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DATA FILTERING AND MINING USING MULTIPLE-LEVEL, COMPOSITE-
ATTRIBUTE TREE-NODE DIAGRAMS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] Not applicable.
STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
[0002] Not applicable,
FIELD OF THE DISCLOSURE

[0003] The present disclosure generally relates to systems and methods for data filtering
and mining using multiple-level, composite-attribute tree-node diagrams. More particularly, the
present disclosure relates to data filtering and mining using multiple-level, composite-attribute
tree-node diagrams to quickly select and analyze data of interest.

BACKGROUND

[0004] In most situations involving large and complex datasets with many fields or
columns, conventional data filtering and mining is used to sort through the whole dataset for
data of interest. The traditional approach therefore, requires selecting the preferred field(s),
identifying key words in the field(s) for data filtering, culling key data from the field(s) and
analyzing the key data to find the data of interest. Typically, multiple fields or columns must be
analyzed before identifying key words for data filtering. And, more importantly, the whole
dataset must be reviewed to select the preferred field(s).

BRIEF DESCRIPTION OF THE DRAWINGS

[0001] The present disclosure is described below with references to the accompanying

drawings in which like elements are referenced with like reference numerals, and in which:

[0002] FIG. 1. is a flow diagram illustrating one embodiment of a method for
1
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implementing the present disclosure.

[0003] FIG. 2. is a flow diagram illustrating one embodiment of a method for performing
step 106 in FIG. 1.

[0004] FIG. 3. is a flow diagram illustrating another embodiment of a method for
performing step 106 in FIG. 1.

[0005] FIG. 4. is a flow diagram illustrating another embodiment of a method for
performing step 106 in FIG. 1.

[0006] FIG. 5 is a flow diagram illustrating one embodiment of a method for performing
steps 204, 318, 328, 418 and 428 in FIGS. 2-4.

[0007] FIG. 6 is an exemplary tree-node diagram illustrating the result of step 106 in
FIG. 1.

[0008] FIG. 7 is an exemplary tree-node diagram illustrating the result of steps 202-222
in FIG. 2.

[0009] FIG. 8 is an exemplary tree-node diagram illustrating the result of steps 202-206
and 224-238 in FIG. 2.

[0010] FIG. 9 is an exemplary tree-node diagram illustrating the result of steps 302-322
in FIG. 3.

[0011] FIG. 10 is an exemplary tree-node diagram illustrating the result of steps 302-306
and 324-338 in FIG. 3.

[0012] FIG. 11 is an exemplary tree-node diagram illustrating the result of steps 402-422
in FIG. 4. |

[0013] FIG. 12 is an exemplary tree-node diagram illustrating the result of steps 402-406

2
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aﬁd 424-438 in FIG. 4.

[0014] FIG. 13 is a table illustrating a general data structure with multiple fields.

[0015] FIG. 14 is a table illustrating an optimization of the general data structure
illustrated in FIG. 13.

[0016] FIG. 15 is an attribute index table and a mapping table for the attribute index
table illustrating an optimization of the data structure illustrated in FIG. 14.

[0017] FIG. 16 is a block diagram illustrating one embodiment of a for implementing the
present disclosure on a computer system.

[0018] FIG. 17 is a block diagram illustrating one embodiment of a computer system for
implementing the present disclosure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] The present disclosure overcomes one or more deficiencies in the prior art by
providing systems and methods for data filtering and mining using multiple-level, composite-
attribute tree-node diagrams to quickly select and analyze data of interest.

[0020] In one embodiment, the present disclosure includes a method for a method for
filtering data using a multiple-level, composite-attribute tree-node diagram, which comprises:
i) building a K tree comprising multiple K nodes and one or more K node paths using a
computer processor, wherein each K node path includes a K node that represents a root node
and another K node that represents a last node; ii) connecting one or more A nodes to at least
one of 1) each root node in the K tree, wherein each A node is connected to at least one of the
root nodes in the K tree; 2) a respective last node in the K tree; and 3) a respective B node; i)

connecting one or more B nodes to at least one of 1) each root node in the K tree, wherein each
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B node is connected to at least one of the root nodes in the K tree; 2) a respective last node in
the K tree; and 3) a respective A node; and iv) wherein each K node represents a key attribute
node that uniquely identifies a message, each A node represents a computer attribute node and
each B node represents a computer attribute node.

[0021] In another embodiment, the present disclosure includes a non-transitory program
carrier device tangibly carrying computer-executable instructions for filtering data using a
multiple-level, composite-attribute tree-node diagram, the instructions being executable to
implement: i) building a K tree comprising multiple K nodes and one or more K node paths,
wherein each K node path includes a K node that represents a root node and another K node
that represents a last node; ii) connecting one or more A nodes to at least one of 1) each root
node in the K tree, wherein each A node is connected to at least one of the root nodes in the K
tree; 2) a respective last node in the K tree; and 3) a respective B node; iii) connecting one or
more B nodes to at least one of 1) each root node in the K tree, wherein each B node is
connected to at least one of the root nodes in the K tree; 2) a respective last node in the K tree;
and 3) a respective A node; and iv) wherein each K node represents a key attribute node that
uniquely identifies a message, each A node represents a computer attribute node and each B
node represents a computer attribute node.

[0022] In yet another embodiment, the present disclosure includes a non-transitory
program carrier device tangibly carrying computer-executable instructions for filtering data
using a multiple-level, composite-attribute tree-node diagram, the instructions being executable
to implement: i) building a K tree comprising multiple K nodes and one or more K node paths,

wherein each K node path includes a K node that represents a root node and another K node
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that represents a last node; ii) connecting one or more A nodes to at least one of 1) each root
node in the K tree, wherein each A node is connected to at least one of the root nodes in the K
tree; 2) a respective last node in the K tree; and 3) a respective B node; iii) connecting one or
more B nodes to at least one of 1) each root node in the K tree, wherein each B node is
connected to at least one of the root nodes in the K tree; 2) a respective last node in the K tree;
and 3) a respective A node; iv) wherein each K node represents a key attribute node, each A
node represents a computer attribute node, each B node represents a computer attribute node;
and v) the tree-node diagram including multiple data fields, wherein the multiple K nodes are
not restrained to a single data field.

[0023] 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 present or future
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 steps herein disclosed unless otherwise expressly limited by
the description to a particular order. The present disclosure may be applied in many different
industries to quickly select and analyze data of interest such as, for example, data for
optimizing oil and gas production and data for predicting weather patterns.

Method Description
[0024] The following description includeks methods for data filtering and mining using

multiple-level, composite-attribute tree-node diagrams to quickly select and analyze data of
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interest, In this manner, the data of interest may be visualized in multiple-levels using the
composite-attribute tree-node diagrams to select only the data of interest rather than the whole
dataset. Because the data have one or more attributes, the attributes may be used to build a
tree-node diagram. The tree-node diagram illustrates data fields using different classes of
nodes (A, B, K...), also referred to herein as A nodes, B nodes and K nodes, wherein A nodes
may represent a computer, B nodes may represent an application and K nodes may represent a
key attribute node that uniquely identifies a message. A, B and K nodes are used to identify the
messages since multiple computers may be used to run the same application or even thousands
of applications. Because each application has multiple states (e.g. error, warning, information,
success), A, B and K nodes are used to identify what kind of messages came from which
application and from which computer. Additional classes of nodes may be used to represent
additional data fields and each class of node may include one or more attribute nodes such as,
for example, A (al, a2, a3...), B (bl, b2, b3...), and K (k1, k2, k3...). Each attribute node is
either a parent (root) node or a child node and may include a tag to designate its selection. An
attribute node path connects a root node to one or more child nodes, each of which may lie in
one or more node paths. Attribute nodes for A, B nodes are restrained to a single level data
field in the tree-node diagram while attribute nodes for K nodes are not restrained to a single
level data field and may include internal connections when multi-level data fields are used. The
contents of the K nodes may be defined by the applications (i.e. B nodes) that send messages to
the system.

[0025] Referring now to FIG. 1, a flow diagram of one embodiment of a method 100

for implementing the present disclosure is illustrated.
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[0026] In step 102, a preferred attribute node order is selected using the client interface
and/or the video interface described further in reference to FIG. 17. One attribute node order
may include, for example, A nodes, K nodes and B nodes. The attribute node order will depend
on the priority of filtering the data fields in which the attribute nodes lie. Using the same
attribute node order as an example (A nodes, K nodes, B nodes), the data associated with the A
nodes is the highest priority to filter followed by the data associated with the K nodes and the
data associated with the B nodes being the lowest priority to filter.

[0027] In step 106, a tree-node diagram is built using the attribute node order selected in
step 102. Different embodiments of methods for performing this step are described further in
reference to FIGS. 2-4 subject to the attribute order selected in step 102. Because different
classes of nodes may be used to represent additional data fields, those skilled in the art will
understand that the embodiments illustrated in FIGS. 2-4 are exemplary and may be used to
address different classes of nodes. In FIG. 6, an exemplary tree-node diagram illustrates the
result of this step based on a selected attribute node order of A nodes, K nodes and B nodes. As
illustrated, certain attribute nodes include a tag (check) to designate their selection for
following associated data of interest using the client interface and/or the video interface
described further in reference to FIG, 17. Here, two paths have been selected: al- k1|k2|k3 —
bl and a2 — k1]|k4|k6 — b3. That means the data of interest is associated with the attribute nodes
that meet the following conditions:

A =al, K=kl1k2[k3 or K1=k1, K2=k2 and K3=k3;

A =a2, K=klk4[k6 or K1=k1, K2=k4 and K3=keé.

The method 100 may produce connected paths in the tree-node diagram as illustrated in FIG. 6

7
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by al-kl1-k2-k3-bl and al-kl-k2-k4-bl, for example. The method 100 may also produce
separate paths in the tree-node diagram as illustrated in FIG. 6 by al-k1-k2-k3-bl and a2-k1-
k4-k5-b2. And, each separate or connected path may include one or more of the same attribute
node as illustrated by k1 and k2 in FIG. 6. If the portion of each path from a parent (root) node
is the same, then the common nodes can be reused. For example, given 3 paths; Path 1: al-ki-
k2-k3; Path 2: al-k1-k2-k4; and Path 3: al-k1-k3-k4, the attribute nodes al, k1 can be reused
since all 3 paths have the same portion al-k1. But the k3 nodes in Path 1 and Path 3 will be
different nodes since that portion of their paths is not the same. Once the data of interest is
identified in this manner, also referred to as mining, it may be visualized without having to
visualize the whole dataset. As a result, the method 100 enables users to quickly select and
analyze data of interest without having to review the whole dataset.

[0028] Referring now to FIG. 2, a flow diagram of one embodiment of a method 200 for
performing step 106 in FIG. 1 is illustrated. In this embodiment, the method 200 builds a tree-
node diagram with K nodes first based on the attribute node order selected in step 102.

[0029] In step 202, all K nodes are retrieved from the raw data (i.e. whole dataset).

[0030] In step 204, a K tree is built with the K nodes retrieved in step 202. One
embodiment of a method for performing this step is described further in reference to FIG. S.

[0031] In step 206, the method 200 determines if the A nodes are the next level based on
the attribute node order selected in step 102. If the A nodes are not the next level (i.e. K nodes,
B nodes, A nodes), then the method 200 proceeds to step 224. Otherwise, the method 200
proceeds to step 208 because the attribute node order is K nodes, A nodes, B nodes.

[0032] In step 208, the tail (last) K node for a K node path in the K tree built in step 204

8
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is located.

[()033] In step 210, each A node is retrieved from the raw data (i.e. whole dataset) that
includes the K node path with the last K node located in step 208.

[0034] In step 212, each A node retrieved in step 210 is connected to the last K node
located in step 208.

[0035] In step 214, an A node is located from the A nodes retrieved in step 210.

[0036] In step 216, each B node is retrieved from the raw data (i.e. whole dataset) that
includes the K node path with the last K node located in step 208.

[0037] In step 218, each B node retrieved in step 216 is connected to the A node located
in step 214.

[0038] In step 220, the method 200 determines if there is another A node that includes
the K node path with the last K node located in step 208. If there is another A node that includes
the K node path with the last K node located in step 208, then the method 200 returns to step
214 to locate another A node. Otherwise, the method 200 proceeds to step 222.

[0039] In step 222, the method 200 determines if there is another K node path in the K
tree built in step 204. If there is another K node path in the K tree built in step 204, then the
method 200 returns to step 208 to locate the tail (last) K node for another K node path in the K
tree built in step 204. Otherwise, the method 200 ends. In FIG. 7, an exemplary tree-node
diagram illustrates the result of steps 202-222 based on a selected attribute node order of K
nodes, A nodes and B nodes.

[0040] In step 224, the tail (last) K node for a K node path in the K tree built in step 204

is located.
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[0041] In step 226, cach B node is retrieved from the raw data (i.e. whole dataset) that
includes the K node path with the last K node located in step 224.

[0042] In step 228, each B node retrieved in step 226 is connected to the last K node
located in step 224,

[0043] In step 230, a B node is located from the B nodes retrieved in step 226.

[0044] In step 232, each A node is retrieved from the raw data (i.e. whole dataset) that
includes the K node path with the last K node located in step 224.

[0045] In step 234, each A node retrieved in step 232 is connected to the B node located
in step 230.

[0046] In step 236, the method 200 determines if there is another B node that includes the
K node path with the last K node located in step 224. If there is another B node that includes the
K node path with the last K node located in step 224, then the method 200 returns to step 230 to
locate another B node. Otherwise, the method 200 proceeds to step 238.

[0047] In step 238, the method 200 determines if there is another K node path in the K
tree built in step 204. If there is another K node path in the K tree built in step 204, then the
method 200 returns to step 224 to locate the tail (last) K node for another K node path in the K
tree built in step 204, Otherwise, the method 200 ends. In FIG. 8, an exemplary tree-node
diagram illustrates the result of steps 224-238 based on a selected attribute node order of K
nodes, B nodes and A nodes.

[0048] Referring now to FIG. 3, a flow diagram of another embodiment of a method 300

for performing step 106 in FIG. 1 is illustrated. In this embodiment, the method 300 builds a

tree-node diagram with A nodes first based on the attribute node order selected in step 102.
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[0049] In step 302, all A nodes are retrieved from the raw data (i.e. whole dataset).

[0050] In step 304, each A node is designated as a root node.

[0051] In step 306, the method 300 determines if the B nodes are the next level based on
the attribute node order selected in step 102. If the B nodes are not the next level (i.e. A nodes,
K nodes, B nodes), then the method 300 proceeds to step 324. Otherwise, the method 300
proceeds to step 308 because the attribute node order is A nodes, B nodes, K nodes.

[0052] In step 308, an A node is located from the A nodes retrieved in step 302.

[0053] In step 310, each B node is retrieved from the raw data (i.e. whole dataset) that
includes the A node located in step 308 in a path.

[0054] In step 312, each B node retrieved in step 310 is connected to the A node located
in step 308.

[0055] In step 314, a B node is located from the B nodes retrieved in step 310.

[0056] In step 316, each K node is retrieved from the raw data (i.e. whole dataset) that
includes the B node located in step 314 in a path.

[0057] In step 318, a K tree is built with the K nodes retrieved in step 316. One
embodiment of a method for performing this step is described further in reference to FIG. 5.
The K tree is connected to the B node located in step 314.

[0058] In step 320, the method 300 determines if there is another B node that includes the
A node located in step 308 in a path. If there is another B node that includes the A node located
in step 308 in a path, then the method 300 returns to step 314 to locate another B node.

Otherwise, the method 300 proceeds to step 322.

[0059] In step 322, the method 300 determines if there is another A node retrieved in step

11
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302. If there is another A node retrieved in step 302, then the method 300 returns to step 308 to
locate another A node. Otherwise, the method 300 ends. In FIG, 9, an exemplary tree-node
diagram illustrates the result of steps 302-322 based on a selected attribute node order of A
nodes, B nodes and K nodes.

[0060] In step 324, an A node is located from the A nodes retrieved in step 302.

[0061] In step 326, each K node is retrieved from the raw data (i.e. whole dataset) that
includes the A node located in step 324 in a path.

[0062] In step 328, a K tree is built with the K nodes retrieved in step 326. One
embodiment of a method for performing this step is described further in reference to FIG. 5.
The K tree is connected to the A node located in step 324.

[0063] In step 330, the tail (last) K node for a K node path in the K tree built in step 328
is located.

[0064] In step 332, each B node is retrieved from the raw data (i.e. whole dataset) that
includes the K node path with the last K node located in step 330.

[0065] In step 334, each B node retrieved in step 332 is connected to the last K node
located in step 330.

[0066] In step 336, the method 300 determines if there is another K node path in the K
tree built in step 328. If there is another K node path in the K tree built in step 328, then the
method 300 returns to step 330 to locate the tail (last) K node for another K node path in the K
tree built in step 328. Otherwise, the method 300 proceeds to step 338.

[0067] In step 338, the method 300 determines if there is another A node retrieved in

step 302. If there is another A node retrieved in step 302, then the method 300 returns to step
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324 to locate another A node. Otherwise, the method 300 ends. In FIG. 10, an exemplary tree-
node diagram illustrates the result of steps 324-338 based on a selected attribute node order of
A nodes, K nodes and B nodes.

| [0068] Referring now to FIG. 4, a flow diagram of another embodiment of a method
400 for performing step 106 in FIG. 1 is illustrated. In this embodiment, the method 400 builds
a tree-node diagram with B nodes first based on the attribute node order selected in step 102.

[0069] In step 402, all B nodes are retrieved from the raw data (i.e. whole dataset).

[0070] In step 404, each B node is designated as a root node.

[0071] In step 406, the method 400 determines if the A nodes are the next level based on
the attribute node order selected in step 102. If the A nodes are not the next level (i.e. B nodes,
A nodes, K nodes), then the method 400 proceeds to step 424. Otherwise, the method 400
proceeds to step 408 because the attribute node order is B nodes, A nodes, K nodes.

[0072] In step 408, a B node is located from the B nodes retrieved in step 402.

[0073] In step 410, each A node is retrieved from the raw data (i.c. whole dataset) that
includes the B node located in step 408 in a path.

[0074] In step 412, each A node retrieved in step 410 is connected to the B node located
in step 408.

[0075] In step 414, an A node is located from the A nodes retrieved in step 410,

[0076] In step 416, each K node is retrieved from the raw data (i.e. whole dataset) that
includes the A node located in step 414 in a path.

[0077] In step 418, a K tree is built with the K nodes retrieved in step 416. One

embodiment of a method for performing this step is described further in reference to FIG. S.
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The K tree is connected to the A node located in step 414.

[0078] In step 420, the method 400 determines if there is another A node that includes
the B node located in step 408 in a path. If there is another A node that includes the B node
located in step 408 in a path, then the method 400 returns to step 414 to locate another A node.
Otherwise, the method 400 proceeds to step 422.

[0079] In step 422, the method 400 determines if there is another B node retrieved in step
402, If there is another B node retrieved in step 402, then the method 400 returns to step 408 to
locate another B node. Otherwise, the method 400 ends. In FIG. 11, an exemplary tree-node
diagram illustrates the result of steps 402-422 based on a selected attribute node order of B
nodes, A nodes and K nodes.

[0080] In step 424, a B node is located from the B nodes retrieved in step 402.

[0081] In step 426, each K node is retrieved from the raw data (i.e. whole dataset) that
includes the B node located in step 424 in a path.

[0082] In step 428, a K tree is built with the K nodes retrieved in step 426. One
embodiment of a method for performing this step is described further in reference to FIG. 5.
The K tree is connected to the B node located in step 424.

[0083] In step 430, the tail (last) K node for a K node path in the K tree built in step 428
is located.

[0084] In step 432, each A node is retrieved from the raw data (i.e. whole dataset) that
includes the K node path with the last K node located in step 430.

[0085] In step 434, each A node retrieved in step 432 is connected to the last K node

located in step 430.
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[0086] In step 436, the method 400 determines if there is another K node path in the K
tree built in step 428. If there is another K node path in the K tree built in step 428, then the
method 400 returns to step 430 to locate the tail (last) K node for another K node path in the K
tree built in step 428, Otherwise, the method 400 proceeds to step 438.

[0087] In step 438, the method 400 determines if there is another B node retrieved in
step 402, If there is another B node retrieved in step 402, then the method 400 returns to step
424 to locate another B node. Otherwise, the method 400 ends. In FIG. 12, an exemplary tree-
node diagram illustrates the result of steps 424-438 based on a selected attribute node order of
B nodes, K nodes and A nodes.

[0088] Referring now to FIG. 5, a flow diagram of one embodiment of a method 500
for performing steps 204, 318, 328, 418 and 428 in FIGS. 2-4 is illustrated. The method 500
may be used to build a K tree with K nodes for use in the tree-node diagram.

[0089] In step 502, one or more K node lists are prepared using the K nodes retrieved
from the raw data (i.e. whole dataset) and techniques well known in the art. Each K node list
includes one or more K nodes that may be internally connected, thus forming a K node path,
when multi-level data fields are used.

[0090] In step S04, a K node list is selected from the K node list(s) prepared in step 502.

[0091] In step 506, a parent (root) K node is selected from the K node list selected in
step 504.

[0092] In step 508, the method 500 determines if the K node selected in step 506 or 516
includes all related messages from a related application. In this manner, the K tree may be

updated with new messages in real-time until such time as there are no more new messages. If
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the K node selected in step 506 or 516 includes all related messages from a related application
(i.e. there are no more new messages at the time), then the method 500 proceeds to step 514.
Otherwise, the method 500 proceeds to step 512 to update the K node list selected in step 504.

[0093] In step 512, the K node list selected in step 504 is updated by creating another K
node and connecting it to the K node selected in step 506 or 5§16 and the next K node in the K
node list-if any.

[0094] In step 514, the method 500 determines if there is another K node in the K node
list selected in step 504. If there is not another K node in the K node list selected in step 504,
then the method 500 proceeds to step 518. Otherwise, the method 500 proceeds to step 516.

[0095] In step 516, the next K node in the K node list selected in step 504 is selected
and the method 500 returns to step 508. If another K node is created in step 512, then this K
node becomes the next K node in the K node list.

[0096] In step 518, the method 500 determines if there is another K node list from the K
node list(s) prepared in step 502. If there is another K node list from the K node list(s) prepared
in step 502, then the method 500 returns to step 504 to select another K node list. Otherwise,
the method 500 returns the K tree to step 204, 318, 328, 418 or 428.

[0097] Referring nc;w to FIG. 13, a table illustrates a general data structure with
multiple fields for transferring the tree-node diagram(s) to a client to visualize each tree-node
diagram. Each row represents a different path in the tree-node diagram. The columns for the A
and B nodes include different respective attribute nodes in a single level data field for each,
which means thefé is only one fixed layer in logic. The columns for K1, K2, K3 ... Kn

however, include different respective attribute nodes in multi-level data fields, which means

16



WO 2016/114774 PCT/US2015/011428

they can be composited into one field in logic. The column for the X nodes is an example of
another data field. Although the attribute nodes in columns A, B, K1, K2, K3 ... Kn are the
same in rows 2 and 3, they may be different.

[0098] Referring now to FIG. 14, a table illustrates an optimization of the general data
structure illustrated in FIG. 13, The optimization composites K1, K2, K3 ... Kn together into a
single level data field K.

[0099] Referring now to FIG. 15, an attribute index table and a mapping table for the
attribute index table illustrate an optimization of the data structure illustrated in FIG. 14. The
addition of a mapping table can save database space and network bandwidth usage by
replacing the A, B and K nodes with a 1 bit integer in the attribute index table and using the
mapping table to map the A, B and K nodes to a corresponding integer in the attribute index
table. For example, the al, bl and k1-k2-k4 attribute nodes are designated with an attribute
index integer ‘2, which is the same for rows 2 and 3. In this manner, the attribute index table
and mapping table can save significant database space and network bandwidth because there
may be hundreds of thousands of data fields with hundreds of thousands of duplicated attribute
nodes (e.g. A, B and K). The mapping table saves the attribute index integer into the primary
database, which takes less space than the dataset in FIGS.13- 14. Moreover, only the mapping
table may be required for transfer to a client if the client wants to build the tree—node diagram
to preview and select the certain attributes nodes for filtering,

[00100] Referring now to FIG. 16, a block diagram illustrates one embodiment of a
method for implementing the present disclosure on a computer system. The raw data, which

includes key attribute nodes, from the whole dataset may be sent from the data provider 100 to
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a data service 103 in step 106. The raw data and key attribute nodes may be persistent into a
database 104 in step 108. At this stage, the key attribute nodes may be synchronized to any
client(s) using the user interface 101. Now the key attribute nodes, with multiple levels and as
a composition, are ready to use. The preferred key attribute nodes may be requested through
the user interface 101 in step 120. The command dispatchers in the controller 102 may decrypt
the request in step 120 and transmit the request to the data service 103 in step 121 to query all
of the available key attribute nodes from the database 104 in step 124. After the key attribute
nodes are transferred back to the clients in step 140, the tree-node diagram may be built in step
144, In order to focus on a preferred path, rather than the whole dataset, the user interface 101
may be used to tag certain key attribute nodes in the tree-node diagram to designate their
selection in step 148. In this manner, any preferred path of key attribute nodes may be selected
to view only the data of interest in step 150. The data service 103 retrieve the data of interest
from the database 104 in step 151.
System Description

[00101] The present disclosure may be implemented through a computer-executable
program of instructions, such as program modules, generally referred to as software applications
or application programs executed by a computer. The software may include, for example,
routines, programs, objects, components, data structures, etc., 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. InSite™, which is commercial software application
marketed by Landmark Graphics Corporation, may be used as interface application to

implement the present disclosure. The software may also cooperate with other code segments to
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initiate a variety of tasks in response to data received in conjunction with the source of the
received data, Other code segments may provide optimization components including, but not
limited to, neural networks, earth modeling, history-matching, optimization, visualization, data
management, reservoir simulation and economics. 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.

[00102] Moreover, those skilled in the art will appreciate that the disclosure may be
practiced with a variety 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 are linked through a communications network. In a distributed-
computing environment, program modules may be located in both local and remote computer-
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.

[00103] Referring now to FIG. 17, 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,
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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.

[00104] The memory primarily stores the application programs, which may also be
described as program modules containing computer-executable instructions, executed by the
computing unit for implementing the present disclosure described herein and illustrated in
FIGS. 1-16. The memory therefore, includes a data filtering and mining module, which enables
steps 102 and 106 in FIG. 1. The data filtering and mining module may integrate functionality
from the remaining application programs illustrated in FIG. 17. In particular, InSite ™ may be
used as an interface application to send the raw data from the whole dataset to the data filtering
and mining module. Although InSite ™ may be used as interface application, other interface
applications may be used, instead, or the data filtering and mining module may be used as a
stand-alone application,

[00105] 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,
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
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way of example, and not limitation, the computing unit includes an operating system,
application programs, other program modules, and program data.

[00106] The components shown in the memory may also be included in other
removable/non-removable, 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 non-
removable, 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.

[00107] 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, voice recognition or gesture recognition, 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
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structures, such as a parallel port or a universal serial bus (USB).

[00108] 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.

[00109] 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,

[00110] 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. It 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
1. A method for filtering data using a multiple-level, composite-attribute tree-node

diagram, which comprises:

building a K tree comprising multiple K nodes and one or more K node paths
using a computer processor, wherein each K node path includes a K node that represents

a root node and another K node that represents a last node;

connecting one or more A nodes to at least one of 1) each root node in the K tree,
wherein each A node is connected to at least one of the root nodes in the K tree; ii) a

t4

respective last node in the K tree; and iii) a respective B node;

connecting one or more B nodes to at least one of i) each root node in the K tree,
wherein each B node is connected to at least one of the root nodes in the K tree; ii) a

respective last node in the K tree; and iii) a respective A node; and

wherein each K node represents a key attribute node that uniquely identifies a
message, each A node represents a computer attribute node and each B node represents a

computer attribute node.

2. The method of claim 1, wherein the tree-node diagram includes multiple data

fields and the rriultiple K nodes are not restrained to a single data field.

3. The method of claim 2, further comprising selecting a preferred attribute node
order for connecting the multiple K nodes, the one or more A nodes and the one or more B

nodes.
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4, The method of claim 3, wherein the preferred attribute node order is based on a
priority for filtering the multiple data fields in which the key attribute nodes, the computer

attribute nodes and the application attribute nodes lie.
5. The method of claim 1, further comprising:
displaying the tree-node diagram; and

selecting one or more tree-node paths by tagging at least one of the key attribute

nodes, the computer attribute nodes and the application attribute nodes.

6. The method of claim 1, wherein the tree-node dielgram includes at least one of

two or more separate tree-node paths and a connected tree-node path.

7. The method of claim 1, further comprising updating the K tree in real-time with

one or more new messages from a related application.

8. The method of claim 7, wherein the K tree is updated by creating another K node

for the one or more new messages,

9. The method of claim 1, further comprising creating an attribute index table for the
data represented by the tree-node diagram, wherein the attribute index table only uses a one bit
index integer to represent a respective tree-node path in the tree-node diagram comprising the

multiple K nodes, the one or more A nodes and the one or more B nodes.
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10. A non-transitory program carrier device tangibly carrying computer-executable
instructions for filtering data using a multiple-level, composite-attribute tree-node diagram, the

instructions being executable to implement:

building a K tree comprising multiple K nodes and one or more K node paths,
wherein each K node path includes a K node that represents a root node and another K

node that represents a last node;

connecting one or more A nodes to at least one of i) each root node in the K tree,
wherein each A node is connected to at least one of the root nodes in the K tree; ii) a

r

respective last node in the K tree; and iii) a respective B node;

connecting one or more B nodes to at least one of i) each root node in the K tree,
wherein each B node is connected to at least one of the root nodes in the K tree; ii) a

respective last node in the K tree; and iii) a respective A node; and

wherein each K node represents a key attribute node that uniquely identifies a
message, each A node represents a computer attribute node and each B node represents a

computer attribute node.

11.  The program carrier device of claim 10, wherein the tree-node diagram includes

multiple data fields and the multiple K nodes are not restrained to a single data field.

12, The program carrier device of claim 11, further comprising selecting a preferred
attribute node order for connecting the multiple K nodes, the one or more A nodes and the one or

more B nodes.
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13, The program carrier device of claim 12, wherein the preferred attribute node order
is based on a priority for filtering the multiple data fields in which the key attribute nodes, the

computer attribute nodes and the application attribute nodes lie.
14, The program carrier device of claim 10, further comprising:
displaying the tree-node diagram; and

selecting one or more tree-node paths by tagging at least one of the key attribute

nodes, the computer attribute nodes and the application attribute nodes.

15.  The program carrier device of claim 10, wherein the tree-node diagram includes

at least one of two or more separate tree-node paths and a connected tree-node path.

16. The program carrier device of claim 10, further comprising updating the K tree in

real-time with one or more new messages from a related application.

17.  The program carrier device of claim 16, wherein the K tree is updated by creating

another K node for the one or more new messages.

18. The program carrier device of claim 10, further comprising creating an attribute
index table for the data represented by the tree-node diagram, wherein the attribute index table
only uses a one bit index integer to represent a respective tree-node path in the tree-node diagram

comprising the multiple K nodes, the one or more A nodes and the one or more B nodes.

26



WO 2016/114774 PCT/US2015/011428

19. A non-transitory program carrier device tangibly carrying computer-executable
instructions for filtering data using a multiple-level, composite-attribute tree-node diagram, the

instructions being executable to implement:

building a K tree comprising multiple K nodes and one or more K node paths,
wherein each K node path includes a K node that represents a root node and another K

node that represents a last node;

connecting one or more A nodes to at least one of 1) each root node in the K tree,
wherein each A node is connected to at least one of the root nodes in the K tree; ii) a

r

respective last node in the K tree; and iii) a respective B node;

connecting one or more B nodes to at least one of i) each root node in the K tree,
wherein each B node is connected to at least one of the root nodes in the K tree; ii) a

respective last node in the K tree; and iii) a respective A node;

wherein each K node represents a key attribute node, each A node represents a

computer attribute node, each B node represents a computer attribute node; and

the tree-node diagram including multiple data fields, wherein the multiple K

nodes are not restrained to a single data field.

20.  The program carrier device of claim 19, further comprising selecting a preferred
attribute node order for connecting the multiple K nodes, the one or more A nodes and the one or

more B nodes,
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