermn (such as Weighted Voling, described herein}

for accuracy. in this design pattern, # there is no clear “winner” for prediclive
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selection, then a secondary meta-algorithmic pattern {one of {1} weighted
voting, (3) tessellation and recombination, or {4) tesssilation and recombination
with an expert decisionser) is selected. This may be utilized when predictive
selection has g low confidence level; for example, in systems with only modest
training data {(or ground truth set).

{0021} In the (8) majority voting method, key terms agreed on by the majority of
the summarization engines are selected. Additional terms left over in the
mafority voting (based on its aerror rate either overall or within the subclass
chosen by the predictive selection patlern, etc.) are added to create the set of
terms. This methad tends to select more terms than any single summarization
engine since it merges two streams of selection, but may also be pruned by
selecting only the first few terms from the majority voling. This pattern works
well as more summarization engines are added to the system 100, and in
particular, when an odd number of engines are integrated.

{0022] Extractor 116 generates a plurality of search queries 118 based on the
collection of documents 106, The output of the meta-~-algorithmic patterns are
used for identification of keywords, extraction of salient data and fagging of the
documents {e.g. for search, indexing and clustering). Collectively, these are
termed “data mining”. The original collection of documents may be denoted
DN}, a sst of N documents. The collection D{N} is utilized as a bag of words to
generale a collection of search gueries. This may be achieved by utilizing any
of the to-be-deployed combination of summarization engines andior meta-
algorithmic patterns o exiract the search queries as the key words, extracted
data or tags for the collection D{N}. The cufput of the summarizers are used to
{ag documents. For a metadata tagging task, the summaries and meta-
summaries are evaluated {o determine the summarization architecture that
provides the metadata tags (e.g., indices, descriplors, semantic tags) that
provide a matich to training data. Each summarization architecture is evaluated
for its relative value in the search task. The relative value in the search task,
{i.e., the relevance or ulility for the search task), may be svaluated based on
training data, feedback received from users, and/or other suilable oriteria

applicable to the search task.
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{0023] The plurality of search queries is called S{M}. A first action of the
plurality of search queries S{M} on the collection of documents D{N} is
represented as:

R-." A
SEMY > DING: 2 R (DIND
Or, alternatively:

S DING S S DV
fe] ged

where R is an M x N matrix of ranks, and W is an M x N matrix of weights,
depending on what the output of the pluralily of search queries is. The R-
method is the non-parametric method, while the Wemethod is the paramedtric
method. As indicated, the R-method is based on a ranking of the plurality of
search queries, and the W-method is based on a weighiing of the plurality of
search queries

{0024] The meta-algorithmic patterns of two or more data mining engines are
used to create a collection of meta-summaries A{N}. A second action of the
piurality of search queries S{M} on the collection of meta-summaries A{N} is
represenied as:

Sy = AN SR (V)
Qr, alternatively:

SEMY - AN E n’ RETY

where R is an M x N matrix of ranks, and W is an M x N malrix of weights,
depending on what the output of the pluralily of search queries is. As indicated,
the R-method is based on a ranking of the plurality of search queries, and the
W-method is based on a weighting of the plurality of search queries.

[0025] Evaluator 120 determines a similarity score for each combination of
meta-algonthmic patterns and summarization engines, the similarity score being
indicative of a difference in search behaviors of the collection of documents 106
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and the collection of mefa-summaries 114(1}-114({2)}, the search behaviors
responsive to the plurality of search queries 118.

{8826} In one example, the similarity score is based on a difference between the
first action of the plurality of search queries 118 on the collection of documents
106, and the second action of the plurality of search queries 118 on the
collection of meta-summaries 114(1)-114(z). if there are L meta-algorithmic
patterns, then the similarity score may be based on a difference between a first
action of the plurality of search queries on the collection of documents, and a
second action of the plurality of search queries on the collection of meta-

summaries, as given by:

Cr, alternatively:

I ' A \
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{00271 An optimum pattern is the one satisying:
b
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Or, alternatively:
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j0028] Selector 122 selects for deployment, via the processing system, a
combination of the meta-algorithmic patierns and the summarization engines,
where the selection is based on the similarity score. in ane example, the
selector 122 selects for deployment the combination of the meta-algorithmic
patterns and the summarization engines that minimize the similarity score. The
recommended deployments settings include the summarization engines and/or
meta-algorithmic patterns that provide the optimum summarization architecture

with respect 1o the search behaviors. The optimum summarization architecture
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may be integrated info a system real-time. The system may be re-configured
per preference, schedule, need, or upon the completion of a threshold number
of new instances of the tasks.
j8029] in one example, the selector 122 generales a meta-summary of a given
document of the collection of documents by applying the selected combination
of the meta-algorithmic patierns and summarization engines {o the given
document, In one example, the selector 122 associates, in a dalabase, the
generated metfa-summary with the given document.
{0030} In one extample, gystem 100 is fully automatable. As described herein,
the summaries and meta-summaries may be evaluated to determine the
summarization architecture that provides a document summary that significantly
matches the fraining data. Generally, the larger the training data and the larger
the number of summarization engines available, the better the final system
performance. System performance is optimiized, however, when the training
data is much larger than the number of surmmarization engines. The
summarization architecture is then selected and recommended for deployment.
[o03 1] For example, the number of possible combinations of the meta-
algorithmic patterns and the summarization engines is:
where, N is a number of meta-algonthmic patlerns used, and Nyg is & number
of keyword-generating engines used. A plurality of such combinations may be
obtained fram one of the six meta-algorithmic palterns described herein: {1)
weighted voling; (2) predictive selection; (3} tessellation and recombination; {(4)
tesseliation and recombination with a decisioner; (B) predictive selection with a
sgcondary engine; or (8) majority voling. For example, many different
combinations may be used with predictive selection. Accordingly, the system
behavior may be given an adaptive summarization architecture over time,
allowing it to be very general when first deployed and then narrow the number
of feasible combinations over time as a number of documents, classes of
documents, and/or search terms increases as the system scales and/or evolves.
For example, when the system is first deployed, the following may hold:

N 2 (2% 1= N N
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ar

N oo MM e N = N

where, Ng is the number of classes of decuments and Nar is the number of
search ferms. This deployment specification may sllow many more
combinations than the number of classes and/or search terms, which provides
design flexibility {e.g., an antificial neural network, genetic algorithm).
10832 As more documents per class and per search term become part of the
system, different combinations of the meta-algorithmic pattems and the
summarization engings will be de-selected based on their relalive lack of
effectiveness. As the system evolves, the following may hold:

N ¥(@% 1N ) =< Ny

and

{033] Accordingly, the system will have naturally resolved to a smaller set of
optimally-combined meta-algorithmic patterns and summarization engines. In
one example, as the system is guided by the same combination over a long
periad {or upon the addition of a substantial amount of documents since the last
major system change), meta-aigorithmic patterns and summarization engines
may be added so that the following may hold:

K l ST
and

N 22 w1 N Y= N,

{0034] This allows some flexibiity {o changes in the behavior of the collection of
documents, while refaining some memory of the former learmed combination of
meta-algorithmic patterns and/or summarization engines.

[8035] Figure 2 is a block diagram illustrating one example of a processing
system 200 for implemaeanting the system 100 for data extraction based on
multiple meta-algorithmic patterns. Processing system 200 includes a
processor 202, a memory 204, input devices 218, and oulput devices 220,
Pracessor 202, memory 204, input devices 218, and output devices 220 are
coaupled {0 each other through cormmunication link (e.g., a bus).
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{0036} Processor 202 includes a Central Processing Unit {GPU) or another
suitable processor. In one example, mamory 204 stores machine readable
insfructions executed by processor 202 for operating processing system 200
Memory 204 includes any suitable combination of volatile and/or non-volatile
memory, such as combinations of Random Access Memory (RAM), Read-Only
Memaory {(ROM), flash memory, and/or other suitable memory.

{0037] Memory 204 stores content 206 for processing by processing system
200, Memory 204 aiso stores instructions {6 be executed by processor 202
including instructions for summarization engines 208, meta-algorithmic pattemns
210, an extractor 212, an evaluator 214, and a selector 216, In one example,
summarization engines 208, meta-algorithmic pafterns 210, exttractor 212,
evaluator 214, and selector 216 include surmimarization engines 108, meta-
algorithmic patterns 112, extractor 116, evaluator 120, and selector 122,
respectively, as previously described and illustrated with reference to Figure 1.
{0038] In one example, processor 202 executes instructions of filler to filter a
collection of documents o provide a fillered collection of documents 206.
Processor 202 executes instructions of a plurality of summarization engines 210
{0 summatize the collection of documents 208 to provide summaries. Processor
202 executes instructions of a plurality of meta-algorithmic patterns 212 o
summarize the summaries 1o provide meta-summaries. Processor 202
executes instructions of exiractor 212 {0 genserate a plurality of search queries
from the collection of documents 206, Processor 202 executes instructions of
evaluator 214 o determine the similarity score for each combination of meta-
algorithmic patterns and summarization engines, the similarity score indicative
of a difference in search behaviors of the collection of documents and the
collection of meta-summaries, the search behaviors responsive to the plurality
of search queries. Processor 202 execuies insfructions of selector 216 {o select
for deployment a combination of the meta-algorithmic patierns and the
summarization engines, the selection based on the similarity score. The
selected summarization architecture, i.e. the combination of the meta-
algorithmic patterns and the summarization engines, is then recommended for

deployment by procassing system 200
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{0039} Input devices 218 include a keyboard, mouse, data porls, and/or other
suitable devices for inputting information into processing system 200. Inone
example, input devices 218 are used to input feedback from users for evaluating
the summaries and mela-summaries for search quenes. Oulpu devices 220
inciude a montor, speakers, data ports, and/or other suitable devices for
outputling information from processing system 200. in one example, output
devices 220 are used {o output summaries and meta-summarnes 1o users and (o
recommend the optimum summarization archifecture for data extraction.

0040} In one extample, the selector 216 generates a meta-summary of a given
document of the collection of documents by applying the selected combination
of the meta-algonthmic patterns and summarization engines {o the given
document. in one example, the selecior 216 associates, in a database, the
generated mela-summary with the given document.

{0841} in one example, a search guery directed at a document is received via
input devices 218. The processor 202 retrieves, from the database, a meta-
summary associated with the document, and generates, based on the retrieved
meta-summary, search resulls responsive fo the search query. The search
resulis are then provided via output devices 220.

{0042} Figure 3 is a block diagram illustrating one example of a computer
readable medium for data extraction based on multiple meta-algorithmic
patierns. Processing system 300 includes a processor 302, a computer
readable medium 308, a plurality of summarization engines 304, and a plurality
of meta-algorithmic patterns 306. Processor 302, computer readable medium
308, the plurality of summarization engines 304, and the pluralily of meta-
algorithumic patterns 306 are coupled {o each other through communication link
{e.g., a bus).

{0043] Processar 302 executes instructions included in the computer readable
medium 308. Compuler readable medium 308 includes document receipt
instructions 310 to receive a collection of documents. Computer readable
medium 308 includes summarization instructions 312 of a plurality of
suninarization engines 304 to summarize the received collection of documents

o provide summaries. Computer readable medium 308 includes meta-
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algorithmic pattern instructions 314 of a plurality of meta-algorithmic patterns
306 to summarize the summaries {o provide meta-summaries. Computer
readable medium 308 includes query generation instructions 316 of extracior to
generate a plurality of search queries from the collection of documents.
Computer readable medium 308 includes similarity value determination
instructions 318 of evaluator fo determine the similarity score for each
combination of meta-algorithmic patterns and summarization engines, the
simifarity score indicative of a difference in sgarch behaviors of the collection of
documents and the collection of meta-summaries, where the search behaviors
are responsive 1o the plurality of search queries. Computer readable medium
308 includes deployment instructions 320 of selector to select for deployment a
combination of the meta-algorithmic patterns and the summarization engines,
the selection based on the similarity score. The selected summarization
architecture is then recommended for deployment by processing system 300.
0044} Figure 4 is a flow diagram illustrating one example of a method for data
extraction based on mulliple mela-algorithmic patterns. At 404, content is
filtered to provide a collection of documents. Al 402, a pluralily of search
gueries are generated. At 404, a plurality of combinations of meta-algorithmic
patterns and summarization engines are applied o provide a collection of meta-
summaries. At 408, the plurality of combinations are evaluated 1o determine a
similaniy score of each combination. At 408, a combination of the meta-
algorithmic patterns and the summarization engines having the least simiarily
score is selected.

JO04S] In one example, the method may further include generating a meta-
summary of a given document of the collection of documents by applying the
selected combination of the meta-algorithmic patterns and summarization
engines o the given document, and associating, in 8 datahase, the generated
meta-summary with the given document.

[0046] in one example, the method may further include receiving a search query
directed at a document, and retrieving, from the database, a meta-summary
associated with the document., The method may further include generating,
based on the retrieved meta-summary, search results responsive {o the search
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query. in one exampie, the generated search resulls may be provided via
output devices.

{334 7] Examples of the disclosure provide a generalized system for using
midliple summaries and meta-algorithms to optimize a text-related intelligence
generating or machine intelligence system. The generalized system provides a
pattern-based, automatable approach 1o summarization that may leam and
improve over time, and is not fixed on a single technology or machine leaming
approach. in this way, the content used to represent a larger body of text,
suitable to a wide range of applications, may be opltimized.

[H48] Although specific examples have been lustrated and described herein, a
variely of alternate and/or equivalent implementations may be substituted for the
specific examples shown and described without departing from the scope of the
present disclosure. This application is intended to cover any adaptations or
varigtions of the specific examples discussed herein. Thergfore, it is intended
that this disclosure be limited only by the claims and the equivalents thereof.
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CLAIMS

1. A gystem comprising:

a plurality of summarization engines, each summarization engine {o
receive, via a processing system, a collection of documents fo provide a
summary of each document of the collection of documents;

a plurality of meta-algorithmic patterns, each meta-algorithmic pattern
to be applied to at least two summaries to provide, via the processing
svsiem, a collection of meta-summanes, each mela-summary of the
coliection of meta-summaries provided using the at least two summaries;

an exiractor o generate a plrality of search queries from the
collection of documents; and

an evaluator to determine a similarity score for sach combination of
meta-algonthmic patterns and summarization engines, the similarity score
indicative of a difference in search behaviors of the collection of documents
and the collection of mela-summaries, the search behaviors responsive to

the plurality of search queries.

2. The system of claim 1, further comprising a selector {o select for
deployment, via the processing system, a combination of the meta-
atgorithmic pattems and the summarization engines, the selection based on
the similarity score.

3. The system of claim 2, wherein the selector generates a meta-summary of a
given document of the collection of documents by applying the selected
combination of the meta-algorithmic patlerns and summarization engines to
the given document,

4. The system of claim 1, wherein the evaluation of each combination of meta-
algorithunic patterns and summarizalion engines comprises comparing each
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combination of meta-algorithmic patterns and summarization engines to
training data.

5. The system of claim 2, wherein the similarily score is based on a difference
between a first action of the plurality of search queries on the collection of
documents, and a second action of the plurality of search queries on the

caolfection of mela-summaries.

8. The system of claim 5, wherein the first action and the second action are

based on a ranking of the plurality of search queries.

7. The system of claim 5, wherein the first action and the second action are

based on a weighting of the plurality of search queries.

8. The system of claim 1, wherein the plurality of meta-algorithimic pafterns are
salected from the group comprising weighied voting, predictive selection,
tessellation and recombination, tessellation and recombination with a

decisioner, predictive selection with a secondary engine, and majority voting.

9. A method to extract data from documents based on meta-algorithm
patterns, the method comprising:
fitering content to provide a collection of documents;
generating a plurality of search gueries from the collection of
documents;
applying a plurality of combinations of meta-algorithmic patlerns
and summarization engines, wherein:
each summarization engine provides a summary of each
document of the collection of documents,
each meta-algorithmic pattern {s applied to at least two
summaries to provide, via a processor, a coliection of meta-summaries,
each metg-summary of the collection of mela-summaries provided using

the af least two summaries;
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evaluating the pluralily of combinations to determine a similarity
score of each combination, the similarity score based on a difference
between a first action of the plurality of search queries on the collection of
documents, and a second action of the plurality of search queries on the
collection of mela-summaries; and

selecting a combination of the meta-algorithmic patterns and the

summarization engines having the least similarity score.

10. The method of claim 9, further comprising:
generating a meta-summary of a given document of the collection
of documents by applying the selected cambination of the mela-
algorithmic patterns and summarization engines to the given doecument;
and
associating, in a database, the generated meta-summary with the
given document.

11. The method of claim 10, further comprising:
raceiving a search query divected at a document;
retrieving, from the database, a meta-summary associated with
the document; and
generating, based on the refrieved meta-summary, search results
responsive to the search guery.

12.The method of claim 9, wherein the plurality of meta-algorithmic patterns
are selected from the group comprising weighted voting, predictive
selection, tessellation and recombination, tesseliation and recombination
with a decisioner, predictive selection with a secondary engine, and
majority voling.

13, A non-transitory computer readable medium comprising executable
nstructions o

raceive a collection of documents via a progessor;
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summarize the collection of documents fo provide a plurality of
stimmaries via the processor;

summarize the plurality of summaries using a plurality of meta-
algorithmic patterns to provide a collection of mela-summaries via the
processor;

generate a plurality of search queries from the collection of
documents;

determine a simiarity score of each combination of a plurality of
combinations of meta-algorithmic patterns and summarization engines,
the similarily score based on a difference between a first action of the
plurality of search gueries on the collection of documents, and a second
action of the plurality of search queries on the collection of meta-
summaries; and

select for deployment, via the processor, a combination of the
meta-algorithmic patterns and the summarization engines having the
least simitarity score.

14. The non-transitory computer readable medium of claim 13, wherein the
first action and the second action are based on a ranking of the collection
of search queries.

15. The non-transitory comptter readable medium of claim 13, wherein the
plurality of meta-algorithmic patterns are selected from the group
comprising weighted voting, predictive selection, tessellation and
recombination, tessellation and recombination with a decisioner,

predictive selection with a secondary engine, and majonity voling.
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