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(57) Abstract: The invention relates to a computer-implemented system and method for providing data science as a service (DSaaS)
using a real time data prediction contest. The method may comprise the steps of presenting a consumer interface via a network that
allows a data consumer to identify a subject data source having data fields that can be predicted; and presenting a participant interface
via the network that allows a participant to select a competition in which to participate and provides a web services interface enabling
the participant to provide web services that can be called by the web services interface. The web services provide a prediction of the
at least one data field, and the web services are permitted to utilize external data sources in generating the prediction. The prediction
can then be transmitted via the network to the consumer.
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SYSTEM AND METHOD FOR PROVIDING
DATA SCIENCE AS A SERVICE

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Application No. 62/420,861, filed
November 11, 2016, entitled “System and Method for Providing Data Science as a Service;”
U.S. Application No. 62/432,932, filed December 12, 2016, entitled “Real-Time Crowd-Sourced
Prediction and Control;” and U.S. Application No. 15/435,635, filed February 17, 2017, entitled
“System and Method for Providing Data Science as a Service,” each of which are hereby
incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to data science, and more particularly to a

system and method for providing data science as a service (DSaaS) using data prediction

contests.
BACKGROUND
[0003] There is widespread agreement that forecasting and predictive data analytics are

paramount to most businesses’ ability to compete in today’s economy. Forbes has reported that
ninety percent of CEOs believe big data will be as transformative as the internet. Many
companies are facing significant challenges in adapting to a new world of lower margins,
regulatory burdens, and increased competition from the technology sector. To compete
effectively in most industries, companies need access to efficient research and data prediction
capabilities.

[0004] Known approaches for conducting predictive data analytics suffer from some
significant drawbacks. For example, a company having limited internal staff to generate

predictive analytics may experience significant delays due to project backlogs, as such projects
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may run for months before yielding a useful result. There are known platforms, such as Kaggle

(www kaggle.com), that have tapped into external communities of data scientists for assistance.

These platforms enable a sponsor to run historical data prediction contests to further statistical
research. Using the so-called Common Task Framework, an historical data set is provided to
participants and a well-defined scoring mechanism is used to compensate them based on the
effectiveness of the predictive models they submit.

[0005] Historical data science contests, however, have a number of disadvantages. For
example, due to inevitable cheating when historical data is used for competitions, the burden left
with the data consumer after the competition has ended (including the need to port code), and the
ephemeral relevance of the work, the historical data competition model is often not an effective
approach. Historical data competitions also tend to be slow moving and thus they generally do

not provide the sponsor of the project with a useful predictive model in an expedited time frame.

[0006] These and other drawbacks exist with known systems and processes.
SUMMARY
[0007] Exemplary embodiments of the invention provide a new style of prediction

contest in which participants build models (e.g., published as web services) that respond in real-
time to a sequence of questions of a pre-defined type. Successful ideas in machine learning can
motivate design patterns for combinations of these real-time prediction contests, with an
objective of furthering forecasting, industrial control and decision making in general.

[0008] According to one embodiment, the invention comprises a method of
simultaneously crowd-sourcing both model selection and data gathering. The method may
comprise: (a) transmitting a live stream of questions in a pre-defined format from a central server

on behalf of a contest sponsor seeking real-time answers; (b) receiving real-time responses from
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a plurality of contributed web services generated by participants; and (c) recording answers in
real time for offline or online scoring, aggregation of estimates, and deferred compensation to
participants. A preferred embodiment of the invention comprises prediction of future values of a
source of updating data.

[0009] In various embodiments, the invention relates to a computer-implemented system
and method for providing data science as a service (DSaaS) using a real time data prediction
contest. The method may be executed on a specially programmed computer system comprising
one or more computer processors, electronic storage devices, and networks. The method may
comprise the steps of: presenting a consumer interface via a network, wherein the consumer
interface allows a data consumer to (a) identify a subject data source having data fields that can
be predicted, (b) specify at least one data field to be predicted, and (c) specify timing constraints
and cost constraints on the prediction of the data fields; presenting a participant interface via the
network, wherein the participant interface (y) allows a participant to select a competition in
which to participate and (z) provides a web services interface that enables the participant to
provide web services via the web services interface, wherein the web services can be called by
the web services interface, the web services provide a prediction of the at least one data field,
and the web services are permitted to utilize external information sources in generating the
prediction; and transmitting, by the consumer interface, the prediction to the data consumer via
the network.

[0010] The invention also relates to computer-implemented system for providing data
science as a service, and to a computer readable medium containing program instructions for

executing a method for providing data science as a service.
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[0011] Exemplary embodiments of the invention can provide a number of advantages to
a business or organization in need of predictive data analytics. For example, the DSaaS system
can provide an inexpensive but accurate way to predict any stream of data points by adopting the
prediction protocol as described herein. The DSaaS system can improve quality and reduce costs
for the system operator and its data consumers’ business processes. The DSaaS system can take
advantage of a significant and growing community of data scientists or other analysts or
individuals who are willing to compete and build services that benefit the requesting data
consumers. The DSaaS system can efficiently identify the most relevant machine learning,
statistical algorithms, and relevant data for a given task, avoid time consuming in-house iteration,
and reduce time to market. These and other advantages will be described further in the detailed

description below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] In order to facilitate a fuller understanding of the present invention, reference is
now made to the attached drawings. The drawings should not be construed as limiting the
present invention, but are intended only to illustrate different aspects and embodiments of the
invention.

[0013] Figure 1 is a diagram of a system for providing competitive data science as a
service (DSaaS) according to an exemplary embodiment of the invention.

[0014] Figure 2 illustrates an example of landing web page for the DSaaS system
according to an exemplary embodiment of the invention.

[0015] Figure 3 shows an example of a data consumer interface of the DSaaS system

according to an exemplary embodiment of the invention.
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[0016] Figure 4 depicts an example of a data consumer interface that allows a data
consumer to specify the data fields to be predicted according to an exemplary embodiment of the
invention.

[0017] Figure 5 is an example of a data consumer interface that allows the data consumer
to specify timing and cost parameters according to an exemplary embodiment of the invention.
[0018] Figure 6 depicts an example of a data consumer interface of the DSaaS system
that allows the data consumer to specify additional timing parameters according to an exemplary
embodiment of the invention.

[0019] Figure 7 is an example of a data consumer interface that provides a number of
interface options for web services provided by participants according to an exemplary
embodiment of the invention.

[0020] Figure 8 illustrates an example of a competition browser for a participant interface
according to an exemplary embodiment of the invention.

[0021] Figure 9 is an example of a leaderboard that ranks data science contests or
participants by certain variables according to an exemplary embodiment of the invention.

[0022] Figure 10 is a drawing illustrating an example of the real-time provision of data
science as a service according to an exemplary embodiment of the invention.

[0023] Figure 11 describes a process for parimutuel aggregation according to an

exemplary embodiment of the invention.

DETAILED DESCRIPTION
[0024] Exemplary embodiments of the invention will now be described in order to

illustrate various features of the invention. The embodiments described herein are not intended
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to be limiting as to the scope of the invention, but rather are intended to provide examples of the
components, use, and operation of the invention.

[0025] Initially, it is helpful to consider some principles of the operation of exemplary
embodiments of the invention. One such principle is that data science and predictive data
analytics often can be conducted more efficiently by searching for existing external data
analytics resources (e.g., computer models) than by building analytics capabilities in-house.
According to exemplary embodiments of the invention, data science can be procured efficiently
via searching external resources in the space of computer models, meta-parameters, relevant
correlated external data sources, data cleaning mechanisms, compute technologies, caching, state
management and storage mechanisms, for example. Searching for and obtaining these
components of predictive data analytics can provide significantly enhanced efficiencies as
compared with developing comparable resources in-house. Forecasting and recommendations
can be delivered by a large pool of talent, worldwide, rather than only by an organization’s
internal data analytics resources.

[0026] According to an exemplary embodiment, the invention outsources model
searching by providing a data science as a service (DSaaS) system for real-time data science
competitions. The DSaaS system can turn a significant liability of known historical data
competitions (use of outside data, which permits cheating) into a key asset, by encouraging
participants to discover relevant exogenous variables (e.g., external data sources) and use them.
In addition, the DSaaS system according to exemplary embodiments of the invention encourages
participants to deliver true value to data consumers by launching web services to answer a

multitude (e.g., thousands) of questions the DSaaS system relays in real-time, but the DSaaS
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system provides these participants with a model deployment platform in which this additional
step can be accomplished in an expedited time frame, e.g., in minutes.

[0027] The DSaaS system can create a new, efficient workflow that can be exploited by
leading companies and organizations and their customers. In the short time frame (e.g., seconds)
that may be allotted for a response, participants’ bots can scrape company filings, utilize any
number of resources on the programmable Web, search for correlated variables in public
databases, or even poll for data from their drone. Businesses looking to optimize their operations
can have a one stop shop in which forecast models tailored to their specific workflows can be
developed in an expedited manner with high reliability and virtually zero or negligible time to
market, for example. According to a preferred embodiment, all that is required from the data
consumer is a sequence of questions and/or solutions. The DSaaS system can enable computer
model search to go the way of internet search, i.e., enabling it to be simple, inexpensive and
immediate for the data consumer.

[0028] The DSaaS system can provide an inexpensive but accurate way to predict any
defined data points by adopting a “prediction protocol.” The DSaaS system can improve quality
and reduce costs for the system operator and its data consumers’ business processes. The DSaaS
system can take advantage of a significant and growing community of data scientists or other
analysts or individuals who are willing to compete and build services that benefit the requesting
data consumers. The DSaaS system can efficiently identify the most relevant machine learning,
statistical algorithms, and relevant data for a given task, avoid time consuming in-house iteration,
and reduce time to market.

[0029] According to a preferred embodiment of the invention, the DSaaS system can

provide these advantages because, in part, it includes a front end interface making the system
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accessible and user-friendly to data consumers and participants having little or no computer
programming expertise. Working with data science platforms, the DSaaS system makes it easy
for data scientists (participants) to launch a REST API service, for example, which receives,
manipulates and responds to questions using algorithms they develop themselves. The
participant finds a question/answer stream of interest on the system’s participant interface and
devises an approach. The participant writes a function in a language such as Python, R, Octave
or Julia that takes a standardized question and returns an answer. The participant interface
allows the participant to easily back-test the function and launch the web services. The DSaaS
system pays the participant a stream of income if the participant rises up the leaderboard, thus
demonstrating the utility of the offered solution. The DSaaS system can be configured to allow a
participant to offer to sell intellectual property rights to his or her algorithms and code to the data
consumer or to other participants. This feature allows a participant to monetize his or her cash
flows immediately. It may also satisfy certain transparency requirements of sponsoring data
consumer institutions and their regulators.

[0030] Referring now to the drawings, Figure 1 is a diagram of a system for providing
data science as a service (DSaaS) according to an exemplary embodiment of the invention. As
shown in Figure 1, the system may include one or more networks and one or more computing
devices, such as servers and personal computers. The DSaaS system may be operated by a
business, a data science company, or other type of organization that seeks to identify requests for
data science contests or predictive data analytics from its “data consumers,” solicit data science
solutions (e.g., predictions of certain identified data fields) from a community of “participants”
(e.g., data scientists, analysts, or other individuals), and provide some or all of those solutions to

its data consumers.
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[0031] As shown in Figure 1, the DSaaS system may be embodied primarily in a server
120 owned and/or operated by the company or organization providing the service (the “DSaaS
provider”). The server 120 may be operated by a data science contest manager 121 at the DSaaS
provider using a personal computing device such as a laptop computer 122. The manager 121
may be responsible for executing a particular data science contest or series of contests. The
server 120 may also be accessed by one or more data analysts 123 using their personal
computing devices such as laptop computer 124. 4The data analyst 123 may access the DSaaS
system and associated data and results to evaluate the accuracy and utility of various predictive
models or results provided by participants in a data science contest, for example.

[0032] The DSaaS system 120 communicates with other systems via a network 110 as
shown in Figure 1. The network 110 may comprise any one or more of the Internet, an intranet,
a Local Area Network (LAN), a Wide Area Network (WAN), an Ethernet connection, a WiFi
network, a Global System for Mobile Communication (GSM) link, a cellular phone network, a
Global Positioning System (GPS) link, a satellite communications network, or other network, for
example.

[0033] Also shown in Figure 1 are servers and personal computing devices of data
consumers. The data consumers may be businesses or other organizations that need data
predictions and predictive data analytics delivered to them in a cost effective and timely manner,
such as business intelligence, financial predictions, scientific predictions, and/or automation.
There are many examples of businesses or organizations that are data consumers. One particular
example might be a financial institution that needs to predict the trading volume of a security
such as a particular bond over a future period of time. Other examples may include an electric

utility that needs to predict demand for electricity during various defined future time periods, an
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online retailer that needs to predict demand for various products and services it offers during

defined time periods, a bicycle sharing service such as www.citibikenyc.com that has a need to

predict the number of bikes available at various stations, and a business that needs to predict
sales conditional on a hypothetical choice of price. In the latter example, an objective of the
business would be to capture the price optimization category, such as predicting movie sales
according to discounts offered, hotel room bookings according to price, or even the number of
candy bars sold by a vending machine conditional on a hypothetical choice of price.

[0034] Figure 1 depicts two such data consumers. A first data consumer such as a
retailer may have an analyst 141 who interacts with the DSaaS system 120 via a personal
computing device 140 and corporate server 142, for example. A second data consumer such as a
bicycle sharing service may have an analyst 145 who interacts with the DSaaS system 120 via a
personal computing device 144 and corporate server 146. Many other examples of data
consumers and types of predictive data exist for different retailers, service providers, financial
institutions, healthcare providers, government agencies, and other organizations and individuals.
[0035] Figure 1 also depicts participants who provide data science solutions, modeling,
and/or predictions to the DSaaS system according to exemplary embodiments of the invention.
The participants may be data scientists, analysts in a particular industry, or simply individuals
who have knowledge or experience in predictive data analytics and who are interested in
providing proposed solutions (e.g., predictions of certain data fields) to the DSaaS system in
exchange for potential compensation based on the effectiveness of their proposed solution or
data prediction. Figure 1 depicts a first participant 161 who may interact with the DSaaS system
via their personal computing device 160 and the network 110, for example. The first participant

161 may also arrange to make his or her predictive analytic solution continuously available by

10
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uploading it to a server 162, e.g., a cloud server of a cloud computing service such as Amazon
Web Services (AWS). Figure 1 depicts a second participant 165 who may interact with the
DSaaS system via his or her personal computing device 164 and the network 110. The second
participant 161 may also arrange to make his or her predictive analytic solution continuously
available by uploading it to a server 166.

[0036] Also shown in Figure 1 are two third party servers 182 and 186. The third party
servers 182, 186 represent external data sources that participants can draw upon and incorporate
as input to their models. For example, the participant 165 may create a web service that predicts
the number of bicycles available at a particular bike sharing station. As part of his or her
solution, the participant may create a REST API that automatically queries weather station data
maintained by a third party server 182 (because the weather may influence the likelihood that
people will rent bikes). The participant may also create a REST API that automatically queries
traffic data maintained on another third party server 186 (because heavy traffic may influence the
likelihood that people will rent bikes). The participant can therefore improve his or her
predictive capability by drawing upon third party data using an appropriate interface and query.
[0037] Those skilled in the art will appreciate that exemplary embodiments of the
invention can be utilized to provide data science as a service to a wide variety of data consumers
starting with a large community of participants and is not limited to the examples set forth
herein. In addition, the diagram shown in Figure 1 is merely one example of a DSaaS system
configuration and its interfaces with other systems and is not intended to be limiting. Those
skilled in the art will appreciate that other types and configurations of networks, servers,

databases and personal computing devices (e.g., desktop computers, tablet computers, mobile

11
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computing devices, smart phones, etc.) may be used with exemplary embodiments of the
invention.

[0038] Figure 2 illustrates an example of a landing web page of the DSaaS system
providing an interface between the DSaaS system, the data consumers and the participants. As
shown in Figure 2, a data consumer may begin under the header entitled “Define the Future”
where the web page or software application (“app”) indicates that the consumer can choose a
web page or other subject data source that updates and have the crowd (participants) predict
updating numbers. The data consumer can click on the button 222 entitled “SHOW ME HOW”
to get started.

[0039] The participant, such as a data scientist, analyst, or individual, can get started
under the heading entitled “Predict the future” 230. The web page or app indicates that the
participant can create a prediction bot and start earning money. It also includes a search bar 232
to search available data competitions, a number of icons 234 that the participant can click on to
browse various available data competitions, and an indication 236 of the total amount of prize
money available. The web page also includes a button 238 entitled “SHOW ME HOW” to
enable the participant to obtain detailed information on the rules and resources available for
participating in a data science competition.

[0040] If the data consumer chooses to proceed with defining the data it would like to
have predicted by various participants, the data consumer can begin, for example, by identifying
a subject data source containing the one or more data fields to be predicted. The subject data
source may comprise any identifiable data source such as a website or a table in a database, for
example. The subject data source may include data fields that are updated periodically,

according to a preferred embodiment of the invention. The data consumer may identify the

12
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subject data source with an address, e.g., by inputting a uniform resource locator (URL) for a
website that includes the data fields to be predicted. Figure 3 illustrates an example of a
consumer interface 300 provided by the DSaaS system as a web page or app in which the

consumer has identified hitp://citibike.mobi/ in the address bar 310 for the URL. The consumer

interface 300 also includes a progress bar 312 that illustrates for the data consumer how far along
he or she is in the process of defining the data fields to be predicted. One of the advantages that
various embodiments of the invention can provide is a process that is simple and expedient for
both the data consumer and the participant, thus enhancing the likelihood that data consumers
and participants will use and rely on the DSaaS system.

[0041] Figure 3 illustrates an example of the structured data 314 (JSON in this example)
that is provided by the subject data source. In this example, the Citibike website broadcasts the
number of available bikes and free bike docks at New York City bike stations, together with
static attribute data such as the name, latitude and longitude of the bike station. This web page is
public and maintained by the bike sharing program in order that developers can access the data in
a convenient programmatic manner. The page updates at regular intervals, approximately every
minute, and thus provides real-time time series data of interest to a large number of interested
parties. Typically, the current value of this data would be consumed by application developers,
but according to exemplary embodiments of the present invention, a substantially identical page
is maintained by the DSaaS system comprising future estimates of these quantities, e.g., 15, 30,
60, and/or 90 minutes in the future. The predicted data is made available to the data consumer
that requested it, according to the format, content, interface, and timing requirements specified
by the data consumer according to one embodiment of the invention. The data consumer pays

compensation to the DSaaS system that it agreed to pay when requesting the predicted data. The

13
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DSaaS system compensates the participants based on the quality score of their predictions, as
will be discussed further below.

[0042] Figure 4 depicts an embodiment of a consumer interface 400 provided by the
DSaaS system according to an exemplary embodiment of the invention. As shown in Figure 4,
the website containing data fields to be predicted is the Citibike website that is used to manage
the bike share program in New York. The consumer interface 400 includes an address bar 410 in
which a consumer can specify an address such as a URL or other identifier of the data source
containing the one or more data fields to be predicted. The consumer interface 400 includes a
progress bar 412 showing the relative progress of the consumer in defining the data fields to be
predicted.

[0043] The consumer interface 400 also includes a table 414 that lists one or more
attributes, examples of the attributes, data types for each attribute, and check boxes to allow a
consumer to indicate whether the attribute is an index value, a value to be predicted, or an
attribute that is fixed. In this example, the table 414 provides the attributes, including station
name, number of available docks, total number of docks, latitude and longitude of the station,
and the number of available bikes. The website allows the data consumer to specify with check
boxes which data fields are to be predicted, which data fields are attributes, and which data fields
constitute an index. In the example shown in Figure 4, the data consumer has used the check
boxes to specify that the station name (Franklin St & W Broadway) is to be used as the index, the
latitude and longitude are to be treated as attributes, and the available docks, total docks, and
available bikes are the data fields to be predicted. Once the data consumer has assigned these
designations, he or she can click the submit button 416 to submit the designations to the DSaaS

system. As can be observed from Figure 4, the process that a data consumer undertakes to

14
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choose a subject data source of interest and to define the data fields to be predicted in that subject
data source can be completed in a short time frame and is easy to understand. This enhances the
likelihood of use of the DSaaS system by potential data consumers who are not necessarily tech
savvy or well versed in computer languages.

[0044] Referring to Figure 5, in addition to the address bar 510, the progress bar 512, and
the table 514, the DSaaS system allows the data consumer to define the desired data predictions
with additional parameters and constraints. For example, the consumer interface 500 includes a
sliding button 518 that allows the data consumer to specify how far into the future the data
consumer would like the data predictions. Multiple buttons 518 can be included to request
predictions at multiple points in the future. The interface 500 includes a button bar 520 that
allows the data consumer to specify how often the page should be updated. The consumer
interface 500 also allows the consumer to indicate with a sliding button 522 the amount of
money it is willing to pay per day for access to the data predictions it has requested. Once the
data consumer is happy with the selections, he or she can click on the submit button 516.

[0045] Figure 6 is an illustration of a consumer interface providing additional
functionality to further define the predictions that are desired. As shown in Figure 6, the
consumer interface provided by the DSaaS system allows the consumer to specify custom timing
options, such as the time of day to start predictions 614, the time of day to stop making
predictions 616, the days of the week to make predictions 618, whether to make data predictions
on US public holidays 620, and custom exclusion days 622. The data consumer can click the
“Next” button 624 after making his or her selections. The data prediction needs defined by the
data consumer using the consumer interface may be used by the DSaaS provider to create a data

science contest. Using the functionality shown in Figures 3-6, the data consumer is able to
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quickly and easily indicate in detail the data fields it would like to see predicted, the exact times
during which predictions are desired, and the amount of expenses it is willing to pay per day.

[0046] As explained above, in an exemplary embodiment of the present invention, a non-
programmer can specify quantities to be predicted by the crowd (participants) in a manner that
does not require programming. This is because web pages or other sources of updating data
(often but not always in tabular format) are implicitly time series. However, not all of the
numbers, strings, categorical or other data reported on said sources of data need be the target for
prediction. Some data, as with the name of a Citibike location, is a static attribute and can be
considered a way of indexing (parametrizing) the precise question to be asked. Other data, such
as the latitude, is considered ancillary information — possibly of interest or use to forecasting but
not essential to the definition of the task for the crowd. In an exemplary embodiment a non-
technical user can be guided through a dialog, as indicated in 414, in order to instruct the system
which quantities are to be predicted, which are to be used to index distinct predictions, and which
are merely ancillary attributes. Furthermore in 518 and 520 a means of interrogating the user for
forecast horizon and times at which predictions should occur is shown and in this example the
data consumer is instructing the DSaaS system that they wish to trigger predictions every time
the page updates and that contestants (participants) should be judged based on the values shown
in the page fifteen minutes henceforth from those trigger times. It will be apparent to one skilled
in the art that other means of soliciting these preferences are possible. Furthermore, in Figure 5,
element 522, an embodiment of a slider is illustrated by which the data consumer determines
how much money to spend on a per diem basis. Furthermore, in Figure 6, examples of additional
customizations a data consumer might achieve are provided, again without programming. For

instance, with 614 and 616 used in conjunction, the data consumer user is able to instruct the
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system that they are only interested in predictions between a supplied start time and end time of
day. Furthermore, in 618, 620 and 622 the data consumer is able to instruct the system of
weekday, holiday and day of month preferences, thus allowing them to run the contest on only
Sundays, for example. It will be apparent to one skilled in the art that other ways of providing
scheduling information are possible, including the provision of a dialog box permitting the user
to enter terse but more powerful scheduling syntax such as the CRON format.

[0047] After the data consumer has defined a data science contest, the DSaaS system can
provide the data consumer with information that assists him or her with obtaining and using the
results of the data science contest when they begin to be available. Figure 7 shows one example
of the type of information that the DSaaS system can provide to the data consumer. As shown in
Figure 7, the DSaaS system includes a consumer interface that has a number of different
methods/interfaces for accessing the results of the data science contest. For example, the data
consumer may access the results via web page 710, REST API 712, commercially available
software 714, charts 716, and apps 718. Web page access may be provided using languages such
as JSON, HTML table, XML, RDF, BigQuery, CKAN, OData and SQL, as shown in Figure 7.
REST API access may be provided using languages such as Bash, Python, Ruby, PHP, Java and
Go. Popular software may include Excel, Tableau, and SAS. Available charts may include D3
and Plotly. iPhone and Android apps may also be provided. The consumer interface may also
include a button 720 allowing the data consumer to submit a request to the DSaaS system for
additional interfaces. By providing a wide selection of interfacing technologies, the DSaaS
system provides many options to a data consumer for automatically interfacing to solutions
provided by the DSaaS system. The data consumer can program its own systems (e.g., 142, 146

in Figure 1) to call or query the DSaaS system 120 at predetermined times using such interfaces.
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[0048] It will be apparent to those skilled in the art that standard examples of accessing
web based data in different programming languages can be automatically generated and further
customized for convenience of use. It should be furthermore apparent to one skilled in the art
that a software application on a phone, tablet or personal computer can use the interfaces
exposed in 710 or 712 and thereby allow a user to ask a question and receive an answer. For
example an app on a mobile phone might ask a user to select a bike station, or suggest a bike
station based on location, and report forecast results arrived at according to exemplary
embodiments of the invention. Thus, one advantage that can be provided by exemplary
embodiments of the invention is that the data consumer can easily specify the content, format,
interface, and/or specific timing requirements of the data predictions that it is requesting. This
ability to specify in detail the requested data reduces the data consumer’s workload in using such
data or incorporating such data into its business operations.

[0049] Turning now to the perspective of the participant (e.g., data scientist, analyst, or
individual), the DSaaS system may publicize the data science contest on a participant interface
so that the community of participants has the ability to begin devising models and producing web
services that are responsive to the data science contest. Figure 8 illustrates an example of a
competition browser that is part of the participant interface. The competition browser lists data
competitions that are available to participants wishing to submit proposed solutions (e.g.,
predicted data derived from software models). The competition browser 800 may be configured
to provide a list of categories and subcategories of data competitions. For example, as shown in
Figure 8, the categories may include Finance, Medicine and Real Estate. Under each category
may be listed at least one level of subcategories. For example, under the Finance category is

listed Volume prediction, Earnings announcements and Entitlements prediction. Similar
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subcategorization is shown in Figure 8 for the Real estate category. Additional levels of
subcategorization may also be implemented. The competition browser 800 may also show the
amount of prize money available for each category and subcategory. This configuration allows
potential participants to easily identify competitions in which they may be interested in
submitting a response based on subject matter and potential income.

[0050] Once a participant selects a data science competition in which to participate, he or
she can then begin to create a web service that automatically interfaces to the DSaaS system to
provide predictions at predetermined times and/or in response to queries from the DSaaS system.
The DSaaS system preferably includes a web services interface that is a component of the
participant interface and that makes the DSaaS system accessible and user-friendly to
participants. Participants can Jaunch web services and begin generating real-time responses
using data science platforms, technologies, and standard model deployment tools such as

Domino Data Lab (www.dominodatalab.com), APISpark (https://restlet.com/products/apispark/),

Amazon Web Services (aws.amazon.com), Eve (python-eve.org), Octopus Deploy
(https://octopus.com/),  Yhat (www.yhat.com), Apiary (https://apiary.io/), Deployd

(http://deployd.com/), Azure (azure.microsoft.com), and Google (cloud.google.com), for

example.

[0051] According to one embodiment, the participant uses RESTful web services to
provide his or her predictions of the data field(s) as requested by the data consumer. The web
service may comprise a REST API service that receives, manipulates, and responds to queries
using a software-based model developed by the participant. The participant finds a
question/answer stream of interest on the DSaaS system’s participant interface and devises an

approach, e.g., builds a software model or function. The participant may write a function or
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model in Python, R, Octave, Julia, or other programming language, for example, that takes a
standardized question and returns an answer.

[0052] The RESTful web services may utilize an http protocol, for example. The web
services can employ a software-based model and can be hosted by the participant and identified
by a uniform resource identifier (URI) or uniform resource locator (URL). The web services can
also be programmed to call other web services (e.g., third party data services provided via a third
party server) in use of the software-based model. The web services provide the prediction of the
at least one data field in real time or near real time to the DSaaS system.

[0053] The participant can back-test the function or model underlying the web services
with one click according to an exemplary embodiment of the invention. For example, the web
services interface that is a component of the participant interface may allow the participant to
identify the web services with a URL and to back-test the function on a known data set by
pressing a “back-test” button. This functionality allows the participant to more easily evaluate
the accuracy of his or her model prior to submission of data predictions to the DSaaS system.
The participant can also launch the web service with one click according to an exemplary
embodiment of the invention. For example, after the participant is satisfied with the model’s
performance, he or she can click a “submit” button on the web services interface to allow the
web services interface to thereafter call the participant’s web services using a predefined
protocol. As will be appreciated by those skilled in the art, the foregoing features of the web
services interface allow a participant with a basic understanding of computer programming to
build, test and submit web services to the web services interface.

[0054] According to preferred embodiments of the invention, the participants are

permitted to use third party data sources in providing their web services. This feature can
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provide significant advantages over known historical data science competitions in which the
training data and test data are carefully defined and limited. According to exemplary
embodiments of the invention, the participant can identify and use external data sources in
innovative ways to improve the performance of his or her predictive model. That is, the
participant can provide web services that provide predictive data that is generated with both (1) a
model or function created by the participant and (2) one or more external data sources identified
by the participant that are used as input to the model. Thus, the DSaaS system obtains the
benefits of external models created by participants as well as innovate identification and use of
external data sources used in the participants’ models. The external data sources fed into the
mode] can also provide the benefit of real time information for more accurate predictions.

[0055] According to another embodiment of the invention, the participants who provide
the web services also manage other aspects of the model and input data. For example, unlike an
historical data competition in which the participant simply provides a completed model,
according to exemplary embodiments of the invention the participant creates the model, hosts the
model, finds and uses external data sources, maintains and improves the model and data sources,
manages related aspects of the process such as data storage, and uses the model and data to
provide web services that provide predicted data in real time or near real time to the DSaaS
system upon request or at predetermined times. The participant, after using and observing the
model over time, may modify the model to improve its accuracy, or may change the input data
sources. For example, the participant may reevaluate the relevance of the model or components
of the model, may change the model computations, or may otherwise maintain the model over

time. The participant may also make certain decisions regarding the type and amount of data to
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store for the model and how and where to store the data, including considerations as to data
compression and state management.

[0056] The participant also has the ability to combine and reuse models according to
exemplary embodiments of the invention. According to one example, the participant may utilize
a software model that has been previously used in a data science competition, e.g., an historical
data science competition in which only a defined, public data set is permitted to be used and no
external information sources are permitted to be used. The participant may also combine
different models to improve predictive performance, such as by calling other models with web
services, as will be discussed further below. According to other embodiments of the invention,
the participant’s web services can be designed to automatically search for relevant third party
algorithms to be used in providing the data predictions to the DSaaS system.

[0057] According to another aspect of the invention, the participants can design the web
services so that they provide forecasts for a plurality of contingent scenarios. Real-time
competitions can be used to assess action-conditional outcomes. According to this embodiment,
the participants predict the results of every action that might be taken, and choose the best action.
The result of that action should be quantifiable. One example is baseball pitch selection.
Assume it is the bottom of the ninth inning. The away team holds a one run lead, but the home
team has a man on second base with one out. The count is full. The last pitch was a successful
high fast ball. What pitch should come next? An answer may be supplied by the crowd (i.e., the
participants), not the catcher. In an action-conditional competition, the participants submit
multiple probability estimates of a game win, one for each possible pitch. The collective
forecasts may aggregated separately for each possible action using aggregation methods

described below. The crowd concludes that throwing a curveball will result in the highest
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probability of winning the game (e.g., multiple participants submit their predictions, and the
DSaaS system calculates and aggregated answer). The pitcher takes the advice. The batter
strikes out. The process is then repeated for the next pitch, which calls for the next real time
question to the web services, and so forth. Accordingly, exemplary embodiments of the
invention can be used to make real-time decisions based on forecasts for a plurality of contingent
scenartos.

[0058] According to another aspect of the invention, the data predictions from a number
of participants can be aggregated to provide an improved prediction. In this embodiment, the
DSaaS system records all predictions made by all participants and performs both an allocation of
points to participants (governing subsequent payments made to them — this is done ex post when
the true quantities are revealed by the passage of time) and an aggregation of forecast opinion
into a single number or collection of numbers. In an exemplary embodiment, both the scores
allocated to participants pertaining to a fixed time interval and the weights used to combine
participants’ forecasts into a single forecast coincide, and are equal to the inverse of the mean
square error of participants’ entries. Other aggregation methods can be used to aggregate data
provided by multiple participants according to an exemplary embodiment of the invention, as
will be discussed further below. In fact, the aggregation method itself can be the subject of a
data science competition.

[0059] In another embodiment, participants supply probabilities for a finite number of
discrete, mutually exclusive and collectively exhaustive outcomes. In this embodiment the
weights assigned to participants’ forecasts are initially equal, but thereafter are adjusted up or
down based on a scoring system modeled after the pari-mutuel system employed at racetracks.

In this embodiment it is initially assumed that participants’ weights are synonymous with wealth
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and that they bet a fraction of their wealth equal to their forecast probability on each of the
outcomes. Then, the total wealth is reassigned back to participants in proportion to their
investment only in the one outcome that was realized. The parimutuel system will be described
in further detail below. It will be apparent to one skilled in the art that there are other ways of
aggregating forecasts and allocating scores, such as methods in which scoring rules can be
designed to solicit probabilistic opinions or point estimates.

[0060] Figure 9 is an example of a leaderboard that can be generated and provided by the
DSaaS system as part of the participant interface. The leaderboard 900 lists the names of the
leading data science contests in a particular data science competition. The leaderboard 900 also
provides related information for each data science contest, such as reputation (a measure of a
participant’s overall performance in all contests, not just the current contest), score (for the
current contest over the current time window — for instance going back one month), uptime (the
percentage of questions they have answered during said time), share (of total compensation paid
out), host (the location where participant’s solution resides), “buy now” (the participant’s
decision whether to sell its IP rights to its solution), or exclude (a check-box the sponsor of the
competition can use to ignore certain participants). The leaderboard can be configured to allow
participants to sort the leaderboard by any of the foregoing variables. In the Figure 9 example,
the contests are ranked by share.

[0061] The DSaaS system can be configured to automatically make payments to
participants, e.g., by direct deposit, PayPal deposit, or other payment process, based on a
predefined criteria, such as the participant’s score, the total amount of compensation authorized

by the requesting data consumer, and the applicable time period. The payment terms, including
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amount, criteria, and timing for payments, are provided to each participant at the beginning of
the data science competition according to a preferred embodiment.

[0062] Figure 10 is a drawing that depicts particular examples of use of the DSaaS
system according to exemplary embodiments of the invention. In Figure 10, the data consumers
may include organizations in need of business intelligence, financial predictions, scientific
predictions, and/or automation, for example. In this example, the data consumer is interested in
obtaining a prediction of the trading volume for a particular bond (e.g., CUSIP 033863ab6) over
the next two weeks. In step 1 shown in Figure 10, the data consumer can submit this real-time
question by identifying the website (subject data source) and data field where this data is posted
using the consumer interface as described above. In step 2, the DSaaS system 120 makes a real-
time request to participants by creating a data science contest and posting it on a competition
browser, such as the one shown in Figure 8. Participants can begin generating real-time
responses using data science platforms and technologies such as Domino

(www.dominodatalab.com), APISpark (https:/restlet.com/products/apispark/), Amazon Web

Services (aws.amazon.com), Eve python-eve.org, Octopus Deploy (https://octopus.com/), Yhat

(www.yhat.com), Apiary (https://apiary.io/), and Deployd (http://deployd.com/), for example, as

depicted in Figure 10. Participants submit responses to the DSaaS system in step 3. The DSaaS
system evaluates and processes the responses and provides a real-time answer to the data
consumer in step 4.

[0063] As indicated in Figure 10, element 190, the DSaaS system can provide other
related functionalities, such as aggregation, performance, leaderboards, forums and payments.
Aggregation refers to the process of combining participants’ forecasts into a single number or

other summary information (such as lowest quartile and highest quartile) as will be discussed
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below. Performance refers to calculation of a performance metric for each proposed solution
submitted by a participant according to predetermined, agreed upon criteria. The performance
metric may be used in calculating each participant’s compensation for a particular data science
contest. Some examples of the calculation of the performance metric (score) are discussed
above. According to another embodiment of the invention, the method involves assigning a
point to any participant finishing in the top decile. It will be apparent to those skilled in the art
that other methods are possible and that this decision might be left to the data consumer.
Leaderboards, such as the example shown in Figure 9, provide data on the leading contests and
may be ranked by different variables. Forums provide a communication platform whereby
participants and data consumers can exchange ideas and data relating to data science
competitions. Payments refers to the process executed by the DSaaS system for calculating and
paying compensation to each qualifying participant based on the amount authorized by the
requesting data consumer and the participant’s performance metric described above.

[0064] Advantages of Real Time Data Prediction Contests. The following paragraphs
discuss a number of advantages that can be provided by real time data prediction contests
according to exemplary embodiments of the invention.

[0065] Real-time data prediction contests can merge the model selection capability of
historical data contests with the strengths of live trading markets. However, there are typically
two main challenges with real time contests. First, while the setup of real-time data prediction
contests represents a much lower barrier to entry compared to existing live markets, it is a
somewhat higher barrier than historical data contests. Participants in a real-time data prediction
contest generally must maintain a real, live web service or by other means answer questions with

little delay. However, participants are able to utilize various commercial and open source
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solutions that facilitate the implementation of a coded algorithm as a REST endpoint.
Furthermore, the requirement that participants do more work (i.e., develop and maintain a model
as well as exogenous data sets) is not, in and of itself, a drawback. An advantage of exemplary
embodiments of the invention is that it allows participants to pass through more economic value
to an end user of prediction than they are able to in a traditional historical data contest.

[0066] Another advantage of real time prediction contests is elimination of data leakage.
In contrast to historical prediction contests, the answers to real-time contests lie in the future.
This aspect of real-time data prediction contests completely eliminates a variety of data leakage
present in historical contests. In particular, some participants in historical contests may use
exogenous data causally connected with (or in some cases identical to) the contest data. Use of
the exogenous data in an historical contest can make the models submitted by the participants
worthless. Exemplary embodiments of the invention involving real time prediction contests do
not have this disadvantage because use of exogenous data is a desirable objective that can
enhance the predictive capability of the participant’s solution. Real-time prediction contests free
participants to use whatever ingenuity they possess in finding anything that can help them make
better predictions, whether that means locating real-time sources of data or creating them from
scratch.

[0067] Another advantage that can be provided by real time data prediction contests is
the re-usability of contests. One contest can be used as a regressor for another, opening up
options for combining and integrating solutions, as will be described further below. In their
plurality, real-time contests can be described as a web of interrelated, bi-temporally indexed
random variables available for use in the present without any modification: a canonical term

structure for any desired prediction, as defined by the desired domain of application, e.g., a set of
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problems for which there is sufficient temporal or cross-sectional data that differentiation
between good models and bad is possible on a reasonable time scale. Additionally, the internet
of things (IoT) can be exploited to capture relevant sensor data in real time.

[0068] Another advantage that can be provided by exemplary embodiments of the
invention is the ability to fragment tasks. Prediction tasks can be fragmented into smaller
domains to improve accuracy and participation. For example, a contest to predict a stock market
index over a long horizon would likely fall into the realm of traditional human oriented
prediction markets and have no clear resolution. On the other hand, a contest to predict sales of
individual items in hundreds of stores would be much more likely to unearth strong modeling
approaches and sources of exogenous data. Hence, exemplary embodiments of the invention can
be utilized to encourage the generation of strong models and data sources by fragmenting the
tasks to a manageable size.

[0069] Other advantageous characteristics that can be provided by real time data
prediction contests are timeliness and relevance. Real-time data prediction contests can provide
an immediately usable product whose creation time depends on the amount of time it takes to
accumulate enough data to differentiate contestants. Once created, the solutions generally do not
lose statistical relevance. Contestants understand that in order to remain near the top of the
leaderboard, and thus continue to receive compensation, they need to maintain their model and
data sets so that they are timely and relevant. By contrast, the common task framework (CTF) in
an historical data contest is primarily a research tool that has a long development time before it
can be used commercially. With a historical data contest, there is a great divide between

research and production, and due to timeliness of supplied regressors and rapidly changing
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business environments, a long running historical data contest may never directly impact the
sponsor’s business.

[0070] Another advantage that exemplary embodiments of the invention can provide is
stability. Out of the intense and continuous competition comes stability, achieved through
redundancy of the contestants and their solutions. If one successful participant ceases to provide
answers, due to some unforeseen error in model or input data for example, it will make only a
small difference to the ultimate consumer of the data because there are many other participants
whose answers already contribute to the consensus. These aspects of a real time data prediction
contest are not part of a typical software development life cycle and model review controls.
[0071] As noted earlier, exemplary embodiments of the invention can facilitating the
process for defining a real time data prediction contest. For example, a potential sponsor of such
a data contest can identify a source of updating data, such as might be available on a table in a
web page or a public JSON page. Identification of the source of updating data may be much less
involved than the process of setting up a traditional historical data contest, which typically
involves both the collection of relevant curated data and contest design, including the avoidance
of data leakage.

[0072] Real time data prediction contests may also provide the advantage of decreased
costs. With increased accessibility of data predictions, more prediction and formalized decision
making will be used. Increased access to crowd based prediction may result in a large amount of
granular, individually tailored applications. As the availability of real-time random variables of
high quality rises, the marginal cost of creating further forecasts on which these depend will drop

significantly. Some low cost contests may be dominated by fully automated entries.
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[0073] Real time data prediction contests also provide the advantage of enabling
conditional prediction contests, including, for example, action-conditional forecasting for
industrial control. Crowd-sourced conditional prediction may play a significant role in areas
where control theory and reinforcement learning are now applied.

[0074] Additional components and features of exemplary embodiments of the invention
will now be described, including design patterns that incorporate concepts from reinforcement
learning, and utilize the creation of computation graphs that interweave and stack the
contributions of different participants en route to an accurate real-time answer.

[0075] According to one embodiment of the invention, sub-contests may be used to
enhance the effectiveness of a real time data prediction contest. Assume participant o in contest
J receives a question at time tﬁ and must reply with their answer by tja = tjq + &;. Arrival times
t are generally stochastic but not so the service response time ;. The participant can establish
a sub-contest k with question and answer times lying safely inside the interval (tf, tjq). For
instance they can receive the question at tjq, post a sub-question at ¢, = tjq + 6;/10, and require

answers by t,‘c’ = tjg — 6;/10 which, upon receipt, can be combined with their own analysis to

yield a response in time for the cutoff tﬁ for the parent contest.

[0076] Participant & can assign prize-money for sub-contest k equal to some fraction of
their own ongoing compensation in the top level contest j. This permits the participant to
fragment the task in different ways according to their objectives and constraints. Participant
entering sub-contest kK may have every reason to accept this arrangement even in the degenerate
case where the sub-contest asks precisely the same question and participant & merely forwards

participant £’s answer verbatim. This is because contestant & might attach some added data such
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as lagged values, exogenous data, cleaned data or data comprising useful features to the question

in the sub-contest, thereby saving  from time consuming work.

[0077] Alternatively, @ may offer some other benefit such as free computation, curated
library distribution, simple REST deployment or a desirable data science environment with back-
testing capabilities. Failing that, participant & might merely provide superior marketing of the
sub-contest than the parent or search engine optimization, or perhaps arrange superior access to
an expert community.

[0078] As used herein, a “feature” generally refers to a submission to a contest that may
be useful as a regressor but may not in and of itself constitute an unbiased estimate of the target.
Features can be provided to participants in a number of ways. According to one embodiment,
participants can buy features a la carte via a market mechanism adjacent to the contest.
According to another embodiment, a meta-contest parametrized by a choice of link function
(such as affine, rectified linear or logistic) can be implemented. The task of meta-contest
participants is choosing how to use the link function to combine the most promising competition
entries, and useful features, into an even more accurate response. A participant in this meta
contest supplies a weight vector w, offset b and any other parameters as required by the link
function. Their decision is based on the historical performance of contestants as they do not see
the present values of entries until after the submission time t7 of the child contest. The
calculation is owned by the parent. This arrangement defends against the piracy concern: the

participant entering the parent contest could easily enter the child contest.

[0079] Aside from improving the forecast in the spirit of ensemble methods, the weight
contest may provide immediate transparency into the relative worth of features and entries

submitted to the child contest - thereby boosting the efficiency of the feature market and, to use
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economic terms, helping to allocate resources to where they are, on the margin, most needed.
Additionally, some entries in the child contest may themselves use sub-contests in which, once
again, a blind weight meta-contest mechanic is employed. In this way combinations of contests
may grow downward and begin to resemble neural networks. The perspective can be reversed.
For example, if the participant begins with a well-trained deep network, establishing a weight
contest could improve the final layer.

[0080] According to another embodiment, a contestant might arrange a subcontest to
predict their own residuals. While superficially this is equivalent to supplying their entry as a
feature, deep residual learning experience suggests that learning to hit zero can be easier than an
arbitrary target. Here again the tree can extend downward. A contestant entering a residual
contest can create their own residual subcontest and provide hints as to why they think their
model can be improved. For example “I think my model is pretty good but my errors are high on
long weekends.” As participants sub-divide prediction or reconstitute it, they are slotting
themselves into a “production line” version of prediction.

[0081] According to another embodiment of the invention, a “derivative” contest may
use an underlying contest or exogenous market as target (i.e. solution). According to this
embodiment, an action-conditional prediction contest is combined with an underlying
unconditional contest, with the latter used to provide the target for the former. The underlying
contest adopts the role played by a value function in reinforcement learning.

[0082] As one example, consider the optimization of baseball pitch choice and the
following setup intended to solve this decision problem:

[0083] 1. A prediction market for winning a baseball game, with continuous trading.
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[0084] 2. A underlying real-time data competition to predict end of innings win
probability. At the end of each play contestants are asked to forecast the risk-neutral price
immediately prior to the start of the next innings — as determined by the prediction market above.
[0085] 3. A “derivative” real-time data competition to predict the post-play win
probability (as defined by the consensus aggregate answer to the underlying contest above)
conditional on pitch selection. Contestants are asked this question and respond before the play.

They supply a vector as in Table 1 below.

Action Response
Four-seam 0.91
Two-seam 0.90
Cutter 0.90
Forkball 0.87
Curveball 0.93
Slider 0.85

Table 1. Sample response to an action-conditional prediction contest. The target is the post-play
consensus game winning probability as defined by a second, underlying contest.

[0086] The conditional contest may require all participants to provide forecasts for every
eventuality, though in the example above there is a shortened pitch classification list for brevity.
Contestants can only be assessed on one of their predictions because only one actual pitch is
thrown. However it may be reasonable to assume that the predictive capability of participants
carries over from one action choice to another.

[0087] Exemplary embodiments of the invention enable separation of concerns, in which
participants with orthogonal expertise combine their skills. For example, one participant might
have a firm grasp of game theory and possess great insight into the mixed strategy for pitch
selection that trades off predictability versus exploitation. The participant may have some
insight into the batter’s psychological state or have an excellent model for game state transition

conditional on successful contact with certain types of pitches. However, lack of an historical
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database might leave this same participant at a great disadvantage in predicting game results
from post-play game states or end of innings scores. This baseline might best be provided by
someone else participating in either the prediction market or the underlying end of play contest.
The derivative contest does not require participants to estimate the probability of a particular
action taken by the pitcher. This is analogous to the separation achieved by Q-learning.

[0088] According to another embodiment, temporal difference (TD) contests can be used.
In this embodiment, the consensus crowd prediction in the underlying contest is denoted by
V(ty), where t; indexes pitches. The prediction contest may be set up as follows:

[0089] 1. A prediction market for winning a baseball game.

[0090] 2. Underlying contest to predict end of innings win probability, as before.
Responses are received after the k’th pitch and denoted V (¢,).

[0091] 3. Derivative (action conditional) contest to conditionally predict a weighted sum
of temporal differences of future values of V(t;), in accordance with Formula 1 below. Rather

than placing all the weight on the consensus after the very next pitch, the target is computed as:

[0092]
1-2Ax
6(t) = —= > W (V(tsn) = V()
=1
)
[0093] where V(t,) is defined as the current state of the underlying competition

(aggregate forecast) after time state ¢, if the game has not finished, or equal to the game result if
t,, extends to the finish of the game.

[0094] As an analogy to temporal difference (TD) learning, the competition parameter A
controls the degree to which we believe we can rely on the first competition as gospel, with

A — O representing full confidence in the underlying market and A — 1 ignoring it completely.
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Contest Effect Target

TDC(1) Underlying contest only Distant future
TDC(0) Underlying and derived Next underlying
TDC(A) Underlying and derived Compromise

Table 2. Labels for action-conditional contests analogous to temporal difference learning
methods, and their targets.

[0095] A compromise value of between zero and one may prove better than either
extreme, and delays in payment implied by Formula 1 above need not be excessive.

[0096] Additional examples will now be described for aggregating the participants’
responses as well as compensating the participants.

[0097] Meta Contests. According to one embodiment, the system employs a meta
contest in which the crowd is used to predict the best predictions of the crowd. That is, the
crowd itself can be used to opine on the efficacy and future efficacy of participants, and also the
manner in which the consensus is derived. A meta-competition may be analogous to a meta-
parameter in a hierarchical model. It may straddle a plurality of contests to avoid circularity and
manipulation. The particularities of the contest and participant can be omitted to encourage a
crowd-search for generally applicable consensus calculations.

[0098] Point estimate contests. According to another embodiment, a point estimate
contest may be utilized. In a point estimate contest, participant i supplies only a single number
x;(t), perhaps contributing to a consensus estimate £(t)for the customer. When the truth

corresponding to contests £ =1, . .. ,T is revealed, the running mean square error is

[0099]

1
MSE(T) = 1 Z e?
T

teRT

35



WO 2018/089744 PCT/US2017/061020

[00100] where, for brevity of notation, e;(t) = x;(t) — y(t). Due to delays in receiving
the truth, this calculation may lag well behind. Here Ry denotes the set of contests for which

results are known at the time just prior to contest T. We can assign a consensus

0101] % = AT
[00102] using un-normalized weights w;(T). For example
[00103] w;(T) = 1/MSE;(Fy) where

MSEFr) = ) (6(®) ~ y(©)?

teFr

[00104] is the running mean square error for participant i's responses in contests who truth
has been revealed thus far.
[00105] In time series contests, it may frequently be the case that errors eff) are serially

correlated. One simple example is to down-weight contribution from participants with the
highest serial correlation. There are other alternatives. For example, a simple, robust
aggregation uses the median forecast from a high percentile sub-group of participants.
Participants are compensated if they qualify for this calculation.

[00106] Likelihood Contests. According to another embodiment, a likelihood contest is
utilized. In some contests participants respond with probability vectors for discrete outcomes. A
means of scoring participants’ entries is the posterior log-likelihood.

[00107] Implied Trading.  According to another embodiment, a market inspired
mathematical fiction may be used to determine compensation and aggregation. According to this
embodiment, the real time data prediction system will:

[00108] 1. Interpret participants’ forecasts as wagers by augmenting them with an

algorithmic optimal policy.
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[00109] 2. Use these fictitious wagers to clear the market, arrive at a risk neutral forecast,
and also compensate participants.

[00110] 3. Allow actual compensation to lag well behind (in time, and also in money by
ensuring a draw-down to zero is highly unlikely).

[00111] Unlike prediction markets (e.g., actual financial markets), participants do not
actually choose their wagers in this arrangement. They cannot ever lose actual money. And in
no way can they be considered to be gambling. Market mechanisms are simply used in this
embodiment to help elucidate the mathematics of their scoring, which might otherwise seem
arbitrary. A concrete example is provided as follows.

[00112] Parimutuel Aggregation. The parimutuel system operates at most racetracks
worldwide. Together with some laboratory economic assumptions, it motivates a scheme for
both weighting forecasts and compensating participants. The parimutuel system simply allocates
all wagered money to those who selected the winning horse (in proportion to amount bet, of
course, and after a fee has reduced the pool). According to this embodiment, the participants are
not wagering, merely doing data science, but as a convenient mathematical fiction their forecasts
can be considered to be converted into bets in a systematic, disciplined manner.

[00113] Suppose [ participants provide J probabilities. The parimutuel system provides
incentive for log-optimal gamblers to bet directly in proportion to their subjective probabilities of
each horse winning. For consistency, the notation Pij is used to denote the probability the i'th
participant assigns to horse j and q the risk-neutral price that is identified with the aggregate
forecast. The algorithm is shown in Figure 11 and, as can be seen, involves matrix operations.
[00114] Real-time data contests can be viewed as an attempt to maintain the immediacy

and incentives of a market mechanism without commingling prediction modeling with human
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decision making. Real-time contest design still generally needs a means of deriving a
representative answer from the crowd responses and also a means of compensating participants
who play a material role in its construction. These objectives can be met by building robotic
investment decisions directly into the scoring mechanism. The setup then resembles a “robo-
market” where participants have relinquished explicit investment decisions to an investment
robot, though not the task of creating the estimates on which the automated investment decisions
depend.

[00115] To further illustrate we make the mathematical observation is made, without
proof, that a log-wealth maximizing investor constrained to wager all of their income on every
event will invest on each outcome in proportion to their subjective beliefs. Since risk-neutral
prices in a parimutuel market are proportional to aggregate investment, we can make the further
observation that in a parimutuel robo-market the market probabilities are merely wealth-
weighted combinations of the subjective beliefs of participants. Thus, finally, we make the
observation that the market effects a linear model on the subjective beliefs of the participants.
The coefficients of this linear model are synonymous with wealth and updates to the model are
precisely the wealth changes one would observe, say, at a racetrack. This leads us to the method
shown in Algorithm 1 in Figure 11 which is an example, though by no means the only possible
method, of determining both the compensation to participants and at the same time an crowd
aggregate forecase g - the latter being the market clearing Arrow-Debreu price.

[00116] As described above, exemplary embodiments of the invention can utilize a REST-
based protocol for competitive yet collaborative forecasting, and various design patterns can be
used to further facilitate a division of labor in data gathering, feature generation, model selection,

meta-modeling and ongoing performance analysis. Exemplary embodiment can provide an
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online, redundant, constantly updating and collectively computed computation graph culminating
in the production of a consensus forecast for a large number of variables of interest.

[00117] Although the foregoing examples show the various embodiments of the invention
in one physical configuration; it is to be appreciated that the various components may be located
at distant portions of a distributed network, such as a local area network, a wide area network, a
telecommunications network, an intranet and/or the Internet. Thus, it should be appreciated that
the components of the various embodiments may be combined into one or more devices,
collocated on a particular node of a distributed network, or distributed at various locations in a
network, for example. As will be appreciated by those skilled in the art, the components of the
various embodiments may be arranged at any location or locations within a distributed network
without affecting the operation of the respective system.

[00118] Data and information maintained by the servers and personal computers shown by
Figure 1 may be stored and cataloged in one or more databases, which may comprise or interface
with a searchable database and/or a cloud database. The databases may comprise, include or
interface to a relational database. Other databases, such as a query format database, a Standard
Query Language (SQL) format database, a storage area network (SAN), or another similar data
storage device, query format, platform or resource may be used. The databases may comprise a
single database or a collection of databases. In some embodiments, the databases may comprise
a file management system, program or application for storing and maintaining data and
information used or generated by the various features and functions of the systems and methods
described herein.

[00119] Communications network, e.g., 110 in Figure 1, may be comprised of, or may

interface to any one or more of, for example, the Internet, an intranet, a Local Area Network
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(LAN), a Wide Area Network (WAN), a Metropolitan Area Network (MAN), a storage area
network (SAN), a frame relay connection, an Advanced Intelligent Network (AIN) connection, a
synchronous optical network (SONET) connection, a digital T1, T3, E1 or E3 line, a Digital Data
Service (DDS) connection, a Digital Subscriber Line (DSL) connection, an Ethernet connection,
an Integrated Services Digital Network (ISDN) line, a dial-up port such as a V.90, a V.34 or a
V.34bis analog modem connection, a cable modem, an Asynchronous Transfer Mode (ATM)
connection, a Fiber Distributed Data Interface (FDDI) connection, a Copper Distributed Data
Interface (CDDI) connection, or an optical/DWDM network.

[00120] Communications network 110 in Figure 1 may also comprise, include or interface
to any one or more of a Wireless Application Protocol (WAP) link, a Wi-Fi link, a microwave
link, a General Packet Radio Service (GPRS) link, a Global System for Mobile Communication
(GSM) link, a Code Division Multiple Access (CDMA) link or a Time Division Multiple Access
(TDMA) link such as a cellular phone channel, a Global Positioning System (GPS) link, a
cellular digital packet data (CDPD) link, a Research in Motion, Limited (RIM) duplex paging
type device, a Bluetooth radio link, or an IEEE 802.11-based radio frequency link.
Communications network 110 may further comprise, include or interface to any one or more of
an RS-232 serial connection, an IEEE-1394 (Firewire) connection, a Fibre Channel connection,
an infrared (IrDA) port, a Small Computer Systems Interface (SCSI) connection, a Universal
Serial Bus (USB) connection or another wired or wireless, digital or analog interface or
connection.

[00121] In some embodiments, the communication network 110 may comprise a satellite
communications network, such as a direct broadcast communication system (DBS) having the

requisite number of dishes, satellites and transmitter/receiver boxes, for example. The
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communications network may also comprise a telephone communications network, such as the
Public Switched Telephone Network (PSTN). In another embodiment, communication network
110 may comprise a Personal Branch Exchange (PBX), which may further connect to the PSTN.

[00122] Although examples of servers 120, 142, 146, 162, 166 and personal computing
devices 122, 124, 140, 144, 160, 164 are shown in Figure 1, exemplary embodiments of the
invention may utilize other types of communication devices whereby a user may interact with a
network that transmits and delivers data and information used by the various systems and
methods described herein. The personal computing devices 122, 124, 140, 144, 160, 164 may
include desktop computers, laptop computers, tablet computers, smart phones, and other mobile
computing devices, for example. The servers and personal computing devices may include a
microprocessor, a microcontroller or other device operating under programmed control. These
devices may further include an electronic memory such as a random access memory (RAM),
electronically programmable read only memory (EPROM), other computer chip-based memory,
a hard drive, or other magnetic, electrical, optical or other media, and other associated
components connected over an electronic bus, as will be appreciated by persons skilled in the art.
The mobile device and personal computing device may be equipped with an integral or
connectable liquid crystal display (LCD), electroluminescent display, a light emitting diode
(LED), organic light emitting diode (OLED) or another display screen, panel or device for
viewing and manipulating files, data and other resources, for instance using a graphical user
interface (GUI) or a command line interface (CLI). The mobile device and personal computing
device may also include a network-enabled appliance or another TCP/IP client or other device.

The personal computing devices 122, 124, 140, 144, 160, 164 may include various connections
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such as a cell phone connection, WiFi connection, Bluetooth connection, satellite network
connection, and/or near field communication (NFC) connection, for example.

[00123] As described above, Figure 1 includes a number of servers and personal
computing devices, each of which may include at least one programmed processor and at least
one memory or storage device. The memory may store a set of instructions. The instructions
may be either permanently or temporarily stored in the memory or memories of the processor.
The set of instructions may include various instructions that perform a particular task or tasks,
such as those tasks described above. Such a set of instructions for performing a particular task
may be characterized as a program, software program, software application, app, or software.
The modules described above may comprise software, firmware, hardware, or a combination of
the foregoing.

[00124] It is appreciated that in order to practice the methods of the embodiments as
described above, it is not necessary that the processors and/or the memories be physically located
in the same geographical place. That is, each of the processors and the memories used in
exemplary embodiments of the invention may be located in geographically distinct locations and
connected so as to communicate in any suitable manner. Additionally, it is appreciated that each
of the processor and/or the memory may be composed of different physical pieces of equipment.
Accordingly, it is not necessary that the processor be one single piece of equipment in one
location and that the memory be another single piece of equipment in another location. That is,
it is contemplated that the processor may be two or more pieces of equipment in two or more
different physical locations. The two distinct pieces of equipment may be connected in any
suitable manner. Additionally, the memory may include two or more portions of memory in two

or more physical locations.
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[00125] As described above, a set of instructions is used in the processing of various
embodiments of the invention. The servers and personal computing devices in Figure 1 may
include software or computer programs stored in the memory (e.g., non-transitory computer
readable medium containing program code instructions executed by the processor) for executing
the methods described herein. The set of instructions may be in the form of a program or
software or app. The software may be in the form of system software or application software,
for example. The software might also be in the form of a collection of separate programs, a
program module within a larger program, or a portion of a program module, for example. The
software used might also include modular programming in the form of object oriented
programming. The software tells the processor what to do with the data being processed.

[00126] Further, it is appreciated that the instructions or set of instructions used in the
implementation and operation of the invention may be in a suitable form such that the processor
may read the instructions. For example, the instructions that form a program may be in the form
of a suitable programming language, which is converted to machine language or object code to
allow the processor or processors to read the instructions. That is, written lines of programming
code or source code, in a particular programming language, are converted to machine language
using a compiler, assembler or interpreter. The machine language is binary coded machine
instructions that are specific to a particular type of processor, i.e., to a particular type of
computer, for example. Any suitable programming language may be used in accordance with the
various embodiments of the invention. For example, the programming language used may
include assembly language, Ada, APL, Basic, C, C++, COBOL, dBase, Forth, Fortran, Java,
Modula-2, Pascal, Prolog, REXX, Visual Basic, and/or JavaScript. Further, it is not necessary

that a single type of instructions or single programming language be utilized in conjunction with
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the operation of the system and method of the invention. Rather, any number of different
programming languages may be utilized as is necessary or desirable.

[00127] Also, the instructions and/or data used in the practice of various embodiments of
the invention may utilize any compression or encryption technique or algorithm, as may be
desired. An encryption module might be used to encrypt data. Further, files or other data may
be decrypted using a suitable decryption module, for example.

[00128] The software, hardware and services described herein may be provided utilizing
one or more cloud service models, such as Software-as-a-Service (SaaS), Platform-as-a-Service
(PaaS), and Infrastructure-as-a-Service (IaaS), and/or using one or more deployment models
such as public cloud, private cloud, hybrid cloud, and/or community cloud models.

[00129] In the system and method of exemplary embodiments of the invention, a variety
of “user interfaces” may be utilized to allow a user to interface with the personal computing
devices 122, 124, 140, 144, 160, 164. As used herein, a user interface may include any
hardware, software, or combination of hardware and software used by the processor that allows a
user to interact with the processor of the communication device. A user interface may be in the
form of a dialogue screen provided by an app, for example. A user interface may also include
any of touch screen, keyboard, voice reader, voice recognizer, dialogue screen, menu box, list,
checkbox, toggle switch, a pushbutton, a virtual environment (e.g., Virtual Machine
(VM)/cloud), or any other device that allows a user to receive information regarding the
operation of the processor as it processes a set of instructions and/or provide the processor with
information. Accordingly, the user interface may be any system that provides communication

between a user and a processor. The information provided by the user to the processor through
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the user interface may be in the form of a command, a selection of data, or some other input, for
example.

[00130] Although the embodiments of the present invention have been described herein in
the context of a particular implementation in a particular environment for a particular purpose,
those skilled in the art will recognize that its usefulness is not limited thereto and that the
embodiments of the present invention can be beneficially implemented in other related

environments for similar purposes.
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What is claimed is:
1. A computer-implemented system for providing data science as a service (DSaaS)
using a data prediction contest, the system comprising:
a memory; and
a computer processor that is programmed to:
present a consumer interface via a network, wherein the consumer interface
allows a data consumer to (a) identify a subject data source having data fields that can be
predicted, (b) specify at least one data field to be predicted, and (c) specify timing constraints
and cost constraints on the prediction of the data fields;
present a participant interface via the network, wherein the participant interface
(y) allows a participant to select a competition in which to participate and (z) provides a web
services interface that enables the participant to provide web services via the web services
interface, wherein the web services can be called by the web services interface, the web services
provide a prediction of the at least one data field, and the web services are permitted to utilize
external data sources in generating the prediction;
and wherein the consumer interface is designed to transmit the prediction to the

data consumer via the network.

2. The system of claim 1, wherein the subject data source comprises a website.

3. The system of claim 1, wherein the web services provide predictions for a plurality of

contingent scenarios.
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4. The system of claim 1, wherein the web services utilize a software model that has
been previously used in an historical data science competition in which (a) only a defined, public

data set is permitted to be used and (b) no external data sources are permitted to be used.

5. The system of claim 1, wherein the system is configured to provide the prediction

according to a format, content, and timing specified by the data consumer.

6. The system of claim 1, wherein the web services comprise RESTful web services.

7. The system of claim 6, wherein the RESTful web services utilize an http protocol.

8. The system of claim 1, wherein the web services hosted by the participant employ a

software-based model.

9. The system of claim 8, wherein the participants are permitted to maintain and improve

the software-based model used to generate the prediction.

10. The system of claim 8, wherein the web services are programmed to call other web

services in use of the software-based model.

11. The system of claim 1, wherein the web services comprises a REST API service that

receives and responds to queries using a software-based model developed by the participant.
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12. The system of claim 1, wherein the web services provide the prediction of the at least
one data field in real time or near real time, and the system provides the prediction to the data

consumer in real time or near real time.

13. The system of claim 1, wherein the system is designed to receive predictions from
multiple participants and to generate a score for each of the predictions based on the quality of

the prediction.

14. The system of claim 13, wherein the system is designed to compensate the

participants based on the score.

15. The system of claim 1, wherein the system is designed to:

receive predictions from multiple participants;

aggregate some or all of the predictions from the multiple participants to generate an
aggregated prediction; and

transmit the aggregated prediction to the data consumer in real time or near real time.
16. The system of claim 15, wherein the aggregated prediction is generated using
precision weighted averaging that treats a historical consensus as ground truth and weights the

predictions by the inverse variance of the predictions to date.

17. The system of claim 1, wherein the web services interface allows the participants to

provide predictions via interfaces to a plurality of model deployment tools.
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18. The system of claim 1, wherein the consumer interface allows the data consumer to
receive the predictions via a plurality of interfaces, including web page interfaces, a REST API,

commercial software application, or mobile phone application.

19.  The system of claim 1, wherein the data fields to be predicted comprise sales and

the participants are required to predict sales conditional on a hypothetical choice of price.

20. A computer-implemented method for providing data science as a service (DSaaS)
using a DSaaS system that implements a data prediction contest, the method comprising:

presenting a consumer interface via a network, wherein the consumer interface allows a
data consumer to (a) identify a subject data source having data fields that can be predicted, (b)
specify at least one data field to be predicted, and (c) specify timing constraints and cost
constraints on the prediction of the data fields;

presenting a participant interface via the network, wherein the participant interface (y)
allows a participant to select a competition in which to participate and (z) provides a web
services interface that enables the participant to provide web services via the web services
interface, wherein the web services can be called by the web services interface, the web services
provide a prediction of the at least one data field, and the web services are permitted to utilize
external data sources in generating the prediction; and

transmitting, by the consumer interface, the prediction to the data consumer via the

network.

49



L 8inbBi14
_3’ o . b O 0
@S\/-/ \
W \
v/




PCT/US2017/061020

WO 2018/089744

2/11

Z 2inbi4

A

suonedwoo asmoig

/

8¢e¢ >

o} "\

cee
suonnadwod yoleag

“MOH I MOHS

fsuow Buiuies ue)s

aInn

pue joq uonoipaid e ajeain

Joyrppald  «——

222 MOH 3N MOHS

S3JNUIW BAI} Ul paLE]S 195

N

slequinu Bupepdn Joipald pmold oy} aAey pue abed gam e asooyD

oz—" ~  alnn

4 ®y} auljed



PCT/US2017/061020

WO 2018/089744

3/11

¢ ainbi4

8 % 15 LT M.:.[SS9IPPY¥3sS.’'0:.S9yIgeTqeItear, ’'¢: Aa)dsniels, ’ ,80TAISS

BuoT, ‘€09LLTVPL 0%: ,OPNITIBT, '6€: ,SYOOQTRICI, '6E+ ,SAPOUSTALTIRAR, * ,OAY 8 ¥ 23S LT M.: ,SWENUOTI®IS, '9TT: ,PTu}
TUNWWOD ST '9STeT: ,UOTIBISISO, ’ wu ! »OPNIATATE . wu '’ 4UOTIBOOT, ' 44t w2P0ODTRISOA, * ,,° wAATID, v u' »TSSOIPPYIS,  ,Td
sussIH 1I0d ¥ OAY PTIURTIV,: ,ISSOIPPYIS, 'I¢:.SoxTESTqeITRAR, ‘T A3)Snields, ' ,80TA%9S
9°0%:,2PNIATIART, 29 ,SYD0QTeI0, ‘6C: ,SHDPOUSTRITrRAR, ' ,d SUSSIH 3I04 I SAY PTIURTIY,: ,SWENUOTIe3s,  €8:.,PT.}
TUNWWODISET, ‘9STeI: ,UOTARASAS9, ' 4, ,OPNATATC,  »u ' 4UOTIEDOT, ' 4.t 4OPODTEISOd, ‘¢ LAITOD, ' wau' 4CTSSRIPPYIS, ' .38
Txesd 3 1d Sswer 1S5,:,ISSSIPPYIS,’'§:.SayTgeTqeTTeae, 'T: ,A9)1snjels, ' ,90TAISS

9TPLITIL O%: ,OPNITIRT, 'LT: ,SYDOQTRIOF, ‘1T ,SHDOgSTdeITRAR, ,3S TABSd ¥ Td SWeL 35,: ,SWeNUOTIBIS,  Z8: ,PTw}
D3setr, 'ssTeI: ,UOTIBISISOY, ' 44 ,9PNATATR, 44wt LUOTIBDOT, ', .1 L9P0ODTEISOd,, ', ., ¢ ,A3TD, ' ZSS2Ippyas, ' ,Aemproxg
M ® 35 urTIquead,:,ISSOIPPV3s,  '6:.S9IdoTqeITesR, ‘T: ,A9)dsSnjels, ’ ,90TAISS

STT6TL 0%:,9PnATIeT, '€€: ,SYD0dTRIOY, ' €T} ,SxPOgaTqeTeaR, ' ,Aempeoag M ® 3§ UTTHUBLI,: ,SWENUOTIRIS, ‘6L: ,PTIu}
e1, '9sTeI: ,U0TIRISASDI, ', ,* ,2PNATATR,  4u'i 4UOTICOOT .,  uut »OPODTRIASOA,, ', ,: ,AATO, ' 4 u' 4TSSOIPPYIAS, ' ,OAY TT ® 38
ur,:.9nTeAsniels, ‘88876€66 €L~ ,OPNILBUOT, '9TZLZLIL 0F: ,OPNITIRT. '6€+ ,SHD0QTRIOI, ' ¥} ,SHDORTgRITRAR, ‘ ,9AY
TT ¥ 35 TS M. ,oweNuoTieis,/gL:,PT.}]:,ISTIURSGUOTIRIS, ', WY €0:0T:80 IZ-L0-9T0T.: »SWTIUOTINDIX3, }

/ | wowanaww (1) ) « >

1423
(435

ssalboid

oLe I/ paourayiamodny ) | 74N

0o¢



PCT/US2017/061020

WO 2018/089744

4/11

& @inbi4

/ ssalboid
ObY i~ wuans
[] D []| esrsero0 0z soyIge|qe|iene
H i _H_ /162€0/6°¢€.- apnybuoj
A [] ] OLPLLLLLO spnye
1444 S D H _H_ | Gz $300(]|€10}
[] A [] W S SY00Qa|gE|IeAe
[] [] 2| enono Kempeoig M 938 uipueld aweNuonels
aNqURY | éIpald | éxepy °dhl | & s|dwex3 (7 aNqURY

oov\

L

[

idour sy |

T1dNn

ovv{\




PCT/US2017/061020

WO 2018/089744

5/11

G ainbi4

\NS

_ _ ! ssalboid _
(oYX */ yuqgng
/\ ¢ ¢ 3 ¢
000'02$ 000'0L$ 000'C¢ 000°L$S 005 002$ oorm\J (T4 g$ IS P01
-/
Jpuads Alleqg
0ze suondo alop 1y | Meng sojnuIw G| Alang sajnuiw g AisAg | sjepdn abey

isuonoipald x| NoA pinom usyo Moy

JeaA| yjow | yeam| Aep|L  SIyy Iy  SSINUIWIG], SSJNUIWIG  BINUIW |

O
Jsuonoipald ayl| pinom noA pesye Jej MoH
_H_ H _H_ £8/9¢/90 0z sayIgajqe|iene
H M D 11G2€0.6°¢€.- apnybuo)
|\W H _H_ _H_ olLv/LLLL O apnye|
Pis [] AN O Wi sz s¥00e10}
_H_ H D | S syo09|geliene
[] A [N zavono Aempeoig M g 1S uipjueld swieNuone)s
aiNquiy | édipald | ¢xapul sdfL | S s|dwex3 |7 anqupy

olc > pour ey | N

ecs

8lG



PCT/US2017/061020

WO 2018/089744

6/11

9 ainbi4

cl9
\l

— _ / ssaiboid
VAVEN
vN@.K LlE 0¢€ 188 [9oued
6C 82 ¢ 92 GC V¥C ¢¢
¢c lc 0¢ 6L 8L LI 91 i o <o
mm @ mm Nm r.w om m Wd LE 6
Z29 R WY 0¢ 8
~—Ts 4L MIL1WS < X 4 \\./
{ vi0z ey ) w195 919
shep uoisnjoxe woisnd ésuonaipaud Bupjew dois 0} Aep Jo swil]
sfepijoy alqnd "g'N
omo/\Ou
Aepinye
@ PImes 198 [@ouesn
Q  fepud =~ = =
() fepsinyy Nd LE 6
WY 0¢ 8
() AKepssupap 57 i \|/
\V @ Aepsen] ~ ~ ~ 719
swi 18s
( MV Aepuopy
819

Aepung

¢suonoipaid pejs o} Aep Jo awil|

suoido Buiwiy woysny



PCT/US2017/061020

711

WO 2018/089744

J @inbi4

8lL.
alow 1senbay PIOIPUY auoyd sddy @
k >
olL
Ocz Anoid €a A @
SvS nesjqe] [99x3

asemyos Jejndoy @ 1472

{Lde,] : seinqupe}, p -

VAT 1dYHNOA Ae-dy-ouwog-X, H -

\ ,uosfuoneodde :adA | -Jusjuon,H - 42
\Juilodpua~uonoipaid ey zmye ol w0 elepiecs dde//sdny
\LSOd X- A- Uno

D e N ] aviss O

1] uolieslunWwo))se|, ‘as|ej: UoneIsissl, .. .opnuie, ' ..
apojessod,’,. . Ao, .. .ZSSLIPPYIS, DAY 05
11215 26 M.:.LSS3IPPYIS, 0 RS
. SoxIga(gelea., | . Aaysniels, 808 Uj, NYXD
- NEASTIE}S, '88876666°S - 2PNIBUOL, 9} 2/2/9, 0y | 1on0 P18 j
- 2PNIE, 68 3ad
:,SY00(IIEI0), ‘B, SHOOCRIqB AR, | BAY || B WX oLs
1S 75 M. SWENUOREIS, 7.5, P11 JSrueeguonels, ' d  L— D VU
87:1E°60 02-20-9407.:,2WI LUOIOBX3,} NOST Sbed aam @
uos{"suoyoIpaId/lIv)HZMyE.I0Y WO BIEPIEOL MMM/ dRY

suonaipald sy} ss992e UBD NOA sAem aWwos ale sIoH

pieogiapes| sy} maip  suonalpaid sjgissod }saqg ayy noA apiaoid o) buuedsid Apesije eie swiyob|y jsuonenielbuo)



PCT/US2017/061020

WO 2018/089744

8/11

g aInbi4

00€'z$ sunejeq [
00L'z$ seles g
000°‘c$ uonaipaid Aiojuanuj m
000°9¢$ saxe} Auadoid ﬂ
000'1$ painjea [
9)e}se |eay [
000°ZiE$ SuLIPSN [
000°9$ uonolpaid sjuswaius m
000°'8$ sjuswounouue sbulule] m

000°0}$ uoBolpaid suwinoA [

000°'95¥$ @oueuly [—]

“1asmolq uonnedwon
008 \_



PCT/US2017/061020

WO 2018/089744

9/11

6 2inbi4

_H_ 9al4 | wlojje|d eleq dr oL ¥'66 8L0 S | Yewyousg
_H_ ON sdorog 0l v'66 ¢LL0 9 pjenuoH
_H_ ON sdorog 0l 9'86 ¢LL0 8 mpxoelg
_H_ ON oulwog ol ¥'66 L2110 8 Jois|sax3
_H_ ON iIes 0l 66 1110 oL [HOUIN
_H_ ON JIes oL ool 9210 ol oispipald
_H_ ON SMV 0L 001 .10 9 umoig JW
_H_ SOA | wuofe|d eled dr vl 00l ¢LL0 L Aue)
D 0002$ | wuoneld ejed dr 14 00l ¢L1L0 L sieejaog wil
_H_ 00G$ | wuopeld eleq dr 1A% 08 9L'0 L | 94018A poddng
_H_ 00G$ | wuoyeld eled dr 99 00l SL0 S Jajsew jsaio4
H ON SMVY '8 68 SL'0 0 laubaq wiy
_H_ 0000L$ | wliopeld eleq dr S0l 0ol vL0 L oe|g BsxayY
_.|||_ ON oulwoq v'ee 5’66 €Lo 6 chleinaN
&9pn[ox3 MON Ang @ 1SOH @ aleys ADV awndn @ 21003 @:o:ﬂ:amm Awd sweN
pJeoqiapes)| Juaind awnjoA-dl
006




PCT/US2017/061020

WO 2018/089744

10/11

O

uonoipasd o13UBIIS.

23
oCE* &

uonosipaad jeroueuid.

aouabijjeul
ssauisnge

SHINNSNOD-

0l @inbi4

W/ 0 -/+ WE'Z :JIoMSuUY.

SINIWAVY -
SWNYOA «
sayvogyaavaT .
FONVNHO4NId -

| NolLvoadooy .

// 061

£ SY9om om] Jxau ay}
J9A0 9(eg9g8ySQ 10} dWIN[OA
Buipes) ays aq {j1m Jeym.

©

Aeide &
eyl
foidagg sndopo *
ono &

UOZEWIE sy
T

y}iedsid\v

1=,

onoa ¥y

=t

UM yIing.
'Sa2IAIBS

:O_uo:uw._n_ paseq
Idv 1S3y Bunadwo).

S1INVdIOILYVd




PCT/US2017/061020

WO 2018/089744

11/11

L} @inbi4

Juop [pun

{iohkeq} zyomo  m(n—1) - m

AH—SmO.u JUAAD HOQnOEOM AO e J [ «Ov S
{uotsiaip asim-uiod} O/d — ¥
_”@ € o ne nwu_ — @

{oourd Sunies|d 1R} 4, M — b
1 A 1="d"3 veys yons Mg
1eadaua

0 918l JuiuIea]

/1) — mogiesm

uone3ai38e [onnwiued | WYILIOZ[Y




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2017/061020

A.  CLASSIFICATION OF SUBJECT MATTER

CPC -

IPC(8) - GO6F 17/00; GOGF 17/18; GO6F 17/20; GO6F 17/22; GO6F 17/30; GO6F 19/00 (2017.01)
GO6F 17/30554; G06Q 10/06; GO6Q 50/06; GO1C 21/32; HO4L 63/1433 (2018.08)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

USPC - 706/52; 702/60 (keyword delimited)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Calegory* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2015/139119 A1 (VEROSOURCE SOLUTIONS INC.) 24 September 2015 (24.09.2015) 1-5, 8-10, 12-20
- entire document -
Y 6,7, 11
Y US 2016/0232160 A1 (VOBIS, INC.) 11 August 2016 (11.08.2016) entire document 6,7, 11
P.A US 9,710,767 B1 (EMC IP HOLDING COMPANY LLC) 18 July 2017 (18.07.2017) entire 1-20

document

P.A US 2017/0315791 A1 (INTUIT INC.) 02 November 2017 (02.11.2017) entire document 1-20
A US 2010/0106674 A1 (MCLEAN et al) 29 April 2010 (29.04.2010) entire document 1-20
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