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ATTRIBUTE IMPORTANCE DETERMINATION
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The priority of U.S. Provisional Patent Application No. 61/829,665, filed May

31, 2013, is hereby claimed and the specification thereof is incorporated herein by reference.
STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
[0002] Not applicable.
FIELD OF THE DISCLOSURE

[0003] The present disclosure generally relates to attribute importance methods for use
in connection with drilling, production, reservoir simulation and seismic analysis. In particular,
the present disclosure relates to attribute importance determination using segmented atiribute
kerneling (“SAK™) for application to a dataset incorporating real-time drilling surface data logs
and drilling parameters.

BACKGROUND

[0004] Upstream oil and gas industry services work to deliver success throughout the life
cycle of the reservoir, However, conventional sources of oil and gas are declining; therefore
operators are increasingly turning their attention to unexplored and underdeveloped areas. This
includes high pressure/temperature and deepwater areas, as well as working to increase
recoveries in mature fields. As reservoirs become more complex and drilling operations become
more expensive, there is a growing need to reduce inefficiencies and costs. Petroleum engineers
are increasingly using optimized formation evaluation techniques, software with three-
dimensional visualization, and muiti-disciplinafy data interpretation techniques. In addition, data
from new downhole equipment provides reliable, real-time information about downhole

conditions. With these improved techniques and better data, operators can model, predict, and
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control their operations better in real-time, thereby reducing inefficiencies and cost. However,
this massive integration of varied data moving in higher volumes and at increased speeds has put
an increasing demand on the computation and use of actionable and predictive data-driven
analytics. Furthermore, these analytics must work in real-time so as to quickly discover the
important critical data attributes and features for use in forecasting.

[0005] Attribute importance is a well-known statistical technique used to identify critical
attributes and features within a set of attributes that could impact a specific target. Various
standard and custom techniques — each having their own strengths and weaknesses — are
available for performing attribute importance. Each technique applies a different function to
evaluate the importance of an attribute and produces a ranked subset of attributes. Therefore, it is
possible to arrive at different subsets of important attributes based on the choice of the various
attribute importance techniques.

[0006] Attribute importance techniques have been successfully applied to a wide range of
problems in the oil and gas space including drilling, production, reservoir simulation and seismic
analysis. Tn data mining, attribute importance techniques can be used to input parameters for
other types of data mining algorithms or discover knowledge by itself. In this latter task, the rules
that such techniques found are usually general because of each techniques global search and rank
nature, In contrast, most other data mining methods are based on the rule induction paradigm,
where the algorithm usually performs a type of local search. The advantage of such techniques
becomes more obvious when the attribute space of a task is unmanageably large. While use of
multiple statistical techniques to perform attribute importance is common and valuable, deriving
a final set of ranked important attributes that accommodates the output of such techniques is a

time consuming, manual and error prone task.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The present invention is described below with references to the accompanying
drawings in which like elements are referenced with like reference numerals, and in which:

[0008] FIGS. 1A and 1B are a flow diagram illustrating one embodiment of a method

for implementing the present disclosure.

[0009] FIG. 2 is a bar graph illustrating the comparative accuracy of various attribute

importance methods and the method in FIGS. 1A and 1B.
[0010] FIG. 3 is a bar graph illustrating the comparative performance metric of various
attribute importance methods and the method in FIGS. 1A and 1B.
[0011] FIG. 4 is a block diagram illustrating one embodiment of a computer system for
implementing the present disclosure.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] The present disclosure therefore, overcomes one or more deficiencies in the prior
art by providing systems and methods for attribute importance determination using segmented
attribute kerneling,

[0013] In one embodiment, the present disclosure includes a method for determination of
importance of attributes identified in a plurality of attribute importance models selected from a
plurality of available attribute importance models, comprising: i) determining an ordered set of
attributes group by applying the plurality of attribute importance models to the plurality of
attributes, the ordered set of attributes group having a plurality of attributes with a ranked
attribute sequence; ii) determining a subset evaluétor important atfribute group by applying at
least one subset evaluator attribute importance model, at least one classifier to the plurality of

attributes; iii) creating a combined ranked attribute sequence by combining, in descending rank
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order, the ordered set of attributes group and the subset evaluator important atiribuie group
according to one of a constrained model mode and a relaxed model mode; iv) creating a
normalized attribute importance array for each attribute in the combined ranked attribute
sequence, the normalized importance array having a normalized weight; v) creating a tagged
attributes set by tagging each attribute in the combined ranked attribute sequence with a partition
number based on recursive partitioning of the plurality of attributes through a weight range of the
normalized attribute importance array; vi) determining a conditional maximum number of
attributes from the tagged attributes set and the subset evaluator important attribute group; vii}
designating, as attributes for further consideration, the plurality of atfributes in a highest two
partitions of the tagged atfributes set having a non-zero rank in the normalized attribute
importance array and a next highest attribute in the tagged attributes set until the conditional
maximum number of attributes is met; viii) designating, as additional attributes for further
consideration, each of the plurality of attributes in the subset evaluator important attribute group
having a rank greater than zero and which are not designated as aitributes for further
consideration; ix) creating boosted attributes by increasing a normalized weight of eéch atiribute
in the subset evaluator important attribute group which is also designated as an attribute for
further consideration; x) creating an order of attributes according to the normalized weight for
each respective attribute, from the boosted attributes, the attributes designated for further
consideration that are not in the boosted attributes, and the additional attributes designated for
further consideration that are not in the boosted attributes; xi) generating an ordered attribute set
for each attribute in one of the order of atiributes and a modified order of attributes by ordering
each occurrence of each attribute in each of the plurality of attribute importance models in a

descending order according to a number of occurrences; xii) producing a normalized global rank
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for each attribute in one of the order of attributes and the modified order of attributes by
multiplying the number of occurrences of each attribute in one of the order of attributes and the
modified order of attributes by a number of occurrences of each attribute in each ordered attribute
set, an average of the normalized weight of each respective attribute from the normalized attribute
importance array and the normalized weight of each attribute from the boosted attributes; and xiii)
generating one of a normalized ranking list and a modified normalized ranking list for each
attribute in the normalized global rank using a computer processor.

[0014] In another embodiment, the present disclosure includes a non-transitory program
catrier device tangibly carrying computer executable instructions for determination of importance
of attributes identified in a plurality of attribute importance models selected from a plurality of
available attribute importance models, the instructions being executable to implement: i)
determining an ordered set of attribufes group by applying the plurality of attribute importance
models to the plurality of attributes, the ordered set of attributes group having a plurality of
attributes with a ranked attribute sequence; ii) determining a subset evaluator important attribute
group by applying at least one subset evaluator attribute importance model, at least one classifier
to the plurality of attributes; iii) creating a combined ranked attribute sequence by combining, in
descending rank order, the ordered set of atfributes group and the subset evaluator important
attribute group according to one of a constrained model mode and a relaxed model mode; iv)
creating a normalized attribute importance array for each attribute in the combined ranked
attribute sequence, the normalized importance array having a normalized weight; v) creating a
tagged attributes set by tagging each attribute in the combined ranked attribute sequence with a
partition number based on recursive partitioning of the plurality of attributes through a weight

range of the normalized attribute importance array; vi) determining a conditional maximum
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number of attfibutes from the tagged attributes set and the subset evaluator important attribute
group; vii) designating, as attributes for further consideration, the plurality of attributes in a
highest two partitions of the tagged attributes set having a non-zero rank in the normalized
attribute importance array and a next highest attribute in the tagged attributes set until the
conditional maximum number of attributes is met; viii) designating, as additional attributes for
further consideration, each of the plurality of attribufes in the subset evaluator important attribute
group having a rank greater than zero and which are not designated as attributes for further
consideration; ix) creating boosted attributes by increasing a normalized weight of each aftribute
in the subset evaluator important attribute group which is also designated as an attribute for
further consideration; x) creating an order of aftributes according to the normalized weight for
each respective attribute, from the boosted atfributes, the attributes designated for further
consideration that are not in the boosted attributes, and the additional attributes designated for
further consideration that are not in the boosted atfributes; xi) generating an ordered attribute set
for each attribute in one of the order of attributes and a modified order of attributes by ordering
each occurrence of each attribute in each of the plurality of aftribute importance models in a
descending order according to a number of occurrénces; xii) producing a normalized global rank
for each attribute in one of the order of attributes and the modified order of attributes by
multiplying the number of occurrences of each attribute in one of the order of attributes and the
modified order of attributes by a number of occurrences of each attribute in each ordered attribute
set, an average of the normalized weight of each respective attribute from the normalized attribute
importance array and the normalized weight of each attribute from the boosted attributes; and xiii)
generating one of a normalized ranking list and a modified normalized ranking list for each

attribute in the normalized global rank,
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[0015] In yet another embodiment, the present disclosure includes a non-transitory
program carrier device tangibly carrying computer executable instructions for determination of
importance of attributes identified in a plurality of attribute importance models selected from a
plurality of available attribute importance models, the instructions being executable to implement:
i) determining an ordered set of attributes group by applying the plurality of attribute importance
models to the plurality of attributes, the ordered set of attributes group having a plurality of
attributes with a ranked attribute sequence; ii) determining a subset evaluator important attribute
group by applying at least one subset evaluator atiribute importance model, and at least one
classifier to the attributes; iii) creating a combined ranked attribute sequence by combining, in
descending rank order, the ordered set of attributes group and the subset evaluator important
attribute group according to a constrained model mode that limits each attribute in the combined
ranked attribute sequence to each attribute in the subset evaluator important attribute group; iv)
creating a normalized attribute importance array for each attribute in the combined ranked
attribute sequence, the normalized importance array having a normalized weight; v) creating a
tagged aftributes set by tagging each attribute in the combined ranked attribute sequence with a
partition number based on tecursive partitioning of the plurality of atfributes through a weight
range of the normalized attribute importance array; vi) determining a conditional maximum
number of attributes from the tagged attributes set and the subset evaluator important attribute
group; vii) designating, as attributes for further consideration, the plurality of attributes in a
highest two partitions of the tagged attributes set having a non-zero rank in the normalized
attribute importance array and a next highest attribute in the tagged attributes set until the
conditional maximum number of attributes is met; viii) designating, as additional attributes for

further consideration, each of the plurality of attributes in the subset evaluator important attribute
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group having a rank greater than zero and which are not designated as attributes for further
consideration; ix) creating boosted attributes by increasing a normalized weight of each attribute
in the subset evaluator important attribute group which is also designated as an attribute for
further consideration; x) creating an order of attributes according to the normalized weight for
each respective attribute, from the boosted attributes, the attributes designated for further
consideration that are not in the boosted attributes, and the additional attributes designated for
further consideration that are not in the boosted attributes; xi) generating an ordered attribute set
for each attribute in one of the order of attributes and a modified order of attributes by ordering
each occurrence of each attribute in each of the plurality of attribute importance models in a
descending order according to a number of occurrences; xii) producing a normalized global rank
for each attribute in one of the order of attributes and the modified order of attributes by
multiplying the number of occurrences of each attribute in one of the order of attributes and the
modified order of attributes by a number of occurrences of each attribute in each ordered attribute
set, an average of the normalized weight of each respective attribute from the normalized attribute
importance array and the normalized weight of each attribute from the boosted attributes; and xiii)
generating one of a normalized ranking list and a modified normalized ranking list for each
attribute in the normalized global rank.

[0016] The subject matter of the present disclosure is described with specificity,
however, the description itself is not intended to limit the scope of the disclosure. The subject
matter thus, might also be embodied in other ways, to include different steps or combinations of
steps similar to the ones described herein, in conjunction with other technologies. Moreover,
although the term “step” may be used herein to describe different elements of methods employed,

the term should not be interpreted as implying any particular order among or between various
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steps herein disclosed unless otherwise expressly limited by the description to a particular order.
While the present description refers to the oil and gas industry, it is not limited thereto and may
also be applied in other industries to achieve similar results.

Method Description

[0017] Referring now to FIGS. 1A and 1B, a flow diagram illustrates one embodiment
of a method 100, which may sometimes be referred to as the SAK method. The SAK method is
a generic algorithm-based, domain-expert assisted method of deriving important attributes using
selected multiple attribute importance techniques, wherein each of the selected multiple attribute
importance techniques use some or all of selected attributes, and then intelligently fuses the
results of the selected multiple attribute importance techniques to arrive at a fused subset of
important attributes. In particular, the method 100 takes the output of each of the selected
multiple attribute importance techniques and arrives at a bridged and ranked set of attributes
using a pan-method ranking mechanism that incorporates important aspects, such as the number
of the selected multiple attribute importance techniques that utilize the selected attribute, the
ranking of the attribute in each of the sets of attributes generated by the selected muliiple
attribute importance techniques, the membership of an attribute in a subset, and the extent of its
influence, and more. The method 100 also allows for domain expert input at key stages and may
be used in highly dimensional datasets.

[0018] In step 101, Attributes, Attribute Importance Models, Subset Evaluator Attribute
Importance Models, Classifiers, Target Attributes, and a Constrained Model Mode and a Relaxed
Model Mode are input.

[0019] In step 102, at least two models from the Atiribute Importance Models, at least

one model from the Subset Evaluator Attribute Importance Models, at least one classifier from
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the Classifiers, either the Constrained Model Mode or the Relaxed Model Mode, and a target
attribute from the Target Attributes input in step 101 are selected for attribute importance
determination using the client interface and/or the video interface described further in reference
to FIG. 4 and techniques well known in the art.

[0020] In step 104, an Ordered Set of Attributes Group Having a Ranked Atiribute
Sequence is determined by applying the Attribute Importance Models selected in step 102 to the
Attributes from step 101. The selected Attribute Importance Models are applied across the entire
un-ordered set of selected Attributes.

[0021] In step 106, a Subset Evaluator Important Attribute Group is determined by
applying the Subset Evaluator Aftribute Importance Models, the Classifier, and either the
Constrained Model Mode or the Relaxed Model Mode selected in step 102 to the Attributes from
step 101. Thus, in step 106, the selected Subset Evaluator Attribute Importance Models are used
to identify attribute subsets that influence the Target Attribute as a group. Using an input of
unordered data sets with several attributes and a target attribute, the method 100 provides, using
methods well kﬁown in the art, a subset array,

[0022] In step 108, a Combined Ranked Atfribute Sequence is created by combining, in
descending rank order, the Ordered Set of Atiributes Group Having a Ranked Attribute Sequence
determined in step 104 and the Subset Evaluator Important Attribute Group determined in step
106 according to the model mode selected in step 102. If the Constrained Model Mode is
selected in step 102, then the output of each Subset Evaluator Attribute Importance Model is
used as a pre-filter or restriction on the number of attributes to be further considered in the
method 100, limiting the attributes in the Combined Rank Attribute Sequence to those attributes

found in the Subset Evaluator Important Attribute Group determined in step 106. If the Relaxed
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Model Mode is selected in step 102, then the output of each Subset Evaluator Attribute
Importance Model does not restrict the number of attributes to be further considered in the
method 100.

[0023] In step 110, a Normalized Attribute Importance Array, with normalized weight,
for each attribute in the Combined Ranked Attribute Sequence created in step 108 is created.
Thus, for the Ordered Set of Attributes Group Having a Ranked Atiribute Sequence determined
in step 104, a Normalized Attribute Importance Array is generated by the method 100. In
particular, the normalized attribute weight for each selected Attribute Importance Model may be
computed by dividing the weight of the Aftribute by the weight range for the selected Attribute
Importance Model.

[0024] In step 112, a Tagged Attributes Set is created by tagging each attribute in the
Combined Ranked Attribute Sequence created in step 108 with a partition number based on
recursive partitioning of the attribute through the weight range of the Normalized Attribute
Importance Array created in Step 110. The number of recursive partitions may be manually
selected using the client interface and/or the video inferface described further in reference to
FIG. 4 and technigues well known in the art.

[0025] In step 114, a Conditional Maximum Number of Attributes is determined from the
Tagged Attributes Set created in step 112 and the Subset Evaluator Important Attribute Group
determined in step 106. The Conditional Maximum Number of Attributes determined in this
step using a distribution-free approach, i.e. an approach irrespective of the distribution of the
attributes, is one half of the total number of attributes having a non-zero ranking. Alternatively, a
distribution-based approach, such as those known in the art, may be used to similarly determine

the Conditional Maximum Number of Atiributes.

11



WO 2014/193474 PCT/US2013/073398

[0026] In step 116, Atiributes for Further Consideration are designated, namely the
attributes in the highest two partitions of the Tagged Attributes Set created in step 112, which
have non-zero ranks in the Normalized Attribute Importance Array created in step 110, and, to
the extent the Conditional Maximum Number of Attributes determined in Step 114 has not been
exceeded, the next highest attributes of the Tagged Attribute Set created in step 112 until the
Conditional Maximum Number of Aftributes determined in step 114 is met.

[0027] In step 118, Additional Attributes for Further Consideration are designated,
namely the attributes of the Subset Evaluator Important Attribute Group determined in step 106
having a rank greater than zero and which are not among the Attributes for Further Consideration
selected in step 116.

[0028] In step 120, Boosted Attributes are created by increasing the normalized weight
according to a boost formula of each attribute from the Subset Evaluator Important Attribute
Group determined in step 106 when the attribute is also found in the Atiributes for Further
Consideration designated in step 116. The normalized weight of the attribute is boosted, as it
influences the target attribute as an individual as well as a group, by a Subset Boost Factor. The

Subset Boost Factor is a normalized multiplicative factor  defined as

a5 s )
' (El:ii“iu-mbir of attributes;

14 :
i Total Number of attributes

)-t Darping factor | where ss is the number of Subset

Evaluator Attribute Importance Models selected in step 102, the Number of attributes; is the
number of attributes found in the Subset Evaluator Important Attribute Group determined in step
106 for that Subset Evaluator Attribute Importance Model selected in step 102 (thus important

attributes), and the Total Number of attributes is the number of attributes input in step 101. The
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Damping factor is defaulted to 0,75, but may be configured to another value.

[0029] In step 112, an Order of Attributes is created from the Boosted Attributes created
in step 120, the attributes in the Additional Attributes for Further Consideratiqn designated in
step 118, which were not boosted in step 120, and the Aftributes for Further Consideration
designated in step 116, which were not boosted in step 120. The Order of Attributes is ordered
by normalized weight. This ranked and ordered set of attributes by Attribute Importance Models
may be presented to a domain expert, which may be a user or which may be an automated
system.

[0030] [n step 124, the method 100 determines whether to modify the Order of Attributes
created in step 122 according to the domain expert. This step can be automated by storing
domain expert preferences as rules and applying them in batch. If the domain expert elects to
modify the Order of Attributes created in step 122, then the method 100 proceeds to step 126,
otherwise the method 100 proceeds to step 128.

[0031] In step 126, a Modified Order of Attributes is created by modifying the order or
the number of attributes in the Order of Attributes created in step 122, using the client interface
and/or the video interface described further in reference to FIG. 4 and techniques well known in
the art. This step can be automated by storing domain expert preferences as rules and applying
them in batch.

[0032] In step 128, an Ordered Attribute Set is generated for each attribute in the Order
of Attributes created in step 122 or in the Modified Order of Attributes created in step 126 by
ordering each occurrence of the attributes in each of the Attribute Importance Models selected in
step 102, in descending order of the number of occurrences,

[0033] In step 130, a Normalized Global Rank is produced for each attribute in the Order

13
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of Attributes created in step 122 or for each attribute in the Modified Order of Attributes created
in step 126 by multiplying the number of occurrences of the attribute by the number of
occurrences of the attribute among each Ordered Attribute Set generated in step 128 and by the
average of the normalized weight of the attribute from the Normalized Aftribute Importance
Array created in step 110 and by the normalized weight of the atfribute from the Boosted
Attributes created in step 120.

[0034] In step 132, a Normalized Ranking List is generated for each attribute in the
Normalized Global Rank produced in step 130 for display to a domain expert as a segmented
ranked set together with the ranking number.

[0035] In step 134, the method 100 determines whether to modify the Normalized
Ranking List generated in step 132 according to the domain expert. This step can be automated
by storing domain expert preferences as rules and applying them in batch. If the domain expert
elects to modify the Normalized Ranking List, then the method 100 proceeds to step 136;
otherwise the method 100 proceeds to step 138.

[0036] In step 136, a Modified Normalized Ranking List is generated by deselecting an
attribute in the Normalized Ranking List generated in step 132 using the client interface and/or
the video interface described further in reference to FIG. 4 and techniques well known in the art,
This step may be automated by storing domain expert preferences as rules and applying them in
batch.

[0037] In step 138, a Classification Accuracy Measure for the target attribute, identifying
the ratio of correct classifications of the target attribute selected in step 102 to the total number
of instances in the data set of the target attributes selected in step 102, is determined using a

classification algorithm known in the art, which uses the aftributes from step 101, the attributes
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in the Combined Ranked Attribute Sequence created in step 108, and a group of attributes from
the Ordered Attribute Set of step 128 having at least a minimum number of occurrences.

[0038] In step 140, the attributes from step 101 are displayed in the order as found in the
Normalized Ranking List generated in step 132 or the Moditied Normalized Ranking List
generated in step 136, with the Normalized Global Rank produced in step 130, the rank of each
attribute from the Normalized Ranking List generated in step 132, and the Classification
Accuracy Measure for the target attribute is computed in step 138. The display enables the
identification of any atiribute that has a position in the Normalized Global Rank higher than a
predetermined rank, which represents a new discovered attribute.

[0039] In step 142, a SAK Performance Metric (SAKPM) is computed for each Attribute
Importance Model selected in step 102 using the number of new discovered attributes identified
in the display from step 140, the number of attributes from step 101, the number of attributes in
the Subset Evaluator Important Aftribute Group determined in step 106, the Classification
Accuracy Measure computed in step 138, the number of models in the Attribute Importance
Models selected in step 102, the number of Attribute Importance Models from step 101. The
SAKPM, as computed for cach Attribute Importance Model selected in step 102, includes a
dimensionality reduction measure, the Classification Accuracy Measure computed in step 138,
and a discovery measure determined using the number of new discovered attributes identified in
the display from step 140. Thus, the SAKPM may be generally presented as SAKPM = DR * A
* D, where DR is the dimensionality reduction measure, A is the Classification Accuracy
Measure for the target attribute computed in step 138, and D is the discovery measure. The

dimensionality reduction measure is determined according to the following:

total number of models )

DR = (

nrumbgr of reduced modals
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where the fofal number of models is the number of Attribute Importance Models from step 101
and the number of reduced models is the number of different combined attribute importance
models generated according to the method 100. Different combined attribute importance models
may be generated by method 100 using a lower minimum number of occurrences of an attribute
set from the Ordered Attribute Set of step 128. The discovery measure is determined according

to the following:

number of new discovered attributes + 1
total number of attributes
D=1+ . - )
number of important attributes
total number of attributes

where the number of new discovered attributes is the number of new discovered attributes
identified in the display from step 140, the total number of atiributes is the number of attributes
from step 10, and the number of important attributes is the number of attributes in the

Combined Ranked Attribute Sequence from step 108,
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Example

[0040] As an example, the method 100 was tested on a hypothetical Stuck Pipe dataset
and compared to the results of conventional attribute importance methods. The hypothetical
highly dimensional Stuck Pipe dataset used was highly dimensional, with eighty-five attributes,
making possible a high prediction of accuracy. Application of the selected attribute importance
techniques to the hypothetical dataset, generated an identification of important attributes, from
which the computation of accuracy and SAKPM was obtained.

[0041] In the example, the Attribute Importance Models selected in step 102 were
ChiSquared, Corelation, GainRatio, InfoGain, ReliefF, SVM, and SymmetricalUncert. The
Subset Evaluator Attribute Importance Models selected in step 102 were Cfs — Best First search,
Wrapper — Naive Bayes classifier, Greedy Stepwise search. As a result, twenty-one (21)
Attribute Importance Models are used. The Target Attribute is Stuck Pipe Present. Method 100
was performed in Relaxed Mode,

[0042] As illustrated in FIG. 2, the Classification Accuracy Measure for the target
attribute of various attribute importance methods, including the method 100, is presented in a bar
graph, confirming the method 100 provides comparative responses while avoiding the time
consuming, manual and error prone task of running each of the other methods separately to
obtain a compilation providing similar results.

[0043] When the SAK Performance Metric of the method 100 is computed in step 142
for each of the selected Attribute Importance Models selected in step 102 and the SAK method,
the SAK Performance Metric verifies the utility of the method 100 compared to the individual

Attribute Importance Models, as illustrated in FIG. 3.
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System Description

[0044] The present disclosure may be implemented through a computer-cxecutable
program of instructions, such as program modules, generally referred to software applications
or application programs executed by a computer. The software may include, for example,
routines, programs, objects, components, and data structures that perform particular tasks or
implement particular abstract data types. The software forms an interface to allow a computer to
react according to a source of input. ZetaAnalytics®, which is a commercial software
application marketed by Landmark Graphics Corporation, may be used as an interface
application to implement the present disclosure. The software may also cooperate with other
code segments to initiate a variety of tasks in response to data received in conjunction with the
source of the received data. The software may be stored and/or carried on any variety of
memory such as CD-ROM, magnetic disk, bubble memory and semiconductor memory (e.g.,
various types of RAM or ROM). Furthermore, the software and its results may be transmitted
over a variety of carrier media such as optical fiber, metallic wire, and/or through any of a
variety of networks, such as the Internet.

[0045] Moreover, those skilled in the art will appreciate that the disclosure may be
practiced with a varicty of computer-system configurations, including hand-held devices,
multiprocessor  systems, microprocessor-based or programmable-consumer  electronics,
minicomputers, mainframe computers, and the like. Any number of computer-systems and
computer networks are acceptable for use with the present disclosure. The disclosure may be
practiced in distributed-computing environments where tasks are performed by remote-
processing devices that arc linked through a communications network. In a distributed-

computing environment, program modules may be located in both local and remote computer-
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storage media including memory storage devices. The present disclosure may therefore, be
implemented in connection with various hardware, software or a combination thereof, in a
computer system or other processing system.,

[0046] Referring now to FIG, 4, a block diagram illustrates one embodiment of a system
for implementing the present disclosure on a computer. The system includes a computing unit,
sometimes referred to as a computing system, which contains memory, application programs, a
client interface, a video interface, and a processing unit. The computing unit is only one
example of a suitable computing environment and is not intended to suggest any limitation as to
the scope of use or functionality of the disclosure.

[0047] The memory primarily stores the application programs, which may also be
described as program modules containing computer-executable instructions, execuied by the
computing unit for implementing the present disclosure described herein and illustrated in FIGS.
1A and 1B. The memory therefore, includes an Attribute Importance Determination module,
which enables certain steps described in reference to FIGS. 1A and 1B. In particular,
ZetaAnalytics® may be used as an interface application to perform steps 101, 102, 104, 105, 108
and 142 (in part) in FIGS. 1A and 1B. The Attribute Importance Determination module
performs the remainder of the steps in FIGS. 1A and 1B, Although ZetaAnalytics® may be
used as the interface application, other interface applications may be used, instead, or the
Attribute Importance Determination module may be used as a stand-alone application. Many of
the various steps are amenable to parallelization, particularly steps 104-122, steps 128-132, step
138 and step 142,

[0048] Although the computing unit is shown as having a generalized memory, the

computing unit typically includes a variety of computer readable media. By way of example,
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and not limitation, computer readable media may comprise computer storage media and
communication media. The computing system memory may include computer storage media in
the form of volatile and/or nonvolatile memory such as a read only memory (ROM) and random
access memory (RAM). A basic input/output system (BIOS), containing the basic routines that
help to transfer information between elements within the computing unit, such as during start-up,
is typically stored in ROM. The RAM typically contains data and/or program modules that are
immediately accessible to and/or presently being operated on by the processing unit. By way of
example, and not limitation, the computing unit includes an operating system, application
programs, other program modules, and program data.

[0049] The components shown in the memory may also be included in other
removable/nonremovable, volatile/nonvolatile computer storage media or they may be
implemented in the computing unit through an application program interface (“API”) or cloud
computing, which may reside on a separate computing unit connected through a computer
system or network. For example only, a hard disk drive may read from or write to
nonremovable, nonvolatile magnetic media, a magnetic disk drive may read from or write to a
removable, nonvolatile magnetic disk, and an optical disk drive may read from or write to a
removable, nonvolatile optical disk such as a CD ROM or other optical media. Other
removable/non-removable, volatile/nonvolatile computer storage media that can be used in the
exemplary operating environment may include, but are not limited to, magnetic tape cassettes,
flash memory cards, digital versatile disks, digital video tape, solid state RAM, solid state ROM,
and the like, The drives and their associated computer storage media discussed above provide
storage of computer readable instructions, data structures, program modules and other data for

the computing unit,
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[0050] A client may enter commands and information into the computing unit through
the client interface, which may be input devices such as a keyboard and pointing device,
commonly referred to as a mouse, trackball or touch pad. Input devices may include a
microphone, joystick, satellite dish, scanner, or the like. These and other input devices are often
connected to the processing unit through the client interface that is coupled to a system bus, but
may be connected by other interface and bus structures, such as a parallel port or a universal
serial bus (USB).

[0051] A monitor or other type of display device may be connected to the system bus
via an interface, such as a video interface. A graphical user interface (“GUI™) may also be used
with the video interface to receive instructions from the client interface and transmit instructions
to the processing unit. In addition to the monitor, computers may also include other peripheral
output devices such as speakers and printer, which may be connected through an output
peripheral interface.

[0052] Although many other internal components of the computing unit are not shown,
those of ordinary skill in the art will appreciate that such components and their interconnection
are well known.

[0053] While the present disclosure has been described in connection with presently
preferred embodiments, it will be understood by those skilled in the art that it is not intended to
limit the disclosure to those embodiments. Tt is therefore, contemplated that various alternative
embodiments and modifications may be made to the disclosed embodiments without departing
from the spirit and scope of the disclosure defined by the appended claims and equivalents

thereof.,
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CLAIMS

A method for determination of importance of attributes identified in a plurality of
attribute importance r-nodeIS selected from a plurality of available attribute importance
models, comprising:

determining an ordered set of attributes group by applying the plurality of
attribute importance models to the plurality of attributes, the ordered set of attributes -
group having a plurality of attributes with a ranked attribute sequence;

determining a subset evaluator important attribute group by applying at least one
subset evaluator attribute importance model, at least one classifier to the plurality of
attributes;

creating a combined ranked atiribute sequence by combining, in descending rank
order, the ordered set of atiributes group and the subset evaluator important atiribute
group according to one of a constrained model mode and a relaxed model mode;

creating a normalized attribute importance array for each attribute in the
combined ranked attribute sequence, the normalized importance array having a
normalized weight;

creating a tagged attributes set by tagging each attribute in the combined ranked
attribute sequence with a partition number based on recursive partitioning of the plurality
of attributes through a weight range of the normalized attribute importance array;

determining a conditional maximum number of attributes from the tagged
attributes set and the subset evaluator important atiribute group;

designating, as attributes for further consideration, the plurality of attributes in a

highest two partitions of the tagged attributes set having a non-zero rank in the
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normalized attribute importance array and a next highest attribute in the tagged attributes
set until the conditional maximum number of attributes is met;

designating, as additional attributes for further consideration, each of the plurality
of attributes in the subset evaluator important attribute group having a rank greater than
zero and which are not designated as attributes for further consideration;

creating boosted attributes by increasing a normalized weight of each attribute in
the subset evaluator important attribute group which is also designated as an attribute for
further consideration;

creating an order of attributes according to the normalized weight for each
respective attribute, from the boosted attributes, the attributes designated for further
consideration that are not in the boosted attributes, and the additional attributes
designated for further consideration that are not in the boosted attributes;

generating an ordered attribute set for each attribute in one of the order of
attributes and a modified order of attributes by ordering each occurrence of each attribute
in each of the plurality of attribute importance models in a descending order according to
a number of occurrences;

producing a normalized global rank for each attribute in one of the order of
attributes and the modified order of attributes by multiplying the number of occurrences
of each attribute in one of the order of attributes and the modified order of attributes by a
number of occurrences of each attribute in each ordered attribute set, an average of the
normalized weight of each respective attribute from the normalized attribute importance
array and the normalized weight of each atiribute from the boosted attributes; and

generating one of a normalized ranking list and a modified normalized ranking list
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for each attribute in the normalized global rank using a computer processor.

The method of claim 1, further comprising:

computing a classification accuracy measure for a target attribute using a classification
algorithm on the plurality of aftributes, each attribute in the combined ranked attribute
sequence and each attribute of the ordered attribute set according to the number of

OCCUIrences.

The method of claim 2, further comprising:
identifying each attribute having a position in the normalized global rank higher than a

predetermined rank as a new discovered attribute.

The method of claim 3, further comprising:

computing a performance metric using a number of new discovered attributes, a number
of the plurality of atiributes, a number of the plurality of attributes in the subset evaluator
important attribute group, the classification accuracy measure for the target atiribute, a
number of the plurality of attribute importance models, and a number of the available

attribute importance models.

The method of claim 1, wherein the modified order of attributes is created by removing at

least one of the plurality of attributes from the order of attributes.

The method of claim 1, wherein the modified normalized ranking list is generated by
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removing at least one of the plurality of attributes from the normalized ranking list.

The method of claim 1 wherein each attribute in the combined ranked attribute sequence
is limited by the constrained model mode to each attribute in the subset evaluator

important attribute group.

A non-transitory program carrier device tangibly carrying computer executable
instructions for determination of importance of attributes identified in a plurality of
attribute importance models selected from a plurality of available attribute importance
models, the instructions being executable to implement:

determining an ordered set of attributes group by applying the plurality of
attribute importance models to the plurality of attributes, the ordered set of attributes
group having a plurality of attributes with a ranked attribute sequence;

determining a subset evaluator important attribute group by applying at least one
subset evaluator atiribute importance model, at least one classifier to the plurality of
attributes;

creating a combined ranked attribute sequence by combining, in descending rank
order, the ordered set of attributes group and the subset evaluator important attribute
group according to one of a constrained model mode and a relaxed model mode;

creating a normalized attribute importance array for each attribute in the
combined ranked afiribute sequence, the normalized importance array having a
normalized weight;

creating a tagged attributes set by tagging each attribute in the combined ranked

25



WO 2014/193474 PCT/US2013/073398

attribute sequence with a partition number based on recursive partitioning of the plurality
of attributes through a weight range of the normalized attribute importance atray;

determining a conditional maximum number of attributes from the tagged
attributes set and the subset evaluator important attribute group;

designating, as attributes for further consideration, the plurality of attributes in a
highest two partitions of the tagged attributes set having a non-zero rank in the
normalized attribute importance array and a next highest attribute in the tagged attributes
set until the conditional maximum number of attributes is met;

designating, as additional attributes for further consideration, each of the plurality
of attributes in the subset evaluator important attribute group having a rank greater than
zero and which are not designated as attributes for further consideration;

creating boosted attributes by increasing a normalized weight of each attribute in
the subset evaluator important attribute group which is also designated as an attribute for
further consideration;

creating an order of attributes according to the normalized weight for each
respective attribute, from the boosted attributes, the atfributes designated for further
consideration that are not in the boosted attributes, and the additional attributes
designated for further consideration that are not in the boosted aftributes;

generating an ordered attribute set for each attribute in one of the order of
attributes and a modified order of attributes by ordering each occurrence of each attribute
in each of the plurality of attribute importance models in a descending order according to
a number of occurrences;

producing a normalized global rank for each attribute in one of the order of
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attributes and the modified order of attributes by multiplying the number of occurrences
of each attribute in one of the order of attributes and the modified ordér of attributes by a
number of occurrences of each atiribute in each ordered attribute set, an average of the
normalized weight of each respective attribute from the normalized attribute importance
array and the normalized weight of each attribute from the boosted attributes; and
generating one of a normalized ranking list and a modified normalized ranking ‘Iist

for each attribute in the normalized global rank.

The program carrier device of claim 8, further comprising:

computing a classification accuracy measure for a target attribute using a classification
algorithm on the plurality of attributes, each attribute in the combined ranked attribute
sequence and each attribute of the ordered attribute set according to the number of

OCCUITrences.

The program carrier device of claim 9, further comprising:
identifying each atiribute having a position in the normalized global rank higher than a

predetermined rank as a new discovered attribute.

The program carrier device of claim 10, further comprising:

computing a performance metric using a number of new discovered attributes, a number
of the plurality of attributes, a number of the plurality of attributes in the subset evaluator
important attribute group, the classification accuracy measure for the target atiribute, a

number of the plurality of attribute importance models, and a number of the available
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attribute importance models.

The program catrier device of claim 8, wherein the modified order of attributes is created

by removing at least one of the plurality of attributes from the order of attributes.

The program carrier device of claim 8, wherein the modified normalized ranking list is
generated by removing at least one of the plurality of attributes from the normalized

ranking list,

The program carrier device of claim 8 wherein cach attribute in the combined ranked
attribute sequence is limited by the constrained model mode to each attribute in the subset

evaluator important attribute group.

A non-transitory program carrier device tangibly carrying computer executable
instructions for determination of importance of attributes identified in a plurality of
attribute importance models selected from a plurality of available attribute importance
models, the instructions being executable to implement:

determining an ordered set of attributes group by applying the plurality of
attribute importance models to the plurality of attributes, the ordered set of attributes
group having a plurality of attributes with a ranked attribute sequence;

determining a subset evaluator important attribute group by applying at least one
subset evaluator attribute importance model, and at least one classtfier to the attributes;

creating a combined ranked attribute sequence by combining, in descending rank
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order, the ordered set of attributes group and the subset evaluator important attribute
group according to a constrained model mode that limits each attribute in the combined
ranked attribute sequence to each attribute in the subset evaluator important attribute
group;

creating a normalized attribute importance array for each attribute in the
combined ranked attribute sequence, the normalized importance array having a
normalized weight;

creating a tagged attributes set by tagging each attribute in the combined ranked
attribute sequence with a partition number based on recursive partitioning of the plurality
of atiributes through a weight range of the normalized attribute importance array;

determining a conditional maximum number of attributes from the tagged
attributes set and the subset evaluator important attribute group;

designating, as attributes for further consideration, the plurality of attributes in a
highest two partitions of the tagged attributes set having a non-zero rank in the
normalized atfribute importance array and a next highest attribute in the tagged attributes
set until the conditional maximum number of attributes is met;

designating, as additional attributes for further consideration, each of the plurality
of attributes in the subset evaluator important attribute group having a rank greater than
zero and which are not designated as attributes for further consideration;

creating boosted attributes by increasing a normalized weight of each attribute in
the subset evaluator important attribute group which is also designated as an attribute for
further consideration;

creating an order of attributes according to the normalized weight for each
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respective attribute, from the boosted attributes, the attributes designated for further
consideration that are not in the boosted attributes, and the additional attributes
designated for further consideration that are not in the boosted attributes;

generating an ordered attribute set for each aftribute in one of the order of
attributes and a modified order of attributes by ordering each occurrence of each attribute
in each of the plurality of attribute importance models in a descending order according to
a number of occurrences;

producing a normalized global rank for each attribute in one of the order of
attributes and the modified order of attributes by multiplying the number of occurrences
of each attribute in one of the order of attributes and the modified order of attributes by a
number of occurrences of each attribute in each ordered attribute set, an average of the
normalized weight of each respective attribute from the normalized attribute importance
array and the normalized weight of each attribute from the boosted attributes; and

generating one of a normalized ranking list and a modified normalized ranking list

for each attribute in the normalized global rank.

The program carrier device of claim 15, further comprising:

computing a classification accuracy measure for a target attribute using a classification
algorithm on the plurality of attributes, each atiribute in the combined ranked attribute
sequence and each attribute of the ordered attribute set according to the number of

OCCUIrcnces.

The program carrier device of claim 16, further comprising:
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identifying each attribute having a position in the normalized global rank higher than a

predetermined rank as a new discovered attribute.

The program carrier device of claim 17, further comprising:

computing a performance metric using a number of new discovered attributes, a number
of the plurality of attributes, a number of the plurality of attributes in the subset evaluator
important attribute group, the classification accuracy measure for the target atiribute, a
number of the plurality of attribute importance models, and a number of the available

attribute importance models.

The program carrier device of claim 15, wherein the modified order of attributes is

created by removing at least one of the plurality of attributes from the order of attributes.

The program carrier device of claim 15, wherein the modified normalized ranking list is

generated by removing at least one of the plurality of attributes from the normalized

ranking list,
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