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RULE BASED HIERARCHICAL CONFIGURATION

BACKGROUND
[0001]1. Field

[0002] This disclosure generally relates to the field of computing devices.
More particularly, the disclosure relates to hierarchical structures utilized by

computing devices for data aggregation.
[0003]2. General Background

[0004] Organizations may utilize a variety of portfolio managers that are not
part of such organizations to manage their investments rather than utilizing
employees. Examples of such organizations may include universities,
pension funds, etc. By utilizing such portfolio managers, the organizations
may have employees concentrate on activities of the organization rather than

investment decisions that are a specialty of portfolio managers.

[0005] An organization may be responsible for investing a significant cash
sum for which the organization diversifies risk allocation through a variety of
different portfolio managers. Thus, the organization tries to reduce the risk of
investment decisions from any one portfolio managers. As a result, the
organization typically monitors the investment decisions of the different
portfolio managers and changes allocations of the total investment amount to
members of that group of portfolio managers as necessary so that adequate

performance standards are met.

[0006] To ensure that the portfolio managers are obtaining adequate results,
the organization will typically require that the portfolio managers report various
metrics, e.g., performance and market value, on a regular basis. The
organization may then utilize such reporting to change investment allocations,
i.e., increasing the allocations to the better performing portfolio managers and

decreasing the allocations to the lesser performing portfolio managers.

[0007] Current configurations allow portfolio managers to organize the results
that are reported in a nested manner. For example, portfolio managers may

utilize current configurations to organize data according to a first level of asset
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class, a second level of strategies, and a third level of investment. The
formula for performing such aggregation may utilize certain events, e.g., cash
flow, and the timing of those events for all investments that are nested under
the same heading. Therefore, current configurations allow for hierarchical
aggregation of investment data for reporting purposes. In addition, the
hierarchical aggregation allows portfolio managers to view such data in a user
interface.

[0008]Most  current  hierarchical configurations are  static tree
implementations. In other words, the nested investment data is presented in
a rigid structure. Such configurations often have limited nesting depth, i.e.,
may typically only include between three to five levels of nesting. Further, the
breadth of such configurations is often predetermined by the first level of a
known taxonomy. In addition, each nesting level must represent the same
concept, e.g., all aggregations at a third nesting level must be of a type of
investment strategy. Such a predictable structure has allowed for automated
configurations to place investment allocations into the corresponding location
of the static tree, but has prevented portfolio managers from placing

allocations into tree locations that are intuitive.

[0009] To mitigate the rigidity of the static tree implementations, some
configurations allow for freeform development of tree structures with arbitrary
nesting, breadth, and depth. Yet, the arbitrary structure of such free form
configurations prevents automation. Therefore, the freeform tree
implementations require manual placement of investments in corresponding
nesting levels of a freeform tree. Further, the freeform tree must be

maintained indefinitely during the evolution of the portfolio.

[0010] As a result, the current configurations are either too rigid for portfolio
managers to customize to provide effective reporting or too manual for
efficient allocations of significant quantities of investments in a tree structure.
Therefore, current hierarchical configurations do not provide effective

hierarchical aggregation of investment data for reporting purposes.
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SUMMARY

[0011]In one aspect of the disclosure, a system is provided. The system
comprises a rules engine that generates a hierarchical structure based upon
investment data and a plurality of rules. Further, the system comprises a
processing engine that performs one or more calculations on data stored by
the hierarchical structured based upon the rules and generates a report based

upon the one or more calculations.

[0012]In another aspect of the disclosure, a computer program product is
provided. The computer program product comprises a computer useable
storage device having a computer readable program. The computer readable
program when executed on a computer causes the computer to generate,
with a rules engine, a hierarchical structure based upon investment data and
a plurality of rules. Further, the computer is caused to perform, with a
processing engine, one or more calculations on data stored by the
hierarchical structured based upon the rules and generates a report based

upon the one or more calculations.

[0013]In yet another aspect of the disclosure, a process is provided. The
process generates, with a rules engine, a hierarchical structure based upon
investment data and a plurality of rules. Further, the process performs, with a
processing engine, one or more calculations on data stored by the
hierarchical structured based upon the rules and generates a report based

upon the one or more calculations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above-mentioned features of the present disclosure will become
more apparent with reference to the following description taken in conjunction
with the accompanying drawings wherein like reference numerals denote like

elements and in which:
[0015]Figure 1 illustrates a rule based hierarchical configuration.

[0016]Figure 2 illustrates a view of the internal components of the rules

engine illustrated in Figure 1.
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[0017]Figure 3 illustrates a view of the internal components of the processing

engine illustrated in Figure 1.

[0018]Figure 4 illustrates a process that performs the sync hierarchical

structure phase.

[0019]Figure 5 illustrates a display screen that displays an example of a

consolidation hierarchical structure.

[0020] Figure 6 illustrates the display screen of Figure 5 that displays menus

for determining the scope of the consolidation hierarchical structure.

[0021]Figures 7A and 7B illustrate a composite hierarchical structure that is
generated from importing a leaf of a first hierarchical structure into a second

hierarchical structure.

[0022]Figure 8 illustrates a block diagram of a system that generates the

hierarchical structure illustrated in Figure 1.

DETAILED DESCRIPTION

[0023]A rule based hierarchical configuration may be utilized to provide
automated generation of a hierarchical structure for aggregated data
according to one or more rules. The rule based hierarchical configuration
utilizes and automated approach that allows for arbitrary nesting, breadth, and
depth. Further, the rule based hierarchical configuration utilizes a rules
engine to translate the one or more rules authored by a user into a consistent
and predictable hierarchical structure, e.g., tree. Therefore, the rule based
hierarchical configuration improves the functionality of a computer by
automatically generating a hierarchical structure based upon a plurality of
rules. Terminology that is utilized to describe the rule based hierarchical

configuration is defined.

[0024]An entity is an individual investment vehicle of any asset type. A

market value is associated with an entity.

[0025] A consolidation is a container, i.e., a data structure that organizes data
according to certain access rules. The consolidation is utilized to aggregate

various metrics, e.g., performance, market value, etc., of an arbitrary or rule
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driven set of entities. The rule based hierarchical configuration comprises one

or more nested consolidations.

[0026] A hierarchical structure scope is the set of all entities for consolidation,
aggregation, and reporting to an organization. As an example, the
hierarchical structure scope may be particular asset classes. The
investments belonging to those asset classes are then automatically part of

the hierarchical structure scope.

[0027] An assignment is the immediate parent consolidation for an entity. In
other words, the assignment is the consolidation to which the consolidation

belongs that is one level higher than the entity.

[0028]A split assignment is an expression of multiple immediate parent
consolidations for an entity during different time periods. For example, an
entity may be assigned to a bonds consolidation and a planned redemptions
consolidation if the entity is assigned to the different consolidations during

different contribution periods of time.

[0029]An allocation is the percentage of an entity’'s market value that is
deemed to be a contribution to any aggregated metric of the entity’s parent
consolidation. The allocation allows the portfolio manager to report a

particular percentage of a contribution based upon the hierarchical structure.

[0030]A split allocation is a split assignment that is expressed through
allocation percentages. For example, a split allocation may express a sixty
percent allocation to an assignment of domestic equities and a forty percent

allocation to an assignment of foreign equities.

[0031] A contribution period is a span of time, i.e., a start data and an optional
end date, for which an entity contributes to the aggregated market value
and/or other metrics of a consolidation. Contribution periods may be

discontinuous for any assignment.

[0032] The rule based hierarchical configuration has certain properties. An
operation performed in the rule based hierarchical configuration automatically
recomputes entity allocations and contributions to ensure that the rule based
hierarchical configuration is constantly in a valid state. Further, the rule based

hierarchical configuration auto-updates the hierarchical structure based on

5
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external systems events, e.g., a new entity being added, new cash flow being
added, etc. Therefore, the hierarchical structure generated by the rule based
hierarchical configuration automatically reflects changes based on data

received by the rule based hierarchical configuration.

[0033]In addition, the rule based hierarchical configuration allows for
generation of complex hierarchical structures having many layers of
consolidation, allocation splits, and transfers over time. In contrast with
previous static tree based configurations that were limited to three to five
levels of nesting depth, the rule based hierarchical configuration allows a user
to generate a rule based hierarchical configuration having a depth of many

more levels based upon the customization of the user.

[0034] The rule based hierarchical configuration also allows for utilization of
an aspect hierarchical structure, which is a subtype of a hierarchical structure.
The aspect hierarchical structure is an approach that is utilized to tag multiple

entities with multiple facet values in an efficient manner.

[0035]Further, aspect hierarchical structures may be imported into other
hierarchical structures for generation of a variety of different reports. The
generated reports stay in synch with the original hierarchical structure and are
dynamically updated based on system events. In contrast, previous tree
based configurations do not allow for reports to stay in synch with a tree and

be dynamically updated.

[0036]In addition, the rule based hierarchical configuration allows for
generation of static hierarchical structures by associating certain entities to a
specific consolidation. As a result, an override of the rules of that

consolidation is performed.

[0037] The rule based hierarchical configuration also provides a variety of
features that reduce manual operations that were required by previous tree
based configurations. For example, the rule based hierarchical configuration
automatically computes consolidation start and/or end dates based on entity
changes. Further, the rule based hierarchical configuration allows for
automatic calculation of allocations based on ratios when utilizing aspect

hierarchical structures.
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[0038] The rules in the rule based hierarchical configuration are inherited by
particular levels in the hierarchical structure. Further, the rules in the rule
based hierarchical configuration limit the scope of the rule based hierarchical

configuration and define entity consolidation behavior.

[0039] Further, one or more benchmarks may be utilized at any level of the
hierarchical structure. For example, such benchmarks may be compared with

associated benchmarks at different levels of the hierarchical structure.

[0040]Figure 1 illustrates a rule based hierarchical configuration 100. The
rule based hierarchical configuration 100 includes a rules engine 101 that
generates a hierarchical structure 105 based upon one or more rules and/or
customizations provided by a user 104 through a computing device 102 for a
portfolio of investments that are received by the rules engine 101. The
computing device 102 may be a smartphone, tablet device, smartwatch,
laptop computer, personal computer (“PC”), etc. The user 104 may prepare
and/or submit rules to the rules engine 101 through a rules user interface 103

that is displayed by the computing device 102.

[0041] The rules engine 101 only has to import the portfolio in a single
instance. The rules engine 101 may then receive continuous portfolio
updates to that portfolio. Further, the rules engine 101 sends the hierarchical
structure 105 to the processing engine 106 to perform on demand

calculations.

[0042] The rules engine 101 goes through two phases based upon each
action taken by a user or an external event. The phases are the sync scope

phase and the sync hierarchical structure phase.

[0043] The sync scope phase adds new entities to the scope of the
hierarchical structure 105 and removes the entities that do not match the
scope as determined by whether or not the root consolidation level rules
match an index as determined by the rules engine 101. The sync hierarchical

structure phase is performed by a process 400 as illustrated by Figure 4.

[0044] At a process block 401, the process 400 determines if entities are to be
moved from a higher level to a lower level in the hierarchical structure 105.

The rules associated with the hierarchical structure 105 are analyzed for such

7
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a determination. Further, at a process block 402, the process 400 generates
a new consolidation based upon a group by rules. In addition, at a process
block 403, the process 400 imports a property or aspect facet for each
consolidation of an imported hierarchical structure. At a process block 404,
the process 400 calculates new allocations. Such calculations are performed
after the generation of the hierarchical structure 105 and classification, i.e.,
determination of new entity assignments, have been performed. The
calculations are performed for each entity in the hierarchical structure 105.
An entity may be pinned, i.e., automatically or manually selected, to avoid a
move. A manual command may move such an entity. Further, at a process
block 405, the process 400 converts contribution periods into allocation
intervals. If an entity assignment is inside an imported branch, that entity
assignment is also affected by nested ratios. In addition, at a process block
406, the process 400 moves any remaining allocations that do not add up to

one hundred percent to the root consolidation.

[0045] The rule based hierarchical configuration 100 illustrated in Figure 1
may be utilized to automate grouping of a heterogeneous set of investments,
e.g., mutual funds, hedge funds, private equity funds, etc., into a plurality of
consolidations, i.e., nested subsets, of homogeneous investments. As a
result, the performance metrics may be aggregated for a multi-asset class

portfolio, i.e., a heterogeneous set of investments.

[0046] Further, the rule based hierarchical configuration 100 avoids the error
prone possibilities associated with manual inspection of investments having
properties that vary across multiple dimensions. For example, the rule based
hierarchical configuration 100 is able to automatically inspect and
automatically categorize significant quantities of investments, e.g., hundreds
of thousands of investments, across multiple dimensions. The user may
construct and populate the rule based hierarchical configuration 100 with
zero, one, or more matching rules at each consolidation. As a result, the rule
based hierarchical configuration 100 is able to automatically generate
consolidations that contain homogeneous sets of investments according to
the definition of the user, may be treated as a unit with no internal

constituents, may be automatically augmented with new members, may be
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automatically reduced to delete members, and may accommodate user
overrides of consolidation contents while preserving the integrity of
aggregations according to explainable accounting rules. Further, the rule
based hierarchical configuration 100 is dynamic to allow automatic ongoing

maintenance of consolidations during the evolution of an investment portfolio.

[0047]Figure 2 illustrates a view of the internal components of the rules
engine 101 illustrated in Figure 1. The rules engine 101 has an indexer 201

and a classifier 202. The rules engine 101 may implemented by a processor.

[0048] The indexer 201 indexes the various investment data for storage in the
investment database 109. The classifier 202 determines new entity
assignments based upon data that stored in the investment database 109 and
rules that are received from the rules interface 103. A search engine may
then search the investment database 109 based upon the indexing approach
utilized by the indexer 201. For example, entities may be tagged via a tagging
mechanism. As a result, entities may be efficiently searched based upon a
variety of attributes. Further, certain aspect hierarchical structures may allow
for a mass tagging mechanism to be utilized. A user may explicitly add
entities to the hierarchical structure 105. Upon a save command being
performed, those entities may get automatically tagged with certain attributes.
An example of such a tag is asset class/strategy/sub-strategy. The entity may
then be indexed or re-indexed in the investment database 109 for searches

performed by a search engine.

[0049] Figure 3 illustrates a view of the internal components of the processing
engine 106 illustrated in Figure 1. The processing engine 106 has an
aggregator 301 and an analysis engine 302. The aggregator 301 performs a
set of calculations for each entity and consolidation in the hierarchical
structure 105. For example, the aggregator 301 may perform a set of
calculations based upon certain criteria such as year to date, month to date,
etc. The analysis engine 302 may then generate a pre-configured report
based upon the computed data from the aggregator 301. As a result, the
processing engine 106 automatically generates a customized report based
upon the hierarchical structure 105 that a portfolio manager can provide to an

entity. The processing engine 106 may implemented by a processor.

9
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[0050] Figure 5 illustrates a display screen 500 that displays an example of a
consolidation hierarchical structure 501. The hierarchical structure 501 has a
total consolidation folder that includes various subfolders that may be
expanded to the display the entirety or portions of the hierarchical structure

501 for the hierarchical structure 501.

[0061]Figure 6 illustrates the display screen 500 of Figure 5 that displays
menus for determining the scope of the consolidation hierarchical structure
501. For example, a scope menu 601 of available entities may be determined
by a rules menu 602. The rules menu 602 may include various selectable
criteria for determining which rules are to be utilized for selecting entities from
the consolidation hierarchical structure 501 and investments associated with
such entities for reporting to an organization. For instance, a user or a
computing device may select various criteria such as a product, strategy,
growth entity, fixed income entity, etc. to filter entities from the consolidation
hierarchical structure 501. Such criteria are provided only as examples as a
variety of different criteria may be utilized. The rules engine 101 may then
generate a consolidation hierarchical structure 501 based upon those rules.
For example, the consolidation hierarchical structure 501 may result from the

application of the rules to the various entities.

[0052]In various embodiments, a user may manually add consolidations in
addition to the automatic determination of consolidations performed by the
rules engine 101. For example, a user may manually add folders to the
consolidation hierarchical structure 501 that was automatically generated by
the rules engine 101. As a result, the user is able to generate a split

assignment of an entity.

[0063] The rule based hierarchical configuration 100 also allows a subset or
an entirety of a first hierarchical structure to be imported into a second
hierarchical structure. Such importation includes the rules associated with the
leaf or leaves that are being imported. As a result, the rules of a first
hierarchical structure are blended into a second hierarchical structure such

that a composite hierarchical structure is generated.

10
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[0064] Figures 7A and 7B illustrate a composite hierarchical structure 704 that
is generated from importing a leaf 701 of a first hierarchical structure 702 into
a second hierarchical structure 703. The composite hierarchical structure 704
then follows the rules of the first hierarchical structure 702 and the imported

rules from the leaf 701.

[0065] Figure 8 illustrates a block diagram of a system 800 that generates the
hierarchical structure 105 illustrated in Figure 1. In one embodiment, the
station or system 800 is implemented utilizing a computer or any other
hardware equivalents. Thus, the station or system 800 comprises a processor
801, a memory 804, e.g., random access memory (“RAM”) and/or read only
memory (“ROM?”), hierarchical structure generation code 805, a data storage
device 804 that stores the hierarchical structure generation code 805, and
various input/output devices 802, e.g., audio/video outputs, audio/video
inputs, a receiver, a transmitter, a speaker, a display, an image capturing

sensor, a clock, an output port, a user input device, etc.

[0056]In various embodiments, the processor 801 may be a general multi-
purpose processor. In other various embodiments, the processor 801 is a
specialized processor that is specifically configured to generate a hierarchical
structure 105 by utilizing the rules engine 101 and the processing engine 106
as illustrated in Figure 1 based upon the hierarchical structure generation

code 805 as illustrated in Figure 8.

[0067] The processes described herein may be implemented by a general
multi-purpose processor or a specialized processor. Such a processor will
execute instructions, either at the assembly, compiled or machine-level, to
perform the processes. Those instructions can be written by one of ordinary
skill in the art following the description of the figures corresponding to the
processes and stored or transmitted on a computer readable medium. The
instructions may also be created using source code, intermediary language or
any other known computer-aided design tool. A computer readable medium
may be any medium capable of carrying those instructions and include a CD-
ROM, DVD, magnetic or other optical disc, tape, silicon memory (e.g.,
removable, non-removable, volatile or non-volatile), packetized or non-

packetized data through wireline or wireless transmissions locally or remotely

11



WO 2017/172222 PCT/US2017/020269

10

15

through a network. A computer is herein intended to include any device that
has a general, multi-purpose or single purpose processor as described above.
The messaging protocol configurations described herein are device-
independent as they may be utilized to send and receive messages for a
variety of types of computing devices such as personal computers, laptops,

tablet devices, smartphones, kiosks, set top boxes, etc.

[0068]1t is understood that the processes, systems, apparatuses, and
computer program products described herein may also be applied in other
types of processes, systems, apparatuses, and computer program products.
Those skilled in the art will appreciate that the various adaptations and
modifications of the embodiments of the processes, systems, apparatuses,
and computer program products described herein may be configured without
departing from the scope and spirit of the present processes and systems.
Therefore, it is to be understood that, within the scope of the appended
claims, the present processes, systems, apparatuses, and computer program

products may be practiced other than as specifically described herein.

12
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We Claim:

1. A system comprising:
a rules engine that generates a hierarchical structure based
upon investment data and a plurality of rules; and
a processing engine that performs one or more calculations on
data stored by the hierarchical structured based upon the rules and generates

a report based upon the one or more calculations.

2. The system of claim 1, wherein the rules engine imports at least
a portion of an additional hierarchical structure from and applies the rules from

the at least said portion to the hierarchical structure.

3. The system of claim 1, wherein the rules engine automatically
modifies a scope of the hierarchical structure based upon an additional scope

of the at least said portion that is imported.

4. The system of claim 1, wherein the hierarchical structure is a
tree structure.

5. The system of claim 1, wherein the hierarchical structure

comprises one or more nested consolidations.

6. The system of claim 1, wherein the plurality of rules is based

upon a plurality of criteria for selection of an entity.

7. The system of claim 1, wherein the one or more calculations are

based upon one or more performance metrics.

8. A computer program product comprising a computer useable
storage device having a computer readable program, wherein the computer
readable program when executed on a computer causes the computer to:

generate, with a rules engine, a hierarchical structure based

upon investment data and a plurality of rules; and

13
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performs, with a processing engine, one or more calculations on
data stored by the hierarchical structured based upon the rules and generates

a report based upon the one or more calculations.

9. The computer program product of claim 8, wherein the rules
engine imports at least a portion of an additional hierarchical structure from
and applies the rules from the at least said portion to the hierarchical

structure.

10. The computer program product of claim 8, wherein the rules
engine automatically modifies a scope of the hierarchical structure based

upon an additional scope of the at least said portion that is imported.

11.  The computer program product of claim 8, wherein the

hierarchical structure is a tree structure.

12.  The computer program product of claim 8, wherein the

hierarchical structure comprises one or more nested consolidations.

13.  The computer program product of claim 8, wherein the plurality

of rules is based upon a plurality of criteria for selection of an entity.

14. The computer program product of claim 8, wherein the one or

more calculations are based upon one or more performance metrics.

15. A method comprising:
generating, with a rules engine, a hierarchical structure based
upon investment data and a plurality of rules; and
performing, with a processing engine, one or more calculations
on data stored by the hierarchical structured based upon the rules and

generates a report based upon the one or more calculations.

16. The method of claim 15, wherein the rules engine imports at
least a portion of an additional hierarchical structure from and applies the

rules from the at least said portion to the hierarchical structure.

14
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17.  The method of claim 15, wherein the rules engine automatically
modifies a scope of the hierarchical structure based upon an additional scope

of the at least said portion that is imported.

18. The method of claim 15, wherein the hierarchical structure is a

tree structure.

19. The method of claim 15, wherein the hierarchical structure

comprises one or more nested consolidations.

20. The method of claim 15, wherein the plurality of rules is based

upon a plurality of criteria for selection of an entity.

15
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