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ABSTRACT

Disclosed embodiments provide systems and techniques for mass execution of
analytical models across multiple dimensions of client, collateral, deal structure, third
party, and other data relevant to predicting optimal decisions in real-time. In some
embodiments, disclosed systems and techniques increase decisioning speed through
the reduction of computational loads on disclosed decisioning systems. Further
disclosed systems and techniques may scale-out analytical modeling computations
through, among other technological solutions, advanced execution environments that
are asynchronous and non-blocking in nature so as to allow the execution of a plurality

of analytical models in parallel and optimizing the results.
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AUTOMATED SYSTEMS FOR REDUCING COMPUTATIONAL LOADS IN THE MASS
EXECUTION OF ANALYTICAL MODELS USING SCALE-OUT COMPUTING

RELATED APPLICATIONS
[001] This application claims the priority of U.S. Provisional Patent Application

No. 62/269,529, filed December 18, 2015, which is hereby incorporated by reference in

its entirety.

BACKGROUND
[002] The mass execution of analytical models across many dimensions of data

to predict optimal transaction decisions is a computationally intensive and data intensive
job that cannot be feasibly implemented in real-time on traditional computing systems.
As a result, current decisioning systems require parties to iterate over potential
transactions and transaction structures with only a vague sense of direction. Moreover,
the more negotiable parameters that are added to a proposed transaction structure, the

more exacerbated the shortcomings of existing decisioning systems become.

[003] In view of these and other shortcomings and problems with traditional
decisioning systems, improved systems and techniques for conducting mass execution

of analytical models across many dimensions of data are desired in order to predict

optimal transaction decisions in real-time.

SUMMARY

[004] Disclosed embodiments provide systems and techniques for mass
execution of analytical models across multiple dimensions of client, collateral, deal
structure, third party, and other data relevant to predicting optimal decisions in real-time.
In some embodiments, disclosed systems and technigues increase decisioning speed
through the reduction of computational loads on disclosed decisioning systems. Further

disclosed systems and techniques may scale-out analytical modeling computations
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through, among other technological solutions, advanced execution environments that

are asynchronous and non-blocking in nature so as to allow the execution of a plurality
of analytical models 'in parallel (and optimizing the results). Disclosed systems and
technigues may also increase decisioning computation speeds by determining a
minimally viable transaction (MVT) structure used for verifying an initial transaction
proposal and setting the maximum extent that a transaction structure can become
modified and remain acceptable. In some embodiments, disclosed systems and
techniques may further identify an optimal transaction structure by executing a plurality
of transaction structure variations for every transaction policy, and scoring, sorting, and
ranking the variations. For example, disclosed embodiments may use parallel
computing and big data techniques to scale-out the execution of analytical models
against many variations of input to produce a range of transaction outcomes. These
outcomes may then be analyzed against target decision outcomes to provide an optimal
set of discreet decision possibilities.

[005] Thus, the disclosed embodiments provide enhancements to decisioning
system technology, and address problems with traditional decisioning systems unable
to produce a similar range of tailored transaction outcomes, much less providing such
outcomes in a timely fashion. The disclosed systems and methods may be implemented
using a combination of conventional hardware, firmware, and/or software as well as

specialized hardware, firmware, and/or software, such as a machine constructed and/or
programmed specifiCally for performing functions associated with the disclosed method
steps. [n some embodiments, however, disclosed systems and methods may be

implemented instead in dedicated electronics hardware.
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[006] Consistent with the present embodiments, a system for mass execution of
analytical models is disclosed. The system may Include a memory storing instructions
and one or more processors. The one or more processors may be configured to
execute the instructions to perform operations. The operations may include, for
example, receiving, via an Application Programming Interface (API), a transaction
proposal including a first plurality of transaction parameters. The operations may further
include iteratively verifying, via an actor pool associated with a data interface module, a
plurality of data sources identified based on the received transaction proposal. The
operations may also include generating a minimally viable transaction (MVT) including a
second plurality of transaction parameters based on the transaction proposal. The
operations may further include generating, via an actor pool associated with a
transaction generator, a plurality of transaction options based on the transaction
proposal and the MV T. The operations may also include scoring, via an actor pool
associated with a scoring engine, each of the plurality of transaction options using the at
least one analytical model, and verifying, via an actor pool associated with a policy
calculator, that the each of the plurality of transaction options complies with a

fransaction policy based on the scoring. The operations may also include optimizing, via

an actor pool associated with a transaction optimizer, the plurality of transaction options
based on at least one preference, and transmitting, via the API, at least one transaction
offer based on the optimized plurality of transaction options.

[007] Consistent with the present embodiments, a method for mass execution of

analytical models is disclosed. The method may include, for example, receiving, via an

Application Programming Interface (API), a transaction proposal including a first plurality
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of transaction parameters. The method may. further include iteratively verifying, via an
~actor pool associated with a data interface module, a plurality of data sources identified
based on the received transaction proposal. The method may also include generating a
minimally viable transaction (MVT) including a second plurality of transaction
parametefs based on the transaction proposal. The method may further include
generating, via an actor pool associated with a transaction generator, a plurality of
transaction options based on the transaction proposal and the MVT. The method may
also include scoring, via an actor pool associated with a scoring engine, each of the
plurality of transaction options using the at least one analytical model, and verifying, via
an actor pool associated with a policy calculator, that the each of the plurality of
transaction options complies with a transaction policy based on the scoring. The method
may also include optimizing, via an actor pool associated with a transaction optimizer,
the plurality of transaction options based on at least one preference, and transmitting,
via the API, at least one transaction offer based on the optimized plurality of transaction
options.

[008] Aspects of the disclosed embodiments may inciude tangible
computer-readable media that store software instructions that, when executed by one or
more processors, are configured for and capable of performing and executing one or
more of the methods, operations, and the like consistent with the disclosed
embodiments.

[009] The foregoing general description and the following detailed description

are exemplary and explanatory only and are not restrictive of the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[010] The accompanying drawings, which are incorporated in and constitute a
part of this specification, illustrate several embodiments and, together with the
description, serve to explain the disclosed principles. In the drawings:

[011] FIG. 1 i1s a schematic diagram illustrating an exemplary system
environment for mass execution of analytical models using scale-out computing to
predict optimal decisions, consistent with disclosed embodiments.

[012] FIG 2. is a diagram of an exemplary decisioning engine system configured
to perform functions of the disclosed methods, consistent with disclosed embodiments.

[013] FIG. 3 is an exemplary decisioning system 300 and decisioning module
messaging handling sequence for predicting optimal decisions, consistent with
disclosed embodiments.

[014] FIG. 4 is an exemplary table reflecting transaction proposals, consistent
with disclosed embodiments.

[015] FIG. 5 is an exemplary interface for receiving transaction proposal data,
consistent with disclosed embodiments.

[016] FIGS. 6A-B are exemplary interfaces for displaying a transaction proposal

response, consistent with disclosed embodiments.

[017] FIGS. 7A-B are exemplary interfaces for presenting offers, consistent with

disclosed embodiments.

DESCRIPTION OF THE EMBODIMENTS

[018] DiscloSed embodiments improve the intelligence of real-time decisioning

systems by configuring advanced execution environments that are asynchronous and



CA 02952174 2016-12-16

Attorney Docket No. 05793.3556-00000

non-blocking in nature so as to allow the parallel execution of analytical models across

multiple dimensions of data relevant to predicting optimal decisions. To achieve these
Improvements In decisioning technology, among other things, the disclosed
embodiments may determine a minimally viable transaction (MVT) structure, setting the
maximum extent that a transaction structure can become modified and remain
acceptable, and scale-out the analytical modeling computations only within the
acceptable range of variations.

[019] In some embodiments, disclosed systems and techniques may further
identify an optimal transaction structure (or set of structures) by executing transaction
structure variations for every transaction policy and scoring, sorting, and ranking the
variations. For example, disclosed embodiments may use parallel computing and big
data techniques to scale-out the computation of analytical models against many
variations of input to produce a range of transaction outcomes. These outcomes may
then be analyzed against target decision outcomes to provide an optimal set of discreet
decision possibilities.

[020] Reference will now be made in detail to exemplary embodiments,
examples of which are illustrated in the accompanying drawings and disclosed herein.
Wherever convenient, the same reference numbers will be used throughout the
drawings to refer to the same or like parts. For ease of discussion, the present
disclosure may describe embodiments in the context of a financial service provider
predicting an optimal set of vehicle loan offers in response to receiving a loan

application. It is to be understood, however, that disclosed embodiments are not limited

to the vehicle loans, home loans, land loans, personal loans, lines of credit, sale of
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goods or services, etc. Rather, disclosed systems and technigues for mass execution of
analytical models across multiple dimensions of data relevant to predicting optimal
decisions in real-time may be employed to respond to any type of negotiation involving
variable terms. Indeed, disclosed embodiments are not limited to the financial service
iIndustry and, in fact, are not limited to any particular industry or field.

[021] FIG. 1 1s a schematic diagram of an exemplary system environment for
mass execution of analytical models using scale-out computing to predict optimal
decisions, consistent with disclosed embodiments. In particular, FIG. 1 shows a diagram
of an exemplary system 100, consistent with disclosed embodiments, revealing some
technical aspects of the present disclosure for achieving the intended results of the
present disclosure. Referring to FIG. 1, system 100 may include a plurality of client
devices 102, a network 104, local network 106, a decision engine system 108, a
plurality of data repositories 110, a plurality of server clusters 112, and a cloud
service 114. The components and arrangement of the components included in system
100 may vary. Thus, system 100 may further include other components or devices that
perform or assist in the performance of one or more processes consistent with the
disclosed embodiments. The components and arrangements shown in FIG. 1 are not
iIntended to limit the disclosed embodiments, as the components used to implement the
disclosed processes and features may vary.

[022] As shown in FIG. 1, the plurality of client services 102 may be
implemented using a variety of different equipment, such as supercomputers, personal
computers, servers, mainframes, mobile devices like smart phones and tablets, etc. In

some embodiments, client device(s) 102 may be configured to receive input from a
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user, such as input regarding a transaction proposal (e.g., a loan application). For
example, client device(s) 102 may execute a web browser application to present a web
page through which a user may submit a transaction proposal. Client devices 102 may
send that inputted data (e.g., transaction proposal) to decision engine system 108 for
processing. In some embodiments, client device(s) 102 may be associated with an
applicant for a vehicle loan. Additionally or alternatively, client device(s) 102 may be
associated with an intermediary or point of sale, such as an automotive dealer. Client
devices 102 may be connected to a network such as network 104. In some
embodiments, client devices 102 may be connected to a local nétwork (e.g., a local
network of an automotive dealer), such as local network 106.

[023] Network 104, in some embodiments, may comprise one or more
interconnected wired or wireless data networks that receive data from one device (e.g.,
decision engine system 108) and send it to another device (e.g., server clusters 112
and/or cloud service 114). For example, network 104 may be implemented as the
Internet, a wired Wide Area Network (WAN), a wired Local Area Network (LAN), a
wireless LAN (e.g., IEEE 802.11, Bluetooth, etc.), a wireless WAN (e.g., WiMAX), or the
like. Each component in system 100 may communicate bidirectionally with other
system 100 components either through network 104 or through one or more direct
communication links (not shown).

[024] Decision engine system 108 may be implemented using a variety of
different equipment, such as one or more supercomputers, one or more personal

computers, one or more servers (e.g., server clusters 112 and/or cloud service 114),

one or more mainframes, one or more mobile devices, or the like. In some
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embodiments, decision engine system 108 may comprise hardware, software, and/or

firmware modules. Decision engine system 108 may be configured to receive a
transaction proposal including a proposed transaction structure (e.g., a loan application
proposing a set of terms), identifying flexible parameters of the proposed transaction
structure (e.g., a loan amount, cash down required, annual percentage rate (APR),
length of loan, warra.nty costs, etc.), coordinate parallel computing of analytical models
against the potential variations of the transaction structure given the flexible transaction
parameters, and score and rank the potential variations according to the preferences of
those involved in the proposed transaction (e.g., a financial service provider, automotive
dealer, and/or vehicle purchaser and loanee). In some embodiments, decision engine
system 108 may run machine learning, trending, and/or pattern recognition algorithms
to further refine the identification and/or ranking of transaction structures that appeal to
involved parties. Additionally or alternatively, decision engine system 108 may present
the identified transaction structures in a spider graph (e.g., web chart, star chart, star
plot, cobweb chart, irregular polygon, polar chart, kiviat diagram, etc.) having radil

representing, for example, various variable terms of the transaction.

[025] Data repositories 110 may be configured to store information consistent
with the disclosed embodiments. In some aspects, components of system 100 (shown
and not shown) may be configured to receive, obtain, gather, collect, generate, or

produce information to store in data repositories 110. In certain embodiments, for
instance, components of system 100 may receive or obtain information for storage over
communications network 104 (and/or local network 106). By way of example, data

repositories 110 may store vehicle inventory information of an automotive dealer. In
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another example, data repositories 110 may store credit information associated with
Individuals collected and/or generated by a credit bureau. In other aspects, components
of system 100 may store information in data repository 110 without using network 104
(e.g., via a direct connection). In some embodiments, components of system 100,
Including but not imited to decision engine system 108, may use information stored
within data repository 110 for processes consistent with the disclosed embodiments

[026] Server clusters 112 may be located in the same data center or in different
physical locations. Multiple server clusters 112 may be formed as a grid to share
resources and workloads. Each server cluster 112 may include a plurality of linked
nodes operating collaboratively to run various applications, software modules, analytical
models, rule engines, etc. Each node may be implemented using a variety of different
equipment, such as a supercomputer, personal computer, a server, a mainframe, a
mobile device, or the like. In some embodiments, the number of servers and/or server
clusters 112 may be‘expanded or reduced based on workload. In some embodiments,
one or more components of decision engine system 108 (including one or more server
clusters 112) may be placed behind a load balancer to support high availability and
ensure real-time (or near real-time) processing of optimal decision predictions,
consistent with disclosed embodiments.

[027] Cloud service 114 may include a physical and/or virtual storage system
assoctated with cloud storage for storing data and providing access to data via a public
network such as the Internet. Cloud service 114 may include cloud services such as

that offered by, for example, Amazon, Apple, Cisco, Citrix, IBM, Joyent, Google,

10
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Microsoft, Rackspace, Salesforce.com and Verizon/Terremark, or other types of cloud
services accessible via network 104.

[028] In some embodiments, cloud service 114 comprises multiple computer
systems spanning m'ultiple locations and having multiple databases or multiple
geographic locations associated with a single or multiple cloud storage service(s). As
used herein, cloud service 114 refers to physical and virtual infrastructure associatea
with a single cloud storage service. In some embodiments, cloud service 114 manages
and/or stores data associated with mass execution of analytical models using scale-out
computing to predict optimal decisions.

[029] FIG. 2 is a diagram of an exemplary decisioning engine configured to
perform functions of the disclosed methods, consistent with di;closed embodiments. As
shown, decision engine system 108 may include one or more processor 260,
input/output (“1//O") devices 270, and memory 280 storing data and programs 282
(including, for example, structure risk (SR) model(s) 284, applicant risk (AR) model(s),
and operating system 288). As noted above, decision engine system 108 may be a
single server or may be configured as a distributed computer system including multiple
servers or computers (e.g., server clusters 112 and/or cloud service 114) that
interoperate to perform one or more of the processes and functionalities associated with
the disclosed embodiments. In some embodiments, decision engine system 108 Is
specially configured with hardware and/or software modules for performing functions of
disclosed methods. For example, decision engine system 108 may include

programs 282 (including Structure Rating (SR) model(s) 284 and Applicant Rating (AR)

model(s)) and/or decisioning module(s) 292. The modules can be implemented as

11
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specialized circuitry integrated within processor 260 or in communication with
processor 260, and/or specialized software stored in memory 280 (as depicted in
FIG. 2) executable by processor 260.

[030] Processor 260 may be one or more known or custom processing devices
designed to perform functions of the disclosed methods, such as a single core or
multiple core processors capable of executing parallel processes simultaneously. For
example, processor 260 may be configured with virtual processing technologiés. In
certain embodiments, processor 260 may use logical processors to simultaneously
execute and control multiple processes. Processor 260 may implement virtual machine
technologies, Including a Java virtual machine, or other known technologies to provide
the ability to execute, control, run, manipulate, store, etc. multiple software processes,
applications, programs, etc. In another embodiment, processor 260 may include a
multiple-core processor arrangement (e.g., dual core, quad core, etc.) configured to
provide parallel processing functionalities to allow decision engine system 108 to
execute multiple processes simultaneously. One of ordinary skKill in the art would
understand that other types of processor arrangements could be implemented that
provide for the capabilities disclosed herein.

[031] Decision engine system 108 may also include one or more 1/0
devices 270 that may comprise one or more interfaces for receiving signals or input

from devices and providing signals or output to one or more devices that allow data to
be received and/or transmitted by decision engine system 108. Decision engine
system 108 may also include interface components that display information and/or

provide interfaces to one or more input devices, such as one or more keyboards, mouse

12
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devices, and the like, that enable in decision engine system 108 to receive input from a
user or administrator (not shown).

[032] Decision engine system 108 may include one or more storage devices
configured to store information used by processor 260 (or other components) to perform
certain functions related to the disclosed embodiments. In one example, decision
engine system 108 may include memory 280 that includes instructions to enable
processor 260 to execute one or more applications, such as SR model(s) 284 anad/or
AR model(s), server applications, network communication processes, and any other
type of application or software known to be available on computer systems. Alternatively
or additionally, the instructions, application programs, etc. may be stored in an internal
database or external storage (not shown) in direct communication with decision engine
system 108, such as one or more database or memory accessible over network 104.
The internal database and external storage may be a volatile or non-volatile, magnetic,
semiconductor, tape, optical, removable, non-removable, or other type of storage device
or tangible (i.e., non-transitory) computer-readable medium.

[033] Decision engine system 108 may also be communicatively connected to
one or more remote memory devices (e.g., remote databases (not shown)) through
network 104 or a different network. The remote memory devices may be configured to
store information (e.g., structured, semi-structured, and/or unstructured data) and may
be accessed and/or managed by decision engine system 108. By way of example, the

remote memory devices may be document management systems, Microsoft SQL

database, SharePoint databases, Oracle™ databases, Sybase™ databases, or other

13
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relational databases. Systems and methods consistent with disclosed embodiments,

however, are not limited to separate databases or even to the use of a database.

[034] In one embodiment, decision engine system 108 may include memory 230
that includes instructions that, when executed by processor 260, perform one or more
processes consistent with the functionalities disclosed herein. Methods, systems, and
articles of manufacture consistent with disclosed embodiments are not limited to
separate programs or computers configured to perform dedicated tasks. For example,
decision engine system 108 may include memory 280 that may include one or more
programs 282 and/or decisioning module(s) 292 to perform one or more functions of the
disclosed embodiments. Moreover, processor 260 may execute one or more programs
located remotely from system 100. For example, decision engine system 108 may
access one or more remote programs, that, when executed, perform functions related to
disclosed embodiments.

[035] Memory 280 may include one or more memory devices that store data

and instructions used to perform one or more features of the disclosed embodiments.

For example, memory 280 may represent a tangible and nontransitory
computer-readable medium having stored therein computer programs, sets of

instructions. code, or data to be executed by processor 260. Memory 280 may include,

for example, a removable memory chip (e.g., EPROM, RAM, ROM, DRAM, EEPROM,

flash memory devices, or other volatile or non-volatile memory devices) or other

removable storage units that allow instructions and data to be accessed by

nrocessor 260.

14
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[036] Memory 280 may also include any combination of one or more relational
and/or non-relational databases controlled by memory controlier devices (e.g.,

server(s), etc.) or software, such as document management systems, Microsoft SQL
databases. SharePoint databases, Oracle™ databases, Sybase™ databases, or other
relational databases, or non-relational databases such as key-value stores or NoSQL
databases such as Apache HBase™. |In some embodiments, memory 280 may
comprise an associative array architecture, such as a key-value storage, for storing and

rapidly retrieving large amounts of information.

[037] Programs 282 stored in memory 280 and executed by processor(s) 260
may include one or more SR model(s) 284, AR model(s) 286, and operating
system 288. Programs 282 may also include one or more machine learning, trending,
and/or pattern recognition applications (not shown) that cause processor(s) 260 to
execute one or more processes related to identifying, scoring, and/or ranking of
transaction structures. For example, the one or more machine learning, trending, and/or
pattern recognition may provide, modify, or suggest input variables associated with one

or more other programs 282.

[038] Consistent with disclosed embodiments, decision engine system 108 may

execute one or more scoring models, including but not limited to SR model(s) 284 and

AR model(s) 286, for every user (e.g., loan applicant), transaction proposal (e.g., loan

application), every potential variation of the transaction proposal, and/or response 10 a

transaction proposal (e.g., loan offers). The scoring models may be analytical models

applying, for example, linear regression algorithms and/or boosted tree algorithms. The

scoring models may leverage structured data (e.g., fixed field data received from credit

15
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bureau databases, data received from dealer website via an API, etc.) or unstructured
data (e.g., images of loan application documents or supporting documents, images of
the collateral, etc.) pfoduce scores indicating the risk and/or acceptabllity associated
with a user, transaction proposal, all acceptable transaction structure variants of a
transaction proposal, and/or transaction proposal responses. For example, In the case
of a loan application for an automotive purchase, the scoring models may produce a
score that rates the applicant, each potential transaction structure of the loan sought,
and/or the loan offers provided in response to the auto loan request according to credit
risk, loan preferences, and/or other factors (including those either learned or
suggested). .

[039] Consistent with disclosed embodiments, AR model 286 may be configurea
to assess the risk associated with a user or entity that has submitted a transaction
request. For instance, in the example where the applicant is a consumer that submitted
a loan application seeking a loan to fund a vehicle purchase, AR model 286 may
receive input variables associated with assessing the consumer's creditworthiness (e.g.,
FICO score, credit history, income, etc.) and produce a score rating the credit risk
associated with providing a loan to the consumer. In some embodiments, one or more
scores generated by other models (shown and not shown) may additionally be received
as an input variable. in some embodiments, multiple versions of models may be used In
combination to test all aspects of risk.

[040] Consistent with disclosed embodiments, SR model 284 may be configured
to assessing the risk associated with potential transaction structures. For example, SR

model 284 may receive a plurality of input variables that are acceptable to a transaction

16
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policy and produce scores Indicating the risk associated with approving a transaction

according to that trahsaction structure. For instance, continuing the above example, SR
model 284 may receive input variables associated with a potential transaction structure
for the sought vehicle loan (e.qg., loan to value (LTV) ratio, loan to income (LT]I) ratio,
AR model 286 score, etc.) and produce a scoring rating the risk associated with a loan
according to the transaction structure. As discussed herein, SR model 284 may score
every potential transaction structure associated with processing a fransaction proposal.
In some embodiments, one or more scores generated by other models (shown and not
shown) may additionally be received as an input variable.

[041] According to some embodiments, decision engine system 108 may also
validate scores prodUced by the scoring model(s) according to a transaction policy. The
transaction policy may define the relationship between the score produced by a model
and the input variables. In some instances, scores produced by a model within defined
ranges may dictate the range of input variables that are acceptable to the transaction
policy (referred to herein as the transaction policy rules). For example, when an AR
model 286 produces a score in a lower range (indicating a higher credit risk associated
with the applicant), then the transaction policy rules may require the LTV ratio provided
as input for SR model 284 to remain below a threshold level in order to comply with the
transaction policy. In another example, the transaction policy rules may allow a pricing
model to accept a higher overall cost (e.g., loan amount) as an input variable when an

SR model score is produced in a high range (indicating a lower risk transaction

structure). In some embodiments, the transaction policy rules may dictate which models

17
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become run on the transaction request (and/or variations thereof) based on input
variables and/or scoring my other models.

[042] Decisioning module(s) 292 may be stored in memory 280 and executed by
processor(s) 260 to implement one or more parts of a decisioning system comprising
fault-tolerant and scalable applications, such as applications built upon an Actor,
message, or Lambda based architecture. Additional details regarding decisioning
module(s) 292 is discussed below with respect to exemplary decisioning system 300 of
FIG. 3.

[043] FIG. 3 is an exemplary decisioning system 300 and decision module
messaging handling sequence for predicting optimal decisions, consistent with
disclosed embodiments. As noted above, decisioning system 300 may comprise one or
more fault-tolerant and scalable applications (referred to herein as decisioning
module(s) 292) executed by decision engine system 108. Decisioning system 300 may
be a message-based system wherein decisioning module(s) 292 act on messages sent
through the decisioning system 300. Decisioning module(s) 292 may include, but are
not limited to: data interface 304, MVT generator 306, score engine 308, potential
transaction generator 310, policy calculator 312, and/or transaction optimizer 314.

[044] Each module among decisioning module(s) 292 may be independent to
work on a given message as it is received/retrieved. Indeed, although operations
discussed below may be described as occurring in a particular sequence for ease of
discussion, it should be understood that disclosed operations, events, etc. may occur In

parallel and/or simultaneously. Further, decisioning module(s) 292 may become

replicated to scale out operations as needed to respond to a transaction proposal In
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real-time. Decisioning module(s) 292 may be deployed as remote actors or as

components in big data systems such as Spark or Hadoop. In some embodiments,
subsystem 300 may be packaged as a set of JAR (Java Archive) files or other
packaged file format that compose the libraries and decisioning modules 292 used in

the subsystem.

[045] Decision engine system 108 (via, e.g., server cluster 112 and/or cloud
service 114) may perform some or all steps of discloses processes via the specialized
hardware and/or software configured to perform functions related to disclosed
embodiments. it is to be understood, however, that in some embodiments one or more

other devices may perform one or more steps described below, such as client

devices 102.

[046] As shown in FIG. 3, decision system 300 may receive a transaction
proposal via application scoring APl 302. For example, a client device 102 associated
with a vehicle purchaser and/or automotive dealer may make an AP! call to a RESTHul
API to submit a loan application to a financial institution (or other credit handler)
associated with decision engine system 108. In some embodiments, client device 102
may submit the transaction proposal via a web page or other access portal. For
example, as depicted in FIG. 4, an interface 400 may be provided for accepting
transaction proposals. Interface 400 may include input fields (text field, dropdown
menus, checkboxes, image upload areas, etc.) for accepting information associated
with a transaction proposal, such a vehicle loan application. For example, interface 400

may include a vehicle area 410 providing input fields for receiving vehicle identifying

information for a vehicle associated with a loan request. Similarly, interface 400 may
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include an applicant area 420 providing input fields for receiving applicant information.
Further, interface 400 may include a loan area 430 providing input fields for receiving
proposed transactioh parameters (e.g., requested loan terms). Interface 400 may also
include an input means 440 for recelving an indication that the decision engine may
provide loan offers associated with vehicles other than that identified in vehicle

area 410.

[047] Returning to FIG. 3, in some embodiments, a RESTful APl 311 may be
responsible for simple data validation, input formatting, etc. and decline the application
based on detected errors without passing on the transaction proposal to decisioning
module(s) 292. Similarly, application scoring AP| 302 may process the transaction
proposal for application pre-acceptance and approve the transaction proposal based on
pre-acceptance criteria. Application scoring APl 302 may construct a proposal message
based on the transaction proposal.

[048] Data interface 304 may retrieve the application message and operate as
an interface to internal and/or additional data sources (such as credit bureaus, financial

service providers, etc.) storing information that may become acted upon by other
decisioning model(s) 292 in processing the transaction proposal. For example, data

interface 304 may extract identifying information for a loan applicant from the application
message (e.g., name, address, employers, social security number, driver's license
number, financial account number, etc.) and acquire a credit rating for the applicant
from a credit bureau; account balance of the applicant from financial service providers,
income information from an employer of the applicant, etc. Data interface 304 may

further parse, store, and validate the acquired data. Data interface 304 may also access
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local storage when, for example, the transaction proposal is a resubmission, and the
information relevant to the transaction proposal (and/or acting on the transaction
proposal) has previously been acquired by data interface 304. Data interface 304 may
further receive input from a user or administrator of decision engine system 108. Data
iInterface 304 may construct a message reflecting the application proposal and collected
data.

[049] MVT generator 306 may retrieve the message reflecting the application
proposal and collected data and generate a minimally viable transaction (MVT). In some
embodiments, the MV T may be the maximum extent to which a transaction proposal
(e.g., as indicated by the applicant in loan area 430) can be modified and remain
acceptable. For exarhple, referring to FIG. 5, decision engine system 108 may receive a
transaction proposal requesting a vehicle loan according to a deal structure having
parameters including length of loan 501, sales price 503, cash down 5035, and warranty
costs 507. As shown in FIG. 5, the transaction proposal may request deal
parameters 502 including: a 60-month length of loan, a $25,000 sales price/loan
amount, a $1,000 cash down, and $2,500 warranty cost coverage. MVT Generator 306
may modify these deal parameters to the maximum extent the scoring models, such as
SR model 284 and AR model 286, can produce a score th-at remains valid under the
transaction policy. (If an MVT cannot become verified, a message rejecting the
transaction request may be transmitted to the requestor via Application Scoring AP| 302

for presentation.) In the example depicted in FIG. 5, MVT Generator 306 identified MVT

parameters 504 including: 75-month length of loan, $15,000 sales price, $11,000 cash
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down, and $0 warranty cost. Data interface 304 may also construct a message
reflecting the application proposal, collected data, and MVT.

[050] Returning to FIG 3., score engine 308 may retrieve the message reflecting
the application proposal, collected data, and/or MVT and generate an MVT score. (As
discussed below, score engine 308 may also generate a score for all transaction
parameter variations between transaction proposal 502 and MVT 504.) For example,
score engine 308 may apply one or more scoring models, including but not limited to
SR model(s) 284 and AR model(s) 286 to the MVT structure/MVT parameters 504 In
order to produce an MVT score indicating the risk associated with the MVT structure.
Score engine 308 may pass the MVT score to policy calculator 312 for
verification/validation.

[051] Policy calculator 312 may validate the MVT score as conforming to the
transaction policy defining, among other things, the relationship between the score
produced by a model and the input variables. For example, policy calculator 312 may
confirm that all input variables for the one or more applied scoring models complied with
the transaction policy associated with the MVT. (As discussed below, policy

calculator 312 may also validate any and all scores generated on each transaction

parameter variation between transaction proposal 502 and MVT 504.) Policy
calculator 312 may also construct a message reflecting the application proposal,

collected data, and validated MVT.
[052] Potential transaction generator 310 may retrieve the message reflecting
the application proposal, collected data, and validated MVT and generate a plurality of

transaction options. The plurality of transaction options may represent, for example,
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alternative transaction structures to that indicated by the transaction proposal. In
particular, potential transaction generator 310 may identify all possible transaction
parameter variations between transaction proposal 502 and MVT 504. For example,
potential transaction generator 310 may identify variation increments 506 (e.g., step
deltas) for incrementing or decrementing each transaction parameter 501, 503, 505,
and 507 between the parameters associated with transaction proposal 502 and

MVT 504. Thus, with respect to the example depicted in FIG. 5, potential transaction
generator 310 may identify a variation increment 506 for the length of loan

parameter 501 as being 6-month increments (between 60-75 months), $500 increments
for the sales price parameter 503 (between $15,000-$25,000), $500 increments for the
cash down parameter 505 (between $1,000-$11,000), and $100 increments for the
warranty costs parameter 507 (between $0-$2,500). Thus, with the minimum value,
maximum value, and variation increment known for each transaction parameter,
potential transaction generator 310 may identify all possible combinations of the
transaction parameters between transaction proposal 502 and MVT 504 at the variation
iIncrements 506. The resulting set of transaction options may be expressed as a

transaction structure vector.

(053] Score engine 308 may retrieve a message reflecting at least the

transaction structure vector and generate a transaction option score for each

transaction operation identified by potential transaction generator 310. For example,
score engine 308 may apply one or more scoring models, including but not limited to SR
model(s) 284 and AR model(s) 286 to each transaction option to produce a transaction

option score indicating the risk associated with each transaction option. The scoring
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may occur in the same or similar manner as discussed above with respect to scoring

MVT 504. Score engine 308 may pass the transaction option scores to policy
calculator 312.

[054] Policy calculator 312 may validate the transaction option scores as
conforming to transaction policy. For example, policy calculator 312 may confirm that all
input variables for the one or more applied scoring models complied with the transaction
policy associated with the underlying transaction option scored. Policy calculator 312
may also construct a message reflecting the application proposal, collected data,

transaction structure vector, and validated transaction option scores (which may be

similarly expressed in vector form).

[055] Potential transaction generator 310 may also identify one or more
additional vehicles and generate a plurality of additional transaction options as
alternatives to transaction proposal. For example, potential transaction generator 310
may identify one or more additional vehicles as an alternative to the vehicle associated
with the transaction proposal when the transaction proposal is not valid (e.g., when the

transaction proposal does not fall within the MV T parameters and/or policy

calculator 312 determined the MVT score was invalid for not conforming to the
transaction policy). In other embodiments, potential transaction generator 310 may
identify one or more additional vehicles as an alternative to supplement to the
transaction options associated with the original vehicle. For example, the applicant may

have indicated in input means 440 a desire to receive loan offers for vehicles other than

that identified in the transaction proposal. Potential transaction generator 310 may
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iIdentify the one or more additional vehicles based on one or more preferences
associated with the customer and/or dealer.

[056] Regardless, each alternative associated with an additional vehicle may
become subjected to the same or similar processing, scoring, validation, etc. as
discussed above with respect to the transaction proposal, MVT transaction structure,
and transaction options. Specifically, for each additional vehicle, MVT generator 306
may generate an additional MVT in the same or similar manner to that done above with
respect to the transaction proposal and vehicle identified therein. Score engine 308 may
also score each of the additional MV Ts, and policy calculator 312 may verify that each
of the additional MV Ts comply with transaction policy. Potential transaction
generator 310 may then retrieve a message reflecting all the verified additional MVTs
and generate a plurality of transaction options as alternatives to the transaction
structure indicated the transaction proposal for each additional vehicle. The resulting set
of additional transaction options may be expreSsed as an additional transaction
structure vector.

[057] Transaction optimizer 314 may retrieve a message indicating the potential

transactions (e.g., the transaction proposal, MVT transaction, the plurality of transaction

options (e.qg., transaction structure vector), and plurality of additional transaction options
(e.g., additional transaction structure vector, and associated validated scores) and

construct an optimized response to the transaction proposal. For example, transaction
optimizer 314 may prioritize the potential transactions according to transaction score
(e.g., MVT score, transaction option scores, etc.) and/or customer preferences, dealer

preferences, and/or lender preferences. In some embodiments, the optimizer may
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select transactions based on learned preferences based on historical trends of similar
transactions. In some embodiments, transaction optimizer 314 may select a
predetermined number of top transaction scores to provide in ranked order as deal
offers to the applicant. Additionally or alternatively, transaction optimizer 314 may
prioritize potential transactions according to a customer preference associated with one
or more transaction parameters or associated offer terms. For example, transaction
optimizer 314 may prioritize potential transactions based on the APR based on a
customer preference for a low APR over other parameter considerations. Similarly,
transaction optimizer 314 may prioritize the potential transactions based on a customer
preference for lower monthly payments over other parameter considerations.
Transaction optimizer 314 may generate an offer message reflecting the optimized
response to the transaction proposal reflecting the prioritized/ranked deal offers.

[058] The offer message may be transmitted to the requestor via Application
Scoring API 302 for presentation. For example, decision engine 108 may generate web
page data for client device 102 to display the offer message. FIGS. 6A-B are exemplary
interfaces for displaying a transaction proposatl response (e.g., an offer message),

consistent with disclosed embodiments.

[059] As depicted in FIG. 6A, an interface 600 may become generated with a
selectable area 610 indicating that the transaction proposal Is accepted and disclosing

the offer terms (e.g., APR rate, monthly payment, etc.). Interface 600 may also include
an area 620 providing additional ranked offers and indicating one or more differences
(longer length of loan, lower interest rate, lower monthly payment, etc.) between the

ranked offers and the offer terms of the accepted transaction proposal. The ranked
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offers may be selectable by the user operating client device 102. Additionally or
alternatively, interface 600 may present the identified transaction structures in a spider
graph (e.g., web chart, star chart, star plot, cobweb chart, irregular polygon, polar chart,
Kiviat diagram, etc.) having radii representing, for example, various variable terms of the
transaction. Interfacé 600 may additionally include a selectable tém 630 for receliving
additional alternative offers.

[060] As depicted in FIG. 6B, an interface 650 may become generated with a
area 660 indicating that the transaction proposal is rejected. Interface 650 may also
include an area 670 providing élternative ranked offers and indicating one or more
differences (different vehicle, larger cash down payment, etc.) between the ranked
offers and the offer terms of the rejected transaction proposal. The ranked offers may
be selectable by the user operating client device 102. Interface 600 may additionally
include a selectable tem 630 for receiving additional alternative offers.

[061] FIGS. 7A-B are exemplary interfaces for presenting offers, consistent with
disclosed embodiments. According to some embodiments, decision engine 108 may
provide an interface 700 for presenting a plurality of offers and receiving user input

associate with the plurality of offers. As shown in FIG. 7A, interface 700 may include an

area 710 displaying an adjustable slider bar associated with each of a plurality of
transaction parameters. For example, area 710 may include a length of loan slider

bar 721, sales price slider bar 722, cash down slider bar 723, and warranty costs slider
bar 724. The value range of each transaction parameter may be based on, for example,
the transaction proposal and MVT. In some embodiments, decision engine 108 will

present the slider bars as positioned at the values indicated in the transaction proposal
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(or the closest transaction parameters allowable where the transaction proposal

became rejected). Thus, continuing the example discussed with respect to FIG. 5,
area /710 indicates the length of loan slider bar 721 as set to 60 months, the sales
price slider bar 722 as set to $25,000, the cash down slider bar 723 as set to $1,000.
and the warranty costs slider bar 724 as set to $2,500.

[062] A user may operate the device displaying interface 700 (e.g., client
device 102) to manipulate the slider bars to change the transaction terms within the
allowable range. For example, as depicted in FIG. 7B, the sales price slider bar 722’
may be manipulated to $18,750. In some embodiments, when a user manipulates a
slider bar of area 710’, decision engine 108 may adjust the remaining slider bars as
needed to conform to the underlying transaction policy. For example, as sales price
slider bar 722" becomes set to $18,750, decision engine 108 may generate area 710’ to
simultaneously adjust the length of loan slider bar 721’ as set to 68 months. the cash
down slider bar 723" as set to $6,500, and the warranty costs slider bar 724’ as set to
$1,750. Interface 700 may further include a selectable item (e.g., a button) for receiving
acceptance of an offer according to the transaction structure indicated by the slider

bars.

[063] Descriptions of the disclosed embodiments are not exhaustive and are not
limited to the precise forms or embodiments disclosed. Modifications and adaptations of

the embodiments will be apparent from consideration of the specification and practice of
the disclosed embodiments. For example, the described implementations include

hardware, firmware, and software, but systems and methods consistent with the present
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disclosure can be implemented as hardware alone. Additionally, the disclosed
embodiments are not limited to the examples discussed herein.

[064] Computer programs based on the written description and methods of this
specification are within the skill of a software developer. The various programs or
program modules can be created using a variety of programming techniques. For
example, program sections or program modules can be designed in or by means of
Java, C, C++, assembly language, or any such programming languages. One or more
of such software sections or modules can be integrated into a computer system, non-
transitory computer-readable media, or existing communications software.

[065] Moreover, while illustrative embodiments have been described herein, the
scope includes any and all embodiments having equivalent elements, modifications,
omissions, combinat'ions (e.g., of aspects across various embodiments), adaptations or
alterations based on the present disclosure. The elements in the claims are to be
iInterpreted broadly based on the language employed in the claims and not limited to
examples described in the present specification or during the prosecution of the
application, which examples are to be construed as non-exclusive. Further, the steps of
the disclosed methods can be modified in any manner, including by reordering steps or
iInserting or deleting steps. It is intended, therefore, that the specification and examples
be considered as exemplary only, with a true scope and spirit being indicated by the

following claims and their full scope of equivalents.
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WHAT IS CLAIMED IS:

1. A system for reducing computational loads associated with predicting

transactions using scale-out computing of analytical models, comprising:
a memory storing instructions; and

one or more processors configured to execute the instructions to perform

operations comprising:

receiving, via an Application Programming Interface (API), a
transaction proposal including a first plurality of transaction

parameters,

teratively verifying, via an actor pool associated with a data
interface module, a plurality of data sources identified based

on the transaction proposal;

generating, via a minimally viable transaction (MVT) generator, an
MVT including a second plurality of transaction parameters,

based on the transaction proposal;

generating, via an actor pool associated with a transaction
generator, a plurality of transaction options based on the

transaction proposal and the MVT;

scoring, via an actor pool associated with a scoring engine, at least
one of the transaction options using the at least one

analytical model,

veritying, via an actor pool associated with a policy calculator, that
the transaction options comply with a transaction policy

based on the scoring;

optimizing, via an actor pool associated with a transaction

optimizer, the transaction options based on at least one

preference; and
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transmitting, via the API, at least one transaction offer based on the

optimized transaction options.

2. The system of claim 1, wherein at least one of the API, the data interface
module, the MV T generator, the transaction generator, the scoring engine, the

policy calculator, or the transaction optimizer comprise software modules.

3. The system of claim 2, wherein the software modules are operated on a remote
system.
4. The system of claim 1, wherein the MVT represents a maximum extent for

varying the first plurality of transaction parameters.

S. The system of claim 1, wherein:

the scoring engine comprises instructions that cause the one or more

processors to score the MV T using at least one analytical model;

the policy calculator comprises instructions that cause the one or more

processors to determine that the MVT does not comply with a

transaction policy, based on the scoring; and

wherein transmitting further comprises rejecting the transaction proposal.

6. The system of claim 1, wherein the MVT generator comprises instructions that

cause the one or more processors to:

identity at least one variation increment for each of the first plurality of

fransaction parameters; and

determine a plurality of transaction parameter variations between the first

plurality of transaction parameters and second plurality of
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transaction parameters according to the at least one variation

iIncrement.

The system of claim 1, wherein:
the transaction proposal indicates an inventory item;
the MV T generator is configured to cause the one or more processors to:

access an inventory database to identity a plurality of additional

inventory items; and

generate inventory MV Ts for at least one of the additional inventory

items:

the transaction generator is further configured to cause the one or more
processors to generate, via the actor pool associated with the
transaction generator, a second plurality of transaction options

based on the transaction proposal and the inventory MV Ts;

the scoring engine is further configured to cause the one or more

processors to score, via the actor pool associated with the scoring
engine, at least one of the second plurality of transaction options

using the at least one analytical model; and

the policy calculator is further configured to cause the one or more
processors to verify, via the actor pool associated with the policy
calculator, that at least one of the second plurality of transaction

options complies with the transaction policy based on the scoring.

The system of claim 7, further comprising:

a transaction optimizer configured to cause the one or more processors to
optimizing, via an actor pool associated with the transaction

optimizer, the plurality of transaction options and second plurality of

transaction options based on the at least one preference; and
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wherein the API is further configured to cause the one or more processors
to transmit the at least one transaction offer based on the optimized
plurality of transaction options and optimized second plurality of

transaction options.

The system of claim 1, wherein the at least one analytical model includes at least

at applicant rating (AR) model and structure rating (SR) model.

The system of claim 1, wherein the data interface module, the transaction
generator, the scoring engine, the policy calculator, and the transaction optimizer

comprise fault-tolerant and scalable applications.

The system of claim 1, wherein the data interface module, the transaction
generator, the scoring engine, the policy calculator, and the transaction optimizer
are implemented in at least one of a big data, actor, message bus, or

_Lambda-based architecture.

The system of claim 1, wherein one or more the operations are performed In

parallel.

The system of claim 1, wherein at least one actor pool is configured to expand or

contract based on a computational load associated with the operations

performed by said at least one actor pool.

A method for reducing computational loads associated with predicting optimal

transactions using scale-out computing of analytical models, comprising:
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receiving, via an Application Programming Interface (API), a transaction

proposal including a first plurality of transaction parameters;

iteratively verifying a plurality of data sources identified based on the

transaction proposal:

generating a minimally viable transaction (MVT) including a second
plurality of transaction parameters, based on the transaction

proposal;

generating a plurality of transaction options based on the transaction

proposal and the MVT;

scoring at least one of the transaction options using the at least one

analytical model;

verifying that the transaction options comply with a transaction policy

based on the scoring;
optimizing the transaction options based on at least one preference; and

transmitting, via the API, at least one transaction offer based on the

optimized transaction options.

The method of claim 14, wherein at least one first operation is performed on a

first system and at least one second operation is performed on a second system.

The method of claim 14, wherein one or more the operations are performed in

parallel.

The method of claim 14, wherein at least one of the operations is performed by at
least one actor pool configured to expand or contract based on a computational

load associated with the operations performed by said at least one actor pool.
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18.  The method of claim 14, wherein the MVT represents a maximum extent for

varying the first plurality of transaction parameters.

19.  The method of claim 14, wherein the transaction proposal indicates an inventory

item, and wherein the method further comprises:

accessing an inventory database to identify a plurality of additional

inventory items;

generating inventory MV Ts for at least one of the additional inventory

items:;

generating a second plurality of transaction options based on the

transaction proposal and the inventory MVTs;

scoring at least one of the second plurality of transaction options using the

at least one analytical model; and

verifying that at least one of the second plurality of transaction options

complies with the transaction policy based on the scoring.

20.  The method of claim 14, further comprising:

optimizing the plurality of transaction options and second plurality of

transaction options based on the at least one preference; and

transmitting, via the API, the at least one transaction offer based on the
optimized plurality of transaction options and optimized second

plurality of transaction options.
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