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Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Supplemental Attorney Docket Number | 3128.2.5
Application Data Sheet 37 CFR 1.76

Application Number 13/904, 963

Title of Invention USER INTERFACE FOR MACHINE LEARNING

[] An Address is being provided for the correspondence Information of this application.

Customer Number 36491

Email Address docket@kunzlerlaw.com

Application Information:

Title of the Invention USER INTERFACE FOR MACHINE LEARNING

Attorney Docket Number| 3128.2.5 Small Entity Status Claimed [X
Application Type Nonprovisional

Subject Matter

Total Number of Drawing Sheets (if any) 14 Suggested Figure for Publication (if any)

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

] 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (® Customer Number (O US Patent Practitioner | (O Limited Recognition (37 CFR 11.9)
Customer Number 36491

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

Prior Application Status

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.
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Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number Countryi Filing Date (YYYY-MM-DD)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
[ ] contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
16, 2013.

Authorization to Permit Access:

X Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date o f filing this Authorization.
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Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assighment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the hame and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assighee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

O Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here. X

Organization Name CloewdMu—ne: PurePredictive, Inc.

Mailing Address Information For Applicant:

Address 1 9100 South 500 West

Address 2

City Sandy State/Province uT
Country | Us Postal Code 84070
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.
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Assignee 1

Complete this section only if hon-applicant assignee information is desired to be included on the patent application publication in
accordance with 37 CFR 1.215(b). Do not include in this section an applicant under 37 CFR 1.46 (assignee, person to whom the
inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest), as the patent application publication will
include the name of the applicant(s).

If the Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Countryi Postal Code
Phone Number Fax Number

Email Address

Additional Assignee Data may be generated within this form by selecting the Add button.

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications.

Signature |/Scott C. Hilton/ Date (YYYY-MM-DD)| 2013-05-29

First Name | Scott Last Name | Hilton Registration Number | 66011

Additional Signature may be generated within this form by selecting the Add button.

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552)
and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or

administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Co o p eration Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as aroutine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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That each item of informaticn contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).
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That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
[] The fee setforthin 37 CFR 1.17 (p) has been submitted herewith.

[] A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Scott C. Hilton/ Date (YYYY-MM-DD) 2013-09-19

Name/Print Scott C. Hilton Registration Number 66011

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collecticn is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17




Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The infarmation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552} and the Privacy Act (5 U.S5.C. 552a). Records from this system of records may be disclesed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
hegotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of informatioh shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atemic Energy Act (42 U.S.C. 218(¢c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce)} directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
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Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




CERTIFICATE OF TRANSMISSION

I hereby certify that this correspondence is being transmitted by either submission using the EFS WEB submission system, fax to
the U.S. Patent and Trademark office to fax number 571-273-8300, or is being deposited with the United States Postal Service as
first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 to on
September 19, 2013.

{Scott C. Hilton
Attorney for Applicant

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Kelly D. Phillipps
Group Art Unit: 2129
Serial No.: 13/904,963
Examiner: Not Known
Filed: 2013-05-29

Title: USER INTERFACE FOR MACHING
LEARNING

Attorney Docket No.: 3128.2.5

Commissioner for Patents
Washington, DC. 20231

INFORMATION DISCLOSURE STATEMENT

Dear Sir:
This Information Disclosure Statement is submitted:

_ X under 37 CFR 1.97(b), or
(Within three months of filing national application; or date of entry of international
application; or before mailing date of first office action on the merits; or before the
mailing of a first office action after the filing of a request for continued
examination; whichever occurs last)

under 37 CFR 1 .97(c) together with either a:
_ Statement under 37 CFR 1.97(e), or
_a$180.00 fee under 37 CFR 1.17(p), or
(After the CFR 1.97(b) time period, but before final action or
notice of allowance, whichever occurs first)

_ under 37 CFR 1.97(d) together with a:
_ Statement under 37 CFR 1.97(e), and
_a$180.00 fee set forth in 37 CFR 1 .17 (p).
(Filed after final action or notice of allowance, whichever occurs first, but
before payment of the issue fee)




under 37 CFR 1.97(e),

_each item of information contained herein was first cited in a communication
from a foreign patent office in a counterpart foreign application not more than
three months prior to the filing of the information disclosure statement.

no item of information contained herein was cited in a communication from a
foreign patent office in a counterpart foreign application nor was known to any
individual designated in ' 1.56(c) more than three months prior to the filing of
the information disclosure statement.

_ X _ Applicant(s) submit herewith PTO/SB/08a-Information Disclosure Citation together with
copies, of patents, publications or other information of which applicant(s) are aware, which
applicant(s) believe(s) may be material to the examination of this application and for which there
may be a duty to disclose in accordance with 37 CFR 1.56.

The relevance of the attached references is that this is the closest art of which Applicant is aware.
Applicant submits that the above references taken alone or in combination neither anticipate nor
render obvious the present invention, Consideration of the foregoing in relation to this
application is respectfully requested.

It is requested that the information disclosed herein he made of record in this application.

Respectfully submitted,

/Scott C. Hilton /

Scott C. Hilton
Reg. No. 66,011
Attorney for Applicants

Date:_September 19, 2013
8 East Broadway, Suite 600
Salt Lake City, UT 84111
Telephone (801) 994-4646
Fax (801) 531-1929




PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/904,963
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 70 N/A
SEARCH FEE
o o o N/A N/A N/A 300 N/A
EXAMINATION FEE
N FEE N/A N/A N/A 360 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 26 minus 20= 6 40 = 240 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 970 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATES) FEE($) RATE®) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
> a7 CF% ?.16(i)) Minus = OR
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATES) FEE($) RATE®) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR
% Independent * Minus | *** = _ OR
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSIND CLAIMS
13/904,963 05/29/2013 2129 970 3128.2.5 26 3
CONFIRMATION NO. 6149
36491 FILING RECEIPT
Kunzler Law Group
8 EAST BROADWAY IR AR
SUITE 600 00000006203292

SALT LAKE CITY, UT 84111
Date Mailed: 06/24/2013

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Kelly D. Phillipps, Salt Lake City, UT;
Richard W. Wellman, Park City, UT;
Applicant(s)
CloudVu, Inc., Sandy, UT

Power of Attorney: The patent practitioners associated with Customer Number 36491

Domestic Applications for which benefit is claimed - None.
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for
domestic benefit. See 37 CFR 1.76 and 1.78.

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 06/17/2013

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/904,963

Projected Publication Date: 12/04/2014

Non-Publication Request: No

Early Publication Request: No
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** SMALL ENTITY **
Title

USER INTERFACE FOR MACHINE LEARNING
Preliminary Class
706
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPto oV
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/904,963 05/29/2013 Kelly D. Phillipps 3128.2.5
CONFIRMATION NO. 6149
36491 POA ACCEPTANCE LETTER
Kunzler Law Group

§ EAST BROADWAY IR AP
SUITE 600 000000062032986

SALT LAKE CITY, UT 84111

Date Mailed: 06/24/2013

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 05/29/2013.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/mpaulos/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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KUNZLER LAW GROUP DOCKET NUMBER: 3128.2.5

DECLARATION (37 C.F.R. 1.63) FOR UTILITY PATENT APPLICATION USING AN
APPLICATION DATA SHEET (37 C.F.R. 1.76) AND ASSIGNMENT

Title of Invention: USER INTERFACE FOR MACHINE LEARNING
As a below named inventor, T hereby declare that:
This declaration is directed to the attached application, or (if following box is checked):

[ ] United States application or PCT international application number
filed on

The above-identified application was made or authorized to be made by me.

I beligve that I am the original inventor or an original joint inventor of a claimed invention in the
application.

I have reviewed and understand the contents of the application, including the claims,

Tam aware of the duty to disclose to the United States Patent and Trademark Office all information
known to me to be material to patentability as defined in 37 CER Section 1.56.

Whereas, the undersigned inventor(s) has/have made certain inventions, improvements, and discoveries
(herein referred to as the “Invention™) disclosed in the above-identified patent application and further
identified by the Kunzler Law Group Docket Number provided above in the header of this document;

Whereas, CloudVu, Inc., a corporation of Utah having a place of business at 9100 South 500 West,
Sandy, Utah, 84070, (herein referred to as “CloudVu™), desirves to acquire, and each undersigned inventor
desires to grant to CloudVu the entire worldwide right, title, and interest in and to the Invention and in
and to any and all patent applications and patents directed thereto;

Now, therefore, for good and valuable consideration, the receipt and sufficiency thereof being hereby
acknowledged, each undersigned inventor (“ASSIGNOR™) hereby sells or has sold, assigns or has
assigned, and otherwise transfers or has transferred to CloudVu (the “ASSIGNEE™), its successors, legal
representatives, and assigns, the entire worldwide right, title, and interest in and to the Invention, the
above-identified United States patent application, and any and all other patent applications and patents for
the Invention which may be applied for or granted therefor in the United States and in all foreign
countries and jurisdictions, including all divisions, continuations, reissues, reexaminations, renewals,
extensions, counterparts, substitutes, and extensions thereof, and all rights of priority resulting from the
filing of such applications and granting of such patents. In addition, each undersigned inventor hereby
authorizes and requests the Director of the United States Patent and Trademark Office to issue any United
States Patent, and foreign patent authorities to issue any foreign patent, granted for the Invention, to
CloudVu, its successors, legal representatives, and assigns, the entire worldwide right, title, and interest in
and to the same to be held and enjoyed by CloudVu, its successors, legal representatives, and assigns to
the full end of the terms for which any and all such patents may be granted, as fully and entirely as would
have been held and enjoyed by the undersigned had this Assignment not been made; and each
undersigned inventor agrees to execute any and all documents and mstruments and perform all lawful acts
reasonably related to recording this Assignment or perfecting title to the Invention and all related patents
and applications, in CloudVu, its successors, legal representatives, and assigns, whenever requested by
CloudVu, its successors, legal representatives, or assigns.
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KUNZLER LAW GROUP DOCKET NUMBER: 3128.2.5

Each undersigned inventor acknowledges their prior and ongoing obligations to sell, assign, and transfer
the rights under this Assignment to CloudVu and is unaware of any reason why they may not have the full
and unencumbered right to sell, assign, and transfer the rights hereby sold, assigned, and transferred, and
has not executed, and will not execute, any document or instruoment in conflict herewith, Each
undersigned inventor also hereby grants CloudVu, its successors, legal representatives, and assigns, the
right to insert in this Assigiunent any further identification (including, but not limited to, patent
Application Number) which may be necessary or desirable for recordation of this Assignment. This
Assignment is governed by the substantive laws of the State of Utah, and any disputes will be resolved in
a Utah state court or federal cowt sited in Utah.

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18
U.S.C. 1001 by fine or imprisonment of not more than five (3) years, or both.

(1} Legal Name of Inventor; KELLY D, PHILLIPPS

Signature;__{_ Date:
(2} Legal Name of Inventor; RICHARD W. WELLMAN
Signature: Date:
Assignee: L0 : Date: SN =

ClgudVu, Ine. )
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PTO/AIA/14 (03-13)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persoens are required to respond to a collection of information unless it contains a valid CMB control number.

) ) Attorney Docket Number | 312825
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | USER INTERFACE FOR MACHINE LEARNING

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
[] 37CFR5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}

Inventor Information:
Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Kelly D. Phillipps

Residence Information (Select One) (¢ US Residency () NonUS Residency () Active US Military Service

City | Salt Lake City State/Province | UT Country of Residence i | US

Mailing Address of Inventor:

Address 1 9100 South 500 West

Address 2

City Sandy | State/Province | ut
Postal Code 84070 | Country i us

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Richard W. Wellman

Residence Information (Select One) (¢ US Residency () Non US Residency () Active US Military Service

City | Park City State/Province | UT Country of Residence i | US

Mailing Address of Inventor:

Address 1 9100 South 500 West

Address 2

City Sandy | State/Province | uTt
Postal Code | 84070 | Country i | us

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

EFS Web 2.2.6



PTO/AIA/14 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 3128.2.5

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention USER INTERFACE FOR MACHINE LEARNING

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 36491

Email Address docket@kunzlerlaw.com | AddEmail |  |Remove Email

Application Information:

Title of the Invention USER INTERFACE FOR MACHINE LEARNING

Attorney Docket Number| 312825 Small Entity Status Claimed
Application Type Nonprovisional

Subject Matter

Total Number of Drawing Sheets (if any) 14 Suggested Figure for Publication (if any)

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. I hereby request that the attached application not be published under

[] 35U.5.C.122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: () Customer Number (O US Patent Practitioner | (O Limited Recognition (37 CFR 11.9)
Customer Number 36491

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.5.C. 119(e) or 120, and 37 CFR 1.78.

Prior Application Status
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

Additional Demestic Benefit/Naticnal Stage Data may be generated within this form
by selecting the Add button.

EFS Web 2.2.6




PTO/AIA/14 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 3128.2.5

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention USER INTERFACE FOR MACHINE LEARNING

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX) lthe information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h){1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

| Remove |
Application Number Country i Filing Date (YYYY-MM-DD) Access Codei (if applicable)
Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

This application (1} claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
[ ] contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
16, 2013.

Authorization to Permit Access:

Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO}, the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPQ, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14{h){3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-{d) if a copy of the foreign application that satisfies the cerlified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14{c), access may be provided to information concerning the date of filing this Authorization.
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Attorney Docket Number | 3128.2.5

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention USER INTERFACE FOR MACHINE LEARNING

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignhee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should he

identified in this section.

(O Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here.

Organization Name CloudVu, Inc.

Mailing Address Information:

Address 1 9100 South 500 West

Address 2

City Sandy State/Province uTt
Country i| US Postal Code 84070
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.
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PTO/AIA/14 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 3128.2.5

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention USER INTERFACE FOR MACHINE LEARNING

Assignee 1

Complete this section only if non-applicant assignee information is desired to be included on the patent application publication in
accordance with 37 CFR 1.215(b). Do not include in this section an applicant under 37 CFR 1.46 (assignee, person to whom the
inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest), as the patent application publication will
include the name of the applicant(s).

Remove

If the Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information:

Address 1

Address 2

City State/Province
Country i Postal Code
Phone Number Fax Number

Email Address

Additional Assignee Data may be generated within this form by selecting the Add button.

Signature:

NOTE: This form must be sighed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signhature requirements and
certifications

Signature |[/Scott C. Hilton/ Date (YYYY-MM-DD)| 2013-05-29
First Name | Scott Last Name | Hilton Registration Number | 66011
Additicnal Sighature may be generated within this form by selecting the Add button. Add

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USFPTO to process) an application. Confidentiality is governed by 35 U.S.C_ 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.5.C. 2(b)(2); (2) furnishing of the information sclicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S5.C. 552)
and the Privacy Act (& U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U_.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GS8A regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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Doc Code: PA..

o PTO/AIA/82A (07-12)
Document Description: Power of Attorney

Approved for use through 11/30/2014. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

\.

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B or equivalent) to identify the
application to which the Power of Attorney is directed, in accordance with 37 CFR 1.5. If the Power of Attorney by Applicant form
is hot accompanied by this transmittal form or an equivalent, the Power of Attorney will not be recognized in the application.

Application Number

Filing Date

First Named Inventor Kelly D. Phillipps

Title User Interface for Machine Learning
Art Unit

Examiner Name

Attorney Docket Number |3128.2.5
SIGNATURE of Applicant or Patent Practitioner

Signature /Scott C. Hilton/ Date May 29, 2013
Name Scott C. Hilton 801-994-4646

Telephone
Registration Number 6601 1

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications.

|:| *Total of forms are submitted.

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.



Doc Code: PA.. .
| .. PYOIAIA/BZ2B(07-12)
Document Desaription: Power of Attorney Approvad for use through 110302014, OMB 0651-0035
U.3; Patent and Trademark Office; U.S. DEFPARTMERT OF COMMERCE

Unider the Paperwork Reduction Act of 1898, rio persons are fequired 1o respond ja-a collection of information unfess it displays a valid OMB cantrol fiumber.

POWER OF ATTORNEY BY APPLICANT ﬂ

heraby revoke all previous powers of attormey given in the application identified in the attached transmittal letter,

@ | hereby appoint Practitioner(s) associated with the following Customer Nuraber as myfour attorney(s)or agent(s), ans to
transact alf business in the Uniled States Patent and Trademark Office connscled therewith for the application referenced
irt the attached transmitial letter (form FTO/AIA/E2A or equivalent);

o
o 36491

””” i bereby appoint Praclitiener(s} narned below as my/our attorney(s) or ageni(s), and to transact all business in the
— United Slates Patent and Trademark Office connested therewith for the application referenced in the aliached
transmittal letler (form PTO/AARZA areguivalent):

Registeation Name Registration

Name ; )
Mumber Number

Please recognize ar change the correspondence address for the application identified in the attached
transmittal letter o

OR
The address associated with Customer Number:

OR

| Firin or
»»»»» tndividual Name

Addrass

City | state | | zip]
Country
Telephone fEmail }
 am the Applicant;

D Invantor or Joint nventor

DLega? Representative of a Deceased or Legsily Incapacitaled Inventor

@Assignee or Parsop to Whont the Inventor is Under an Obligation 1o Assign
E Parson Who Otherwise Shows Bufficient Proprielary Interest {e.g., a petition under 37 CFR 1.46{b){2) was
graniad in the application or is concurrently being filed with this document)
ALt op SIGNATURE of Applicant for Patent
Signature SEERSY e Dats 2% %
Name Alan Walgack f Telephone | 801-898-7767
Titie and Company | CEQ, Clousvu, ige.

vertifications, Submit mullipte forms for maore than one signature, see balow *.

D *Tolal of _ forms are submitted.

This collection of information Is requires by 37 CFR 1.31, 1.32 and 1.33. The information fs required to obtain or retain a benefi by the public wirieh 15 to file {and by the
USFTO o process).an application. Confidentialty is govemed by 35 UB.5.€. 122 and 37 CFR 1.11 and 1.14. This collection is estimated 1o taks 3 minutes to complete,
inciuding gathering, preparing, and submitting the compieted application form o the USFPTQ. Time will vary depending upon the individual case, Any comments on
the amount of tima vou require to comprlate this form andfor suggestions for reducing this burdan, should be sent to the Chist Information Officar, U3, Patent and
Trademark Office, LS. Department of Convnerce, F.O, Box 1480, Alexandria, VA 22313-1480, DO NOT SEMD FEES OR COMPLETED FORMS TQ THIS
ADDRESS, SEND TQ: Commissionsr for Patents; P.QO. Box 1450, Alexandria, VA 22313-1450.

if you need assistance fn completing the forrry, call 1-800-FT0-9198 and select option 2.



CERTIFICATE OF TRANSMISSION

T hereby certify that this correspondence is being transmitted by either submission using the EFS WEB submission system, fax to
the U.S. Patent and Trademark office to fax number 571-273-8300, or is being deposited with the United States Postal Service as
first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 to on May
29,2013.

[Scott C. Hilton/
Attorney for Applicant

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor: Kelly D. Phillipps
Group Art Unit:
Serial No.:
Examiner:
Filed:

Title: USER INTERFACE FOR MACHING
LEARNING

Attorney Docket No.: 37128.2.5

Commissioner for Patents
Washington, DC. 20231

INFORMATION DISCLOSURE STATEMENT

Dear Sir:
This Information Disclosure Statement is submitted:

_ X under 37 CFR 1.97(b), or
(Within three months of filing national application; or date of entry of international
application; or before mailing date of first office action on the merits; or before the
mailing of a first office action after the filing of a request for continued
examination; whichever occurs last)

under 37 CFR 1 .97(c) together with either a:
____Statement under 37 CFR 1.97(e), or
_a$180.00 fee under 37 CFR 1.17(p), or
(After the CFR 1.97(b) time period, but before final action or
notice of allowance, whichever occurs first)

__ under 37 CFR 1.97(d) together with a:
___Statement under 37 CFR 1.97(e), and
__a$180.00 fee set forth in 37 CFR 1 .17 (p).
(Filed after final action or notice of allowance, whichever occurs first, but
before payment of the issue fee)



under 37 CFR 1.97(e),

each item of information contained herein was first cited in a communication
from a foreign patent office in a counterpart foreign application not more than
three months prior to the filing of the information disclosure statement.

no item of information contained herein was cited in a communication from a
foreign patent office in a counterpart foreign application nor was known to any
individual designated in ' 1.56(c) more than three months prior to the filing of
the information disclosure statement.

_X__ Applicant(s) submit herewith PTO/SB/08a-Information Disclosure Citation together with
copies, of patents, publications or other information of which applicant(s) are aware, which
applicant(s) believe(s) may be material to the examination of this application and for which there
may be a duty to disclose in accordance with 37 CFR 1.56.

The relevance of the attached references is that this is the closest art of which Applicant is aware.
Applicant submits that the above references taken alone or in combination neither anticipate nor
render obvious the present invention, Consideration of the foregoing in relation to this
application is respectfully requested.

It is requested that the information disclosed herein he made of record in this application.

Respectfully submitted,

/Scott C. Hilton /

Scott C. Hilton
Reg. No. 66,011
Attorney for Applicants

Date:_May 29, 2013
8 East Broadway, Suite 600

Salt Lake City, UT 84111
Telephone (801) 994-4646
Fax (801) 531-1929



Doc code: IDS PTO/SB/08a (01-10)

Lo . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERGE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number

Filing Date

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Kelly D. Phillipps
Art Unit

Examiner Name

Attorney Dacket Number 312825

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Ccde! of cited Document )
Figures Appear
1 7219085 2007-05-15 Buck, et al.
2 7814194 2010-10-12 Hellerstein, et al.
3 8160981 2012-04-17 Aparicio, IV
4 6523015 2003-02-18 Bera, etal.
5 6112304 2000-08-29 Clawson
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Fublication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
1 20110119300 2011-05-19 Marcade

If you wish to add additional U.S. Published Application citation information please click the Add button. Add

FOREIGN PATENT DOCUMENTS Remove
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

Filing Date

First Named Inventor

Kelly D. Phillipps

Art Unit

Examiner Name

Attorney Dacket Number

312825

Name of Patentee or

Pages,Columns,Lines

Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2 j Code4| Date PP Passages or Relevant
Document .
Figures Appear
1 []
If you wish to add additional Foreign Patent Document citaticn information please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite S : . }
T (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s)}, TS
Initials No : : .
publisher, city and/or country where published.
1 McTIGUE, JAKE, "Predictive Analytics for IT", Information Week, March 2012, pgs. 17 |:|
2 PURPURA, STEPHEN, "Statistically Adaptive Learning for a General Class of Cost Functions (SA L-BFGS)", |:|
September 5, 2012, pgs. 7, arXiv:1208.0029v3 [cs.LG]

If you wish to add additional non-patent literature document citation information please click the Add button

Add

EXAMINER SIGNATURE

Examiner Signature

Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 602. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. ° Applicant is to place a check mark here if

English language translation is attached.
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Application Number

Filing Date

INFORMATION DISCLOSURE

First Named Inventor | Kelly D. Phillipps

STATEMENT BY APPLICANT

.. Art Unit
( Not for submission under 37 CFR 1.99)

Examiner Name

Attorney Dacket Number 312825

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of informaticn contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
[] The fee setforthin 37 CFR 1.17 (p) has been submitted herewith.

[] A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Scott C. Hilton/ Date (YYYY-MM-DD) 2013-05-29

Name/Print Scott C. Hilton Registration Number 66011

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collecticn is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The infarmation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552} and the Privacy Act (5 U.S5.C. 552a). Records from this system of records may be disclesed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
hegotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of informatioh shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atemic Energy Act (42 U.S.C. 218(¢c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce)} directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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USER INTERFACE FOR MACHINE LEARNING
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USER INTERFACE FOR MACHINE LEARNING

TECHNICAL FIELD
[0001] The present disclosure, in various embodiments, relates to machine
learning and more particularly relates to a dynamic user interface for machine learning

results.

BACKGROUND

[0002] Machine learning predictions or other machine learning analyses are often
represented as static numbers, which may be interpreted by a Data Scientist or other
expert. Raw machine learning data can be confusing and inaccessible, and may hold little
meaning for a lay person attempting to interpret the data.

[0003] For example, a business person, sales person, or the like may use machine
learning to predict business actions or outcomes. However, a static machine learning
prediction may hold little if any significance, and may be difficult to apply in practice.

[0004] Further, a machine learning prediction is typically made with certain
parameters or inputs, and may take substantial time to calculate or determine. If a user,
such as the business person or sales person from the previous example, would like to
change a parameter or input, a substantial delay will occur before a new machine learning

prediction is available.
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SUMMARY

[0005] From the foregoing discussion, it should be apparent that a need exists for
an apparatus, system, and method to provide an accessible user interface for machine
learning results. Beneficially, such an apparatus, system, and method would dynamically
update and display machine learning results during runtime, with little or no delay.

[0006] The present disclosure has been developed in response to the present state
of the art, and in particular, in response to the problems and needs in the art that have not
yet been fully solved by currently available machine learning methods. Accordingly, the
present disclosure has been developed to provide an apparatus, system, and method for
machine learning results that overcome many or all of the above-discussed shortcomings
in the art.

[0007] Apparatuses are presented for machine learning results. In one
embodiment, an input module is configured to receive user input identifying one or more
values for one or more machine learning parameters. In a further embodiment, a display
module is configured to display one or more machine learning results for one or more
identified machine learning parameters in response to an input module receiving user
input. One or more machine learning results, in certain embodiments, are determined
using machine learning and an identified machine learning parameter. In another
embodiment, an update module is configured to dynamically update one or more
displayed machine learning results in response to an input module receiving additional
user input identifying one or more additional values for one or more machine learning
parameters.

[0008] Methods are presented for machine learning results. In one embodiment, a
method includes inputting permutations of machine learning parameters incrementally
between minimum values for the machine learning parameters and maximum values for
the machine learning parameters into a predictive program. In a further embodiment, a

method includes determining machine learning results from a predictive program for

S
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input permutations of machine learning parameters. A method, in another embodiment,
includes populating a results data structure with determined machine learning results
indexed by machine learning parameters.

[0009] Systems for machine learning results are presented. In one embodiment, a
pre-compute module is configured to predetermine, using one or more predictive
programs, permutations of machine learning results for each of the one or more predictive
programs at predefined increments between minimum values for machine learning
parameters and maximum values for the machine learning parameters. An input module,
in certain embodiments, is configured to receive user input from multiple users
identifying values for one or more machine learning parameters for one or more
predictive programs. A display module, in a further embodiment, is configured to display
one or more predetermined machine learning results to multiple users based on identified
values.

[0010] Reference throughout this specification to features, advantages, or similar
language does not imply that all of the features and advantages that may be realized with
the present disclosure should be or are in any single embodiment of the disclosure.
Rather, language referring to the features and advantages is understood to mean that a
specific feature, advantage, or characteristic described in connection with an embodiment
is included in at least one embodiment of the present disclosure. Thus, discussion of the
features and advantages, and similar language, throughout this specification may, but do
not necessarily, refer to the same embodiment.

[0011] Furthermore, the described features, advantages, and characteristics of the
disclosure may be combined in any suitable manner in one or more embodiments. The
disclosure may be practiced without one or more of the specific features or advantages of
a particular embodiment. In other instances, additional features and advantages may be
recognized in certain embodiments that may not be present in all embodiments of the

disclosure.
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[0012] These features and advantages of the present disclosure will become more
fully apparent from the following description and appended claims, or may be learned by

the practice of the disclosure as set forth hereinafter.

Kunzler Law Group Docket No.: 3128.2.1US1



8 EAST BROADWAY, SUITE 600

KUNZLER LAW GROUP
ATTORNEYS AT LAW

SALT LAKE CITY, UTAH 84111

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In order that the advantages of the disclosure will be readily understood, a
more particular description of the disclosure briefly described above will be rendered by
reference to specific embodiments that are illustrated in the appended drawings.
Understanding that these drawings depict only typical embodiments of the disclosure and
are not therefore to be considered to be limiting of its scope, the disclosure will be
described and explained with additional specificity and detail through the use of the
accompanying drawings, in which:

[0014] Figure 1A is a schematic block diagram illustrating one embodiment of a
system for machine learning results;

[0015] Figure 1B is a schematic block diagram illustrating one embodiment of a
graphical display for machine learning results;

[0016] Figure 1C is a schematic block diagram illustrating a further embodiment
of a graphical display for machine learning results;

[0017] Figure 2A is a schematic block diagram illustrating one embodiment of a
results module;

[0018] Figure 2B is a schematic block diagram illustrating another embodiment
of a results module;

[0019] Figure 3 is a schematic block diagram illustrating one embodiment of an
machine learning module;

[0020] Figure 4 is a schematic block diagram illustrating one embodiment of a
system for a machine learning factory;

[0021] Figure 5 is a schematic block diagram illustrating one embodiment of
learned functions for a machine learning ensemble;

[0022] Figure 6 is a schematic flow chart diagram illustrating one embodiment of

a method for a machine learning factorys;
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[0023] Figure 7 1is a schematic flow chart diagram illustrating another
embodiment of a method for a machine learning factorys;

[0024] Figure 8 is a schematic flow chart diagram illustrating one embodiment of
a method for directing data through a machine learning ensemble;

[0025] Figure 9 is a schematic flow chart diagram illustrating one embodiment of
a method for machine learning results;

[0026] Figure 10 is a schematic flow chart diagram illustrating another
embodiment of a method for machine learning results; and

[0027] Figure 11 is a schematic flow chart diagram illustrating a further

embodiment of a method for machine learning results.
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DETAILED DESCRIPTION
[0028] Aspects of the present disclosure may be embodied as an apparatus,
system, method, or computer program product. Accordingly, aspects of the present
disclosure may take the form of an entirely hardware embodiment, an entirely software
embodiment (including firmware, resident software, micro-code, etc.) or an embodiment
combining software and hardware aspects that may all generally be referred to herein as a

2% <<

“circuit,” “module” or “system.” Furthermore, aspects of the present disclosure may take
the form of a computer program product embodied in one or more computer readable
storage media having computer readable program code embodied thereon.

[0029] Many of the functional units described in this specification have been
labeled as modules, in order to more particularly emphasize their implementation
independence. For example, a module may be implemented as a hardware circuit
comprising custom VLSI circuits or gate arrays, off-the-shelf semiconductors such as
logic chips, transistors, or other discrete components. A module may also be
implemented in programmable hardware devices such as field programmable gate arrays,
programmable array logic, programmable logic devices or the like.

[0030] Modules may also be implemented in software for execution by various
types of processors. An identified module of executable code may, for instance,
comprise one or more physical or logical blocks of computer instructions which may, for
instance, be organized as an object, procedure, or function. Nevertheless, the executables
of an identified module need not be physically located together, but may comprise
disparate instructions stored in different locations which, when joined logically together,
comprise the module and achieve the stated purpose for the module.

[0031] Indeed, a module of executable code may be a single instruction, or many
instructions, and may even be distributed over several different code segments, among
different programs, and across several memory devices. Similarly, operational data may

be identified and illustrated herein within modules, and may be embodied in any suitable

-7 -
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form and organized within any suitable type of data structure. The operational data may
be collected as a single data set, or may be distributed over different locations including
over different storage devices, and may exist, at least partially, merely as electronic
signals on a system or network. Where a module or portions of a module are
implemented in software, the software portions are stored on one or more computer
readable storage media.

[0032] Any combination of one or more computer readable storage media may be
utilized. A computer readable storage medium may be, for example, but not limited to, an
electronic, magnetic, optical, electromagnetic, infrared, or semiconductor system,
apparatus, or device, or any suitable combination of the foregoing.

[0033] More specific examples (a non-exhaustive list) of the computer readable
storage medium would include the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory (ROM), an erasable programmable
read-only memory (EPROM or Flash memory), a portable compact disc read-only
memory (CD-ROM), a digital versatile disc (DVD), a Blu-ray disc, an optical storage
device, a magnetic tape, a Bernoulli drive, a magnetic disk, a magnetic storage device, a
punch card, integrated circuits, other digital processing apparatus memory devices, or any
suitable combination of the foregoing, but would not include propagating signals. In the
context of this document, a computer readable storage medium may be any tangible
medium that can contain, or store a program for use by or in connection with an
instruction execution system, apparatus, or device.

[0034] Computer program code for carrying out operations for aspects of the
present disclosure may be written in any combination of one or more programming
languages, including an object oriented programming language such as Java, Python,
C++ or the like and conventional procedural programming languages, such as the “C”
programming language or similar programming languages. The program code may

execute entirely on the user's computer, partly on the user's computer, as a stand-alone

-8-
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software package, partly on the user's computer and partly on a remote computer or
entirely on the remote computer or server. In the latter scenario, the remote computer
may be connected to the user's computer through any type of network, including a local
area network (LAN) or a wide area network (WAN), or the connection may be made to
an external computer (for example, through the Internet using an Internet Service
Provider).

[0035] Reference throughout this specification to “one embodiment,” “an
embodiment,” or similar language means that a particular feature, structure, or
characteristic described in connection with the embodiment is included in at least one
embodiment of the present disclosure. Thus, appearances of the phrases “in one
embodiment,” “in an embodiment,” and similar language throughout this specification
may, but do not necessarily, all refer to the same embodiment, but mean “one or more but
not all embodiments” unless expressly specified otherwise. The terms “including,”
“comprising,” “having,” and variations thereof mean “including but not limited to” unless
expressly specified otherwise. An enumerated listing of items does not imply that any or
all of the items are mutually exclusive and/or mutually inclusive, unless expressly
specified otherwise. The terms “a,” “an,” and “the” also refer to “one or more” unless
expressly specified otherwise.

[0036] Furthermore, the described features, structures, or characteristics of the
disclosure may be combined in any suitable manner in one or more embodiments. In the
following description, numerous specific details are provided, such as examples of
programming, software modules, user selections, network transactions, database queries,
database structures, hardware modules, hardware circuits, hardware chips, etc., to provide
a thorough understanding of embodiments of the disclosure. However, the disclosure

may be practiced without one or more of the specific details, or with other methods,

components, materials, and so forth. In other instances, well-known structures, materials,
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or operations are not shown or described in detail to avoid obscuring aspects of the
disclosure.

[0037] Aspects of the present disclosure are described below with reference to
schematic flowchart diagrams and/or schematic block diagrams of methods, apparatuses,
systems, and computer program products according to embodiments of the disclosure. It
will be understood that each block of the schematic flowchart diagrams and/or schematic
block diagrams, and combinations of blocks in the schematic flowchart diagrams and/or
schematic block diagrams, can be implemented by computer program instructions. These
computer program instructions may be provided to a processor of a general purpose
computer, special purpose computer, or other programmable data processing apparatus to
produce a machine, such that the instructions, which execute via the processor of the
computer or other programmable data processing apparatus, create means for
implementing the functions/acts specified in the schematic flowchart diagrams and/or
schematic block diagrams block or blocks.

[0038] These computer program instructions may also be stored in a computer
readable storage medium that can direct a computer, other programmable data processing
apparatus, or other devices to function in a particular manner, such that the instructions
stored in the computer readable storage medium produce an article of manufacture
including instructions which implement the function/act specified in the schematic
flowchart diagrams and/or schematic block diagrams block or blocks.

[0039] The computer program instructions may also be loaded onto a computer,
other programmable data processing apparatus, or other devices to cause a series of
operational steps to be performed on the computer, other programmable apparatus or
other devices to produce a computer implemented process such that the instructions
which execute on the computer or other programmable apparatus provide processes for
implementing the functions/acts specified in the flowchart and/or block diagram block or

blocks.

-10 -
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[0040] The schematic flowchart diagrams and/or schematic block diagrams in the
Figures illustrate the architecture, functionality, and operation of possible
implementations of apparatuses, systems, methods and computer program products
according to various embodiments of the present disclosure. In this regard, each block in
the schematic flowchart diagrams and/or schematic block diagrams may represent a
module, segment, or portion of code, which comprises one or more executable
instructions for implementing the specified logical function(s).

[0041] It should also be noted that, in some alternative implementations, the
functions noted in the block may occur out of the order noted in the figures. For example,
two blocks shown in succession may, in fact, be executed substantially concurrently, or
the blocks may sometimes be executed in the reverse order, depending upon the
functionality involved. Other steps and methods may be conceived that are equivalent in
function, logic, or effect to one or more blocks, or portions thereof, of the illustrated
figures.

[0042] Although various arrow types and line types may be employed in the
flowchart and/or block diagrams, they are understood not to limit the scope of the
corresponding embodiments. Indeed, some arrows or other connectors may be used to
indicate only the logical flow of the depicted embodiment. For instance, an arrow may
indicate a waiting or monitoring period of unspecified duration between enumerated steps
of the depicted embodiment. It will also be noted that each block of the block diagrams
and/or flowchart diagrams, and combinations of blocks in the block diagrams and/or
flowchart diagrams, can be implemented by special purpose hardware-based systems that
perform the specified functions or acts, or combinations of special purpose hardware and
computer instructions.

[0043] The description of elements in each figure may refer to elements of
proceeding figures. Like numbers refer to like elements in all figures, including alternate

embodiments of like elements.

-11 -
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[0044] Figure 1A depicts one embodiment of a system 100 for machine learning
results. The system 100, in the depicted embodiment, includes one or more results
modules 102. A results module 102 may be in communication with several clients 104,
other results modules 102, or the like over a data network 106, over a local channel 108
such as a system bus, an application programming interface (API), or the like. A results
module 102 may display various machine learning results on one or more electronic
display devices 110 to one or more users or other clients 104. A client 104 may comprise
a software application, a user, a hardware computing device with a processor and
memory, or another entity in communication with a results module 102.

[0045] In general, a results module 102 dynamically displays or otherwise
presents machine learning results using a user interface for one or more users or other
clients 104. As used herein, a user interface may include a graphical user interface
(GUI), a command line interface, an auditory or verbal interface, a tactile or touch
interface, or another human-machine interface allowing input and/or output between a
user and the results module 102, through a computing device such as a client 104 or the
like. The one or more results modules 102, in certain embodiments, may display
machine learning results graphically on one or more electronic display devices 110, such
as a liquid crystal display (LCD) device, light emitting diode (LED) display device, a
plasma display device, an electronic ink display device, a television, a computer monitor,
a mobile device screen such as a mobile phone or tablet screen, a projector, and/or
another electronic display device 110. An electronic display device 110 may also
comprise a touchscreen or other input device, allowing a user to directly manipulate
machine learning inputs or results for the one or more results modules 102. In certain
embodiments, a computing device or other client 104 may include one or more user input
devices, such as a mouse, a keyboard, a touchpad, a microphone, a camera, an

accelerometer, or the like allowing a user to provide user input to a results module 102.

-12 -
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[0046] In certain embodiments, the results module 102 provides and/or accesses a
machine learning framework allowing the results module 102 and/or clients 104 to
request machine learning ensembles, to make analysis requests, and to receive machine
learning results, such as a classification, a confidence metric, an inferred function, a
regression function, an answer, a prediction, a recognized pattern, a rule, a
recommendation, or other results. Machine learning, as used herein, comprises one or
more modules, computer executable program code, logic hardware, and/or other entities
configured to learn from or train on input data, and to apply the learning or training to
provide results or analysis for subsequent data. Machine learning and generating
machine learning ensembles or other machine learning program code is described in
greater detail below with regard to Figure 3 through Figure 8.

[0047] The results module 102, in one embodiment, comprises a machine
learning simulator or pre-cache configured to pre-determine, pre-compute, and/or cache
machine learning results in a results data structure, so that the results module 102 may
dynamically display different permutations of the machine learning results in response to
user input from a client 104 or otherwise dynamically access machine learning results.
The results module 102, in a further embodiment, provides a graphical user interface to
engage the pre-determined and/or simulated machine learning results in a visual form.

[0048] As described above, machine learning results that are represented as static
numbers can be confusing and difficult to understand. Machine learning may also
receive large amounts of data as input for processing, and the machine learning inputs
may be equally complex and daunting for a lay person to interpret or manipulate. To
overcome or minimize these shortcomings, the one or more results modules 102, in
certain embodiments, may use a cognitive, visual model to provide meaning to machine
learning inputs, results, and/or other parameters. The one or more results modules 102
may allow dynamic manipulation of one or more machine learning inputs, results, and/or

other parameters and may dynamically update a display (or other presentation) of other
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related machine learning inputs, results, and/or other parameters in at or near real-time, so
that the machine learning inputs, results, and/or other parameters are interactive.

[0049] For example, the one or more results modules 102 may present machine
learning inputs, results, and/or other parameters for a business to a business person, sales
person, or another user to predict business actions or outcomes, provide business
recommendations, or the like. Because, in certain embodiments, the one or more results
modules 102 present the machine learning inputs, results, and/or other parameters in a
dynamic, experiential manner, using an interactive data visualization or the like, the one
or more results modules 102 may facilitate understanding of the meaning of the presented
data, without burdening the user with the minutia and complexity of the literal underlying
data. The one or more results modules 102 may present machine learning inputs, results,
predictions, and/or other parameters in a manner that communicates business meaning to
a user, allowing the user to navigate and recognize patterns in enterprise data, thereby
determining optimal actions for the business.

[0050] In order to dynamically display or otherwise present updated machine
learning results or other parameters to a user at or near real-time, in certain embodiments,
the one or more results modules 102 may pre-compute, pre-determine, and/or pre-cache
different permutations of the machine learning results and/or other parameters. Pre-
computing each permutation of machine learning results, indexed by machine learning
input parameters, in certain embodiments, allows the one or more results modules 102 to
dynamically update displayed machine learning results and/or other parameters with little
or no delay in response to receiving input from a user or other client 104, without having
to process new machine learning inputs for each user input.

[0051] The one or more results modules 102 may use machine learning, such as
the machine learning ensembles or other machine learning program code described below
to generate a plurality of predictive outcomes or other machine learning results from a

data set that is comprised of a plurality of instances (e.g., rows) and a plurality of actions
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(e.g., features, attributes, and/or columns). By using historical customer data sets to
understand the interaction between the various actions, the one or more results modules
102 may achieve a level of confidence in using the historical data to generate patterns to
predict future events, recommended actions, or the like using machine learning.

[0052] The one or more results modules 102 may process each instance within the
data set to generate a new set of predictive metrics (e.g., machine learning results). The
one or more results modules 102 may perform this processing of data iteratively for each
instance, deriving a new set of predictive metrics or other machine learning results for
each iteration. The accumulation of each of the predictive metrics or machine learning
results gathered after processing each of the different instances by the one or more results
modules 102 may populate a table or other results data structure of predictive, machine
learning information (e.g., machine learning inputs, machine learning results, and/or
other machine learning parameters) that is pre-processed and readily accessible by the
one or more results modules 102 for presentation to a user with direct correlation between
the various actions.

[0053] The table or other results data structure may include up to millions of
predictions or other machine learning results. This table or other results data structure
may accommodate user interaction with the predictive metrics presented by the one or
more results modules 102 in a substantially real-time manner.

[0054] The results module 102, in certain embodiments, provides a user interface
that is an interactive, visual representation of the pre-computed, pre-cached machine
learning data, using a visual method to define a goal or the like. This may facilitate the
ability of a user to see a simulation or representation of any possible action as they relate
to a goal, based on pre-computed machine learning processing of the associated data. For
example, the one or more results modules 102 may enable a user to evaluate any number
of actions in real-time, substantially instantaneously - as it relates to that goal and their

interplay across a massively large number of possible actions. The one or more results
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modules 102 may allow a user to move or adjust any one feature and watch the other
variables dynamically update and change (e.g., interplay).

[0055] Instead of using static graphs or tables to display historical information,
things that have already occurred and that are by nature, static or fixed (since the past
cannot be changed), the one or more results modules 102 may dynamically display and
update outcomes or results by showing a user what actions are recommended to obtain a
desired result or goal, while allowing the user to update or change input parameters,
results, and/or goals in real-time. The output of the one or more results modules 102 may
be the generation of a discrete action list or action plan. An action plan may include one
or more steps or actions a user may take in order to achieve the desired results or goal, a
list of recommended targets for an action, or the like. A user may define a desired result
or goal by directly adjusting or selecting an action, and the one or more results modules
102 may display or otherwise present the interplay between other metrics and their
predicted outcomes or results as well as a final list of actions recommended to
accomplish such results.

[0056] In certain embodiments, the one or more results modules 102 may provide
an interactive graphical user interface that dynamically displays and adjusts an action
plan, indicating the recommended work and resources to achieve a specific goal or
desired outcome. In one embodiment, the graphical user interface of the one or more
results modules 102 may include a dynamic graph with multiple circles or other objects,
where each circle or other object represents an action or result. The one or more results
modules 102 may allow a user to move the result objects around the graph, re-size the
objects by stretching or pinching, or otherwise manipulate or adjust the objects. For
example, in certain embodiments, an x-axis may represent time; a y-axis may represent
cost, investment, man-hours, resources, or the like; a size of an object may represent a

size or reach of results or targets; opacity, color, or shading of an object may represent A
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confidence metric for a prediction or recommendation; opacity, color, or shading of an
object may represent a target list recommended for the associated action; or the like.

[0057] By moving the target circle or other object around the graph, in one
embodiment, the opacity or other representation of confidence for corresponding objects
will change based on its placement on the graph. Corresponding circles or other objects
may also change in appearance (e.g., size, location, opacity, color, or the like) based on a
user’s placement of an original, target circle or other object on the graph. In certain
graphs or other graphical user interfaces of the one or more results modules 102, a user
may be allowed to adjust a value for an overall goal.

[0058] The one or more results modules 102 may use a movement, re-sizing, or
other adjustment of the circles or other objects on the graph is an input to a results data
structure to update the positions and sizes of other objects on the graph, other attributes of
the adjusted object, or the like. In certain embodiments, a user may set one more results
or goals to their desired outcomes or states, and the one or more results modules 102 may
present what is recommended, in terms of actions, to accomplish the desired outcomes or
states using the pre-computed or pre-cached machine learning results. Once the results,
goals, or other parameters are set by a user, the presented action list may indicate to the
user what actions to take, how many times to take an action, when to take an action, one
or more targets of an action, or the like.

[0059] The one or more results modules 102 may present a graphical user
interface that allows a user or other client 104 to manipulate its content, in an interactive
manner, in order to simulate pre-computed machine learning results, which may dictate a
specific list of actions required to obtain a goal or desired outcome. A graphical user
interface, as used herein, may include displayed visual objects as described above, a
spreadsheet or table with numerical values (e.g., modifying cell contents for a particular

action to see an effect on other cells, an action list, or the like).
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[0060] In certain embodiments, the one or more results modules 102 may allow a
user to specify or adjust an action and see the action’s predicted outcome or effect on a
goal. A user may specify a desired goal value and see the machine learning predicted
actions required to achieve that goal, based on a previously computed machine learning
analysis of the user’s data. A user, in certain embodiments, may specify a confidence
metric or the like and the one or more results modules 102 may present one or more
actions, attributes, features, goals, or the like that have a highest correlation to or impact
on the confidence metric, based on the pre-computed or pre-cached machine learning
results. A wuser, in one embodiment, may directly manipulate a graphical object
representing a goal, for example a familiar business graph such as a line chart, and see a
graphical representation of the actions predicted to have the greatest effect on achieving
the goal. The results module 102 may present such controls graphically or in another
manner.

[0061] In one embodiment, the one or more results modules 102 may provide a
dynamic interface for predictive analytics. Predictive analytics is the study of past
performance, or patterns, found in historical and transactional data to identify behavior
and trends in future events, using machine learning or the like. This may be
accomplished using a variety of statistical techniques including modeling, machine
learning, data mining, or the like.

[0062] One term for large, complex, historical data sets is Big Data. Examples of
Big Data include web logs, social networks, blogs, system log files, call logs, customer
data, user feedback, or the like. These data sets may often be so large and complex that
they are awkward and difficult to work with using traditional tools. With technological
advances in computing resources, including memory, storage, and computational power,
along with frameworks and programming models for data-intensive distributed
applications, the ability to collect, analyze and mine these huge repositories of structured,

unstructured, and/or semi-structured data has only recently become possible.
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[0063] In certain embodiments, prediction may be applied through at least two
general techniques: Regression and Classification.

[0064] Regression models attempt to fit a mathematical equation to approximate
the relationship between the variables being analyzed. These models may include
“Discrete Choice” models such as Logistic Regression, Multinomial Logistic Regression,
Probit Regression, or the like. When factoring in time, Time Series models may be used,
such as Auto Regression — AR, Moving Average — MA, ARMA, AR Conditional
Heteroskedasticity - ARCH, Generalized ARCH - GARCH and Vector AR — VAR).
Other models include Survival or Duration analysis, Classification and Regression Trees
(CART), Multivariate Adaptive Regression Splines (MARS), and the like.

[0065] Classification is a form of artificial intelligence that uses computational
power to execute complex algorithms in an effort to emulate human cognition. One
underlying problem, however, remains: determining the set of all possible behaviors
given all possible inputs is much too large to be included in a set of observed examples.
Classification methods may include Neural Networks, Radial Basis Functions, Support
Vector Machines, Naive Bayes, k-Nearest Neighbors, Geospatial Predictive modeling,
and the like.

[0066] Each of these forms of modeling make assumptions about the data set and
model the given data, however, some models are more accurate than others and none of
the models are ideal. Historically, using predictive analytics or other machine learning
tools was a cumbersome and difficult process, often involving the engagement of a Data
Scientist or other expert. Any easier-to-use tools or interfaces for general business users,
however, typically fall short in that they still require “heavy lifting” by IT personnel in
order to present and massage data and results. A Data Scientist typically must determine
the optimal class of learning machines that would be the most applicable for a given data
set, and rigorously test the selected hypothesis by first fine-tuning the learning machine

parameters and second by evaluating results fed by trained data.
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[0067] The results module 102, in certain embodiments, generates machine
learning ensembles or other machine learning program code for the clients 104, with little
or no input from a Data Scientist or other expert, by generating a large number of learned
functions from multiple different classes, evaluating, combining, and/or extending the
learned functions, synthesizing selected learned functions, and organizing the synthesized
learned functions into a machine learning ensemble. The results module 102, in one
embodiment, services analysis requests for the clients 104 using the generated machine
learning ensembles or other machine learning program code.

[0068] By generating a large number of learned functions, without regard to the
effectiveness of the generated learned functions, without prior knowledge of the
generated learned functions suitability, or the like, and evaluating the generated learned
functions, in certain embodiments, the results module 102 may provide machine learning
ensembles or other machine learning program code that are customized and finely tuned
for a particular machine learning application, data from a specific client 104, or the like,
without excessive intervention or fine-tuning. The results module 102, in a further
embodiment, may generate and evaluate a large number of learned functions using
parallel computing on multiple processors, such as a massively parallel processing (MPP)
system or the like. Machine learning ensembles or other machine learning program code
are described in greater detail below with regard to Figure 2B, Figure 3, Figure 4, and
Figure 5.

[0069] The results module 102 may service machine learning requests to clients
104 locally, executing on the same host computing device as the results module 102, by
providing an API to clients 104, receiving function calls from clients 104, providing a
hardware command interface to clients 104, or otherwise providing a local channel 108 to
clients 104. In a further embodiment, the results module 102 may service machine

learning requests to clients 104 over a data network 106, such as a local area network
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(LAN), a wide area network (WAN) such as the Internet as a cloud service, a wireless
network, a wired network, or another data network 106.

[0070] In the system 100 of Figure 1A, a plurality of results modules 102 are
depicted in a collaborative configuration. One or more results modules 102 may operate
in a collaborative configuration on a single computing device or client 104 (e.g.,
receiving user input and presenting machine learning results and/or other parameters to
multiple users on a single device) or on multiple computing devices or clients 104 (e.g.,
receiving user input and presenting machine learning results and/or other parameters to
multiple users on multiple devices) as illustrated in the depicted embodiment. In other
embodiments, the system 100 may include a single results module 102 operating on a
single computing device, with or without a data network 106 and other clients 104.

[0071] In the depicted embodiment, the results modules 102 are in
communication over the data network 106 to display or otherwise present machine
learning results to multiple users using electronic display devices 110 of different client
computing devices 104, such as the depicted desktop computer, mobile phone, and tablet
devices. In the depicted embodiment, one result module 102A (e.g., a central, primary,
server, or master results module 102) displays collaborative group machine learning
results on a first electronic display device 110A, based on user input such as object
manipulations from several different users or client devices 104, while several additional
results modules 102B (e.g., secondary, client, follower results modules 102B) display
copies of the machine learning results, subsets of the machine learning results, or other
machine learning parameters on client electronic display devices 110B.

[0072] Different client devices 104, in the depicted embodiment, display different
subsets of the machine learning results or other parameters, which may include the input
and/or output of different machine learning ensembles or other machine learning program
code. For example, the results modules 102 may be used in a business meeting, a

boardroom, or the like, with representatives from different departments or business units
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each viewing and manipulating separate machine learning inputs, results, and/or other
parameters for machine learning ensembles or other machine learning program code
generated specifically for their respective departments or business units, using enterprise
data from the different departments or business units.

[0073] In a collaborative environment, the one or more results modules 102 may
display or otherwise present, on a primary electronic display device 110A or one or more
secondary electronic display devices 110B, an impact that an adjustment or manipulation
of a machine learning input, result, and/or other parameter made by one user or other
client 104 has on displayed machine learning results for another user or other client 104,
based on different machine learning ensembles or other program code. For example, a
user in a shipping department of a business may use a user interface of a results module
102 to propose a policy change, such as a change in shipping providers, a change in
shipping dates, or the like. The one or more results modules 102 may display or
otherwise present an impact of the proposed change of the shipping department to users
from other departments, such as a customer service department, a sales department, an
information technology (IT) department, or the like. In the example, a proposal to no
longer ship orders on weekends may increase a number of complaints to a customer
service department, decrease an effectiveness of an advertising campaign of a sales
department, or the like and the one or more results modules 102 may display/present
these impacts or other effects to one or more users on one or more electronic display
devices 110.

[0074] Figure 1B depicts one embodiment of a graphical display 120 provided by
a results module 102. In the depicted embodiment, the graphical display 120 comprises a
graphical table such as a spreadsheet that displays data values in rows 134a-n and
columns 122, 124, 126, 128, 130, 132. The columns 122, 124, 126, 128, 130, 132, in the
depicted embodiment, include inputs and outputs (e.g., parameters and/or results) for

machine learning, such as a machine learning ensemble or other machine learning
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program code, such as the depicted goal 122, first feature 124, second feature 126, action
128, target 130, and confidence metric 132 for each of a first instance 134a and a second
instance 134n (e.g., rows A-N). A results module 202 may provide the graphical display
120, and monitor the graphical display 120 for user input. In response to a user entering,
changing, and/or updating a data value for an entry in the table of the graphical display
120, a results module 202 may update other entries in the table according to the data
value provided by the user, using machine learning, such as the pre-computed and/or pre-
cached machine learning results described below with regard to the pre-compute module
208.

[0075] A data value in an entry for a column 122, 124, 126, 128, 130, 132 or
feature may comprise an attribute. Each column 122, 124, 126, 128, 130, 132 or feature
may be associated with or support a plurality of attributes, defined by minimum and
maximum values, data types (e.g., string, integer, boolean, character, float, or the like), a
set of defined values, or another set of attribute values. In certain embodiments, the
supported attribute values for a column 122, 124, 126, 128, 130, 132 or feature may
depend on a selected goal 122.

[0076] For example, in the depicted embodiment, the supported attributes or
values for the features 124, 126 vary based on the selected goal 122, with the first feature
124 of the first instance 134a comprising a zip code (e.g., a customer zip code, a store zip
code), the second feature 126 comprising an age group (e.g., a customer age group, a
target age group), the first feature 124 of the second instance 134n comprising a dollar
amount (e.g., a purchase amount, a profit amount, a goal amount, an action cost, a
budget), and the second feature 126 of the second instance 134n comprising an integer
value (e.g., a target group size, a number of sales, a number of actions).

[0077] In the depicted embodiment, the goals 122 comprise business goals or
desired outcomes, including goals 122 to double sales or to increase repeat purchases. A

goal 122, as used herein, may include a desired, intended, or selected outcome or result of
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one or more actions or, action plans, or other events. A goal 122 may include a business
goal (e.g., a sales goal, a marketing goal, a corporate goal, an IT goal, a customer service
goal, or the like) a personal goal, a medical goal, a fitness goal, a political goal, an
organization goal, a team goal, an economic goal, a short-term goal, a long-term goal, a
custom goal, a predefined goal, or another type of goal, based on a context in which the
one or more results modules 102 operate.

[0078] In one embodiment, a goal 122 may be associated with a machine learning
ensemble or other machine learning program code. For example, each supported goal
122 may be associated with or represent a different generated machine learning
ensemble, a different set of multiple machine learning ensembles, or the like. The
machine learning module 212, as described below, may generate machine learning
ensembles or other machine learning program code for different goals 122 based on a
user or organization’s own data, so that the one or more results modules 102 may also
display machine learning results customized and determined based on a user or
organization’s own historical data, customer data, or the like.

[0079] The one or more results modules 102, in certain embodiments, may allow
a user to adjust, change, or customize data entries for a goal 122, a feature 124, 126, an
action 128, a target 130, and/or a confidence metric 132 for one or more of the instances
134a-n. In one embodiment, a results module 102 may support user input for a single
column 122, 124, 126, 128, 130, 132 at a time per instance 134a-n, and may determine
and display associated machine learning parameters/results for the other columns 122,
124, 126, 128, 130, 132. In a further embodiment, a results module 102 may support user
input for up to all but one of the columns 122, 124, 126, 128, 130, 132 at a time per
instance 134a-n, and may determine and display associated machine learning
parameters/results for the one or more other columns 122, 124, 126, 128, 130, 132.

[0080] For example, in one embodiment, a user may select a goal 122 for an

instance 134a-n, may input a data value for one or more features 124, 126, and the results
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module 102 may determine and dynamically display a recommended action 128 to
achieve the goal 122, one or more targets 130 for the recommended action 128, and a
confidence metric 132 representing a likelihood that the recommended action 128 for the
one or more targets 130 will yield the associated goal 122. In the depicted embodiment,
the results module 102 has determined, using a results data structure or other machine
learning, has determined and displayed a first instance 134a, indicating that to achieve a
goal 122 of doubling sales for 18-25 year olds 126 in the 22313 zip code 124, a user
should perform an action 128 of offering a 20% off discount to a set of target 130
customers (indicated by the depicted drop-down list) including “bob@email.com” and
that the recommended action 128 has been determined to have a 74% likelihood of
success 132.

[0081] For the second instance 134n, in the depicted embodiment, the results
module 102 has determined and displayed that to achieve a goal 122 of creating or
increasing repeat buys for a total 124 of $12,000 additional sales, a user should send a
buy-one-get-one (BOGO) free email 128 to a target set 130 of 683,174 people 126 (e.g.,
from a customer list and/or database), including “sue@email.com” and others indicated
by the depicted drop-down list, and that the recommended action 128 has an associated
confidence metric 132 of 62%. The depicted instances 134a-n and features 122, 124,
126, 128, 130, 132 of Figure 1B are for purposes of illustration only, and other
embodiments may include different presentations and arrangements of machine learning
inputs, outputs, results, and/or other parameters.

[0082] In this manner, the one or more results modules 102 may provide a
spreadsheet or other table populated with machine learning inputs, outputs, results, and/or
other parameters and dynamically update the displayed parameters as a user provides user
input changing, updating, or adding data values for displayed parameters in the
spreadsheet or other table. In certain embodiments, the one or more results modules 102

may update displayed parameters substantially in real-time, using pre-computed or pre-
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cached machine learning inputs, outputs, results, and/or other parameters, thereby
providing an interactive data visualization for machine learning. The one or more results
modules 102 may display machine learning inputs, outputs, results, and/or other
parameters based on a user’s own data, enabling the user to visualize patterns and
relationships and to determine actions and goals based on the patterns and relationships.

[0083] Figure 1C depicts another embodiment of a graphical display 130
provided by the results module 102. In the depicted embodiment, the one or more results
modules 102 display machine learning inputs, results, and/or other parameters as objects
148, such as the displayed circles. In other embodiments, the one or more results
modules 102 may display machine learning inputs, results, and/or other parameters as one
or more other geometric shapes (e.g., squares, triangles, rectangles, ovals, stars, or the
like); as a graphical metaphor or image for a user, a business, or a product (e.g., an icon, a
logo, a product image, or the like); and/or as a dynamic interactive graph, chart, or plot
(e.g., a pie chart, bar chart, histogram, line chart, tree chart, scatter plot, or the like) that
dynamically reform or readjust with new values for machine learning inputs, results,
and/or other parameters based on user input.

[0084] In the depicted embodiment, the one or more results modules 102 display
a plurality of actions 142, each with associated machine learning parameters 144, an
overall goal 150 or outcome 150, and a displayed object 148. An action 142 of “email
20% oft” is selected in the depicted embodiment, with machine learning parameters 144
including an action count (e.g., size of a target set) of 480,880, a cost of $6,000 for
performing the action, a goal revenue of $500,000, a return on investment (ROI) of
$62,000, and a confidence metric of 60%. In the depicted embodiment, the “count”
machine learning parameter 144 is selected, and a slider 146 graphical user interface
element corresponding to the machine learning parameter 144 is displayed, allowing a
user to adjust the “count” machine learning parameter 144, changing the value from

480,880 to a different value. In other embodiments, a text box, one or more radio
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buttons, a dropdown list, checkboxes, or other graphical user interface elements may be
used to receive user input adjusting a machine learning parameter 144. In one
embodiment, the one or more results modules 102 may dynamically display a slider 146
or another graphical user interface element for whichever action 142 and/or machine
learning parameter 144 is currently selected or active (circumscribed with bold lines in
the depicted embodiment).

[0085] In the depicted embodiment, the one or more results modules 142 displays
a plurality of actions 142, that when taken, are predicted to cumulatively accomplish the
goal 150 or outcome 150, based on a machine learning analysis. In other embodiments,
the one or more results modules 102 may recommend a single action 142 for a goal 150,
predict multiple outcomes 150 or goals 150 for a single action 142, or the like.

[0086] In one embodiment, the one or more results modules 102 may receive user
input as user manipulation of a displayed object 148, such as an adjustment to a size of
the displayed object 148, an adjustment to a vertical position of the displayed object 148,
an adjustment to a horizontal position of the displayed object 148, an adjustment to an
opacity of the displayed object 148, an adjustment to a color of the displayed object 148,
an adjustment to a shape of displayed object 148, an adjustment to shading of displayed
object 148, a text entry in a text box for the displayed object 148, user interaction with an
animation for the displayed object 148, or the like.

[0087] Supported manipulations to a displayed object 148, in the depicted
embodiment, are each associated with a machine learning parameter 144 and each
different object 148 is associated with a different action 142. For example, a size of a
displayed object 148 may correspond to a size of a result set or target count for a machine
learning parameter 144, a vertical position (e.g., relative to the percentage scale of the Y
axis) of a displayed object 148 may correspond to an action count for a machine learning
parameter 144 or the like, a horizontal position (e.g., relative to the time scale of the X

axis) of a displayed object 148 may correspond to an execution time or date for a
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machine learning parameter 144 such as an action 142 or the like, an opacity, color,
shading, and/or border of a displayed object 142 may correspond to a confidence metric
for a machine learning parameter 144 or the like.

[0088] In embodiments where an electronic display device 110 comprises a
touchscreen or other touch interface, direct touch manipulation of a displayed object 148
(or mouse or keyboard manipulation, in embodiments without a touch interface) may
provide a user with an experiential understanding of the user’s data and associated
machine learning results, predictions, and/or recommendations, to a greater degree than
may otherwise be possible with a static list of numbers.

[0089] The one or more results modules 102 may dynamically update the
displayed actions 142, the displayed machine learning parameters 144, and/or the
displayed goal 150 or outcome in response to user input manipulating or adjusting one of
the values 142, 144, 148, 150. For example, if a user changes a value for a count, cost,
goal, ROI, confidence, or other attribute/machine learning parameter 144, such as
decreasing the displayed action count 144 for the “email 20% off” action, a results
module 102 may update attributes/machine learning parameters for other actions 142,
such as increasing action counts for one or more other actions 142, in an optimal machine
learning manner, to satisfy the goal 150 or outcome.

[0090] While a single screen view is illustrated in the depicted embodiment, in
certain embodiments, in response to double clicking, right clicking, touching and holding,
or another predefined user input to a graphical user interface element, the one or more
results modules 102 may display another screen view, with additional information
regarding a machine learning parameter 144, an action 142, a displayed object 148, or the
like. For example, the one or more results modules 102 may display a target list for one
or more actions 142, an action plan, or the like. In certain embodiments, the one or more
results modules 102 may display or provide an export button or other graphical user

interface element, and may export a target list, an action plan, and/or other information in
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a different format (e.g., text document, PDF, email, database file, spreadsheet, or the like)
in response to user input.

[0091] Figure 2A depicts another embodiment of the results module 102. In the
depicted embodiment, the results module 102 includes an input module 202, a display
module 204, and an update module 206.

[0092] In one embodiment, the input module 202 is configured to receive user
input identifying a value for a machine learning parameter. A machine learning
parameter, as used herein, may include an input for machine learning (e.g., an instance
for one or more features, an attribute for a feature, user workload data, business data,
customer data, enterprise data, or the like), an output for machine learning (e.g., a result,
a classification, a confidence metric, an inferred function, a regression function, an
answer, a prediction, a recognized pattern, a rule, a recommendation, an evaluation, an
action, or the like), a goal or action for which specific machine learning was generated, or
another data value associated with machine learning.

[0093] The input module 202, in a further embodiment, may receive user input as
an adjustment to a slider graphical user interface element corresponding to the machine
learning parameter, as a user entry in a graphical table, as a user manipulation of a
displayed object, or using another graphical user interface element. For example, the user
input may include an adjustment to a size of a displayed object, where the size of the
displayed object corresponds to a size of a result set for a machine learning parameter, or
the like; an adjustment to a vertical position of a displayed object where the vertical
position corresponds to an action count for a machine learning parameter, or the like; an
adjustment to a horizontal position of a displayed object where the horizontal position
corresponds to a time for a machine learning parameter, or the like; and/or an adjustment
to an opacity of a displayed object where the opacity corresponds to a confidence metric
for a machine learning parameter an adjustment to a color of a displayed object, an

adjustment to a shape of a displayed object, an adjustment to shading of a displayed
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object, a text entry in a text box for a displayed object, user interaction with an animation
for a displayed object, or the like.

[0094] In certain embodiments, the input module 202 is configured to receive
user input from multiple users (e.g., clients 104) identifying values for one or more
machine learning parameters for one or more predictive programs, such as the machine
learning ensembles described below. The input module may receive user input from
separate client devices for multiple users 104 over a data network 106, from a shared
interface for multiple users 104 on a single device, or the like as described above with
regard to Figure 1A. The input module 202, in certain embodiments, may cooperate with
an operating system, a device driver, an input/output (I/O) interface, or the like to receive
notification of user input, data values or manipulations of user input, or other user input
information.

[0095] In one embodiment, the display module 204 is configured to display one
or more machine learning inputs, outputs, results, or other parameters for an identified
machine learning parameter adjusted by a user or another client 104 in response to the
input module 202 receiving user input as described above. The machine learning module
212 described below may determine one or more machine learning results using machine
learning (e.g., a machine learning ensemble or another predictive program). The pre-
compute module 208 described below may pre-cache or store pre-computed or simulated
machine learning results, indexed by machine learning parameters, and the display
module 204 may cooperate with the pre-compute module 208 to locate machine learning
results for one or more identified machine learning parameters.

[0096] The display module 204, in certain embodiments, may be configured to
display one or more attributes of a data set used by the machine learning to determine the
one or more machine learning results and one or more impact metrics for each displayed
attribute, one or more of which may be stored by the pre-compute module 208 in a results

data structure, or the like. For example, the display module 204 may display a list,
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ranking, and/or statistics associated with specific features, instances, or other attributes
indicating how predictive an attribute was (e.g., an impact), what contribution an attribute
made to a result, a frequency that an attribute occurred, a coverage or range for an
attribute in the data set, or the like.

[0097] In one embodiment, a machine learning parameter comprises an input
and/or an output of the machine learning adjusted by user input. Machine learning
results, in certain embodiments, comprise an input and/or an output of the machine
learning determined based on an adjusted machine learning parameter. Therefore, a
machine learning parameter and/or a machine learning result may comprise an attribute
of a feature, a target value for a goal, an action relating to a goal, a confidence metric, a
target of an action, or the like as described above.

[0098] The display module 204, in certain embodiments, is configured to display
predetermined machine learning results to multiple users based on identified values. The
display module 204 may be configured to display one or more machine learning results as
entries in a graphical table, as an adjustment to a slider graphical user interface element,
as an attribute of a displayed object, or the like as described above. The display module
204, in certain embodiments, may provide animated replay and/or recording capabilities,
allowing a user to record visualizations of machine learning results and/or other
parameters for later viewing, preserving user manipulations and adjustments and updates
to the displayed visualizations by the update module 206. In a further embodiment, the
display module 204 may provide a graphical user interface element for scrubbing or
looping a display of machine learning results and/or other parameters. For example, the
display module 204 may provide a scrubbing slider which a user may drag to adjust a
time of an animated display of machine learning results, to re-watch or further interact
with the visualization and/or previous user input to machine learning parameters. Such
tools may supplement or improve the experiential nature of the visualization provided by

the display module 204.
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[0099] In one embodiment, the update module 206 is configured to dynamically
update one or more machine learning inputs, outputs, results, and/or other parameters
displayed by the display module 204. The update module 206 may updated displayed
machine learning inputs, outputs, results, and/or other parameters in response to the input
module 202 receiving additional user input identifying a value for a machine learning
parameter, such as an adjusted or updated value.

[0100] As described below with regard to the recommendation module 214, the
display module 204 may initially display recommended or optimal machine learning
inputs, outputs, results, or other parameters. The update module 206 may monitor user
input from the input module 202 to detect or otherwise receive user adjustments or
updates to displayed machine learning parameters. The update module 206 may
determine adjustments, updates, or other changes to the remaining machine learning
inputs, outputs, results, and/or other parameters based on the user input adjusting or
updating the displayed parameters.

[0101] As described below with regard to the pre-compute module, the update
module 206 may lookup adjusted or updated machine learning inputs, outputs, results,
and/or other parameters in a results data structure, to determine what adjustments or
updates to make to the displayed machine learning inputs, outputs, results, or other
parameters. In other embodiments, without a pre-compute module 208 or the like, the
update module 206 may input one or more machine learning parameters into machine
learning, such as a machine learning ensemble or other predictive program, to determine
adjustments or updates to make to the displayed machine learning inputs, outputs, results,
or other parameters, however processing data with machine learning during runtime of a
graphical user interface may be significantly slower (e.g., hours and/or days) than pre-
computing and/or pre-caching machine learning parameters and/or results.

[0102] Figure 2B depicts a further embodiment of the results module 102. In the

depicted embodiment, the results module 102 includes the input module 202, the display
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module 204, and the update module 206, and further includes a pre-compute module 208,
a predictive compiler module 210, a machine learning module 212, a recommendation
module 214, and a collaboration module 216.

[0103] In one embodiment, the pre-compute module 208 is configured to
predetermine, pre-compute, and/or pre-cache, using machine learning, permutations of
machine learning results and/or other machine learning parameters. For example, the
pre-compute module 208 may pre-compute and/or pre-cache machine learning results at
predefined increments (e.g., 1% increments, 5% increments, time based increments,
integer increments, or the like) between a minimum value for a machine learning
parameter and a maximum value for a machine learning parameter, or the like. In certain
embodiments, the pre-compute module 208 may simulate or predetermine permutations
of machine learning results prior to the input module 202 receiving user input (e.g., prior
to runtime for the input module 202), so that cached machine learning results are
available for the display module 204 to display.

[0104] In certain embodiments, the pre-compute module 208 may use actual
workload data, historical data, or the like from a user to pre-compute and/or pre-cache
machine learning results for the user. For example, the pre-compute module 208 may
process historical sales information, customer information, or the like for a user using
machine learning to pre-determine and cache machine learning results for a business goal
of the user. The pre-compute module 208 may fill-in, pad, or simulate missing values in
a user’s data, in order to pre-compute each possible machine learning result for the user.
In certain embodiments, the pre-compute module 208 may fill-in, pad, or simulate
missing values in a user’s data based on the user’s data, to maintain one or more existing
attributes of the data (e.g., percentage of customers with a specified gender, geographic
locations of customers, order amounts). For example, the pre-compute module 208 may
fill-in, pad, or simulate missing values by determining a most likely value for the missing

values using machine learning.
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[0105] The pre-compute module 208 may configured to cache predetermined
permutations of machine learning results for the update module 206 in a results data
structure indexed by machine learning parameters, facilitating lookups of machine
learning results for user-adjusted machine learning parameters. A results data structure
may comprise a lookup table, a tree, a linked list, a heap, a stack, or another indexable
data structure. The pre-compute module 208 may populate the results data structure prior
to the input module 202 receiving user input identifying a value for a machine learning
parameter, so that the display module 204 and/or the update module 206 may
dynamically display corresponding machine learning parameters and machine learning
results from the results data structure in response to user input selecting a value for a
machine learning parameter, a machine learning result, or the like.

[0106] The pre-compute module 208, in one embodiment, is configured to
predetermine, using multiple predictive programs such as machine learning ensembles or
the like, permutations of machine learning results for each of the predictive programs at
predefined increments between minimum values for machine learning parameters and
maximum values for the machine learning parameters. In this manner, the pre-compute
module 208 may allow the collaboration module 216 to determine the impact of changes
or adjustments to machine learning parameters on the machine learning results of other
predictive programs, in a collaborative environment or the like. For example, the pre-
compute module 208 may compare definitions of features, instances or attributes of
features, or the like for data from different users, for different machine learning
ensembles or predictive programs, and may determine which machine learning
parameters are the same (e.g., each data set includes a zip code or another common
feature or parameter).

[0107] In one embodiment, the predictive compiler module 210 is configured to
generate machine learning, such as a machine learning ensemble 222 with program code

for a plurality of learned functions from multiple machine learning classes, or the like, as
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described below. The program code generated by the predictive compiler module 210
may be configured to execute on a predictive virtual machine, on a host processor, or the
like to predict machine learning results based on one or more machine learning
parameters.

[0108] As described below with regard to Figures 3 and 4, the machine learning
module 212 may be configured to generate machine learning using a compiler/virtual
machine paradigm. The machine learning module 212 may generate a machine learning
ensemble with executable program code (e.g., program script instructions, assembly
code, byte code, object code, or the like) for multiple learned functions, a metadata rule
set, an orchestration module, or the like. The machine learning module 212 may provide
a predictive virtual machine or interpreter configured to execute the program code of a
machine learning ensemble with workload data to provide one or more machine learning
results.

[0109] In one embodiment, the machine learning module 212 is configured to
cooperate with the pre-compute module 208 or the like to determine machine learning
results from one or more machine learning ensembles 222a-b or other predictive
programs based on machine learning parameters.

[0110] In one embodiment, the recommendation module 214 is configured to
select a suggested or optimal set of machine learning results for the display module 204
to initially display to a user 104 prior to the input module 202 receiving user input, as a
set of default or recommended machine learning results or the like.

[0111] In one embodiment, the collaboration module 216 is configured to
determine an impact on one or more machine learning results based on different user
inputs received from different users, for multiple machine learning ensembles 222a-b or
other different predictive programs. For example, the input module 202 may be
configured to receive different user input from different users identifying different values

for different machine learning parameters. The display module 204 may be configured to
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display multiple sets of machine learning results to multiple users 104 and the update
module 206 may be configured to dynamically update displayed sets of one or more
machine learning results in response to user input from one or more users.

[0112] The collaboration module 216 may be configured to determine an impact
on machine learning results from one or more machine learning ensembles 222a-c or
other predictive programs based on an identified value for a machine learning parameter.
Different users may provide user input identifying values for different predictive
programs such as different machine learning ensembles 222. For example, users from
different corporate units or departments may each manipulate or adjust machine learning
parameters for a machine learning ensemble 222 or other predictive program for their
respective unit or department. The display module 204 may be configured to display the
impact on the machine learning results on a shared display 110 for multiple users, to
display machine learning results for different machine learning ensembles 222a-c or other
predictive programs on different displays 110A-B for multiple users, or the like.

[0113] Figure 3 depicts one embodiment of a machine learning module 212. The
machine learning module 212 of Figure 3, in certain embodiments, may be substantially
similar to the predictive compiler module 210 described above with regard to Figure 2B.
In the depicted embodiment, the machine learning module 212 includes a data receiver
module 300, a function generator module 301, a machine learning compiler module 302,
a feature selector module 304 a predictive correlation module 318, and a machine
learning ensemble 222. The machine learning compiler module 302, in the depicted
embodiment, includes a combiner module 306, an extender module 308, a synthesizer
module 310, a function evaluator module 312, a metadata library 314, and a function
selector module 316. The machine learning ensemble 222, in the depicted embodiment,
includes an orchestration module 320, a synthesized metadata rule set 322, and

synthesized learned functions 324.
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[0114] The data receiver module 300, in certain embodiments, is configured to
receive client data, such as training data, test data, workload data, or the like, from a
client 104, either directly or indirectly. The data receiver module 300, in various
embodiments, may receive data over a local channel 108 such as an API, a shared library,
a hardware command interface, or the like; over a data network 106 such as wired or
wireless LAN, WAN, the Internet, a serial connection, a parallel connection, or the like.
In certain embodiments, the data receiver module 300 may receive data indirectly from a
client 104 through an intermediate module that may pre-process, reformat, or otherwise
prepare the data for the machine learning module 212. The data receiver module 300
may support structured data, unstructured data, semi-structured data, or the like.

[0115] One type of data that the data receiver module 300 may receive, as part of
a new ensemble request or the like, is initialization data. The machine learning module
212, in certain embodiments, may use initialization data to train and test learned
functions from which the machine learning module 212 may build a machine learning
ensemble 222. Initialization data may comprise historical data, statistics, Big Data,
customer data, marketing data, computer system logs, computer application logs, data
networking logs, or other data that a client 104 provides to the data receiver module 300
with which to build, initialize, train, and/or test a machine learning ensemble 222.

[0116] Another type of data that the data receiver module 300 may receive, as
part of an analysis request or the like, is workload data. The machine learning module
212, in certain embodiments, may process workload data using a machine learning
ensemble 222 to obtain a result, such as a classification, a confidence metric, an inferred
function, a regression function, an answer, a prediction, a recognized pattern, a rule, a
recommendation, an evaluation, or the like. Workload data for a specific machine
learning ensemble 222, in one embodiment, has substantially the same format as the
initialization data used to train and/or evaluate the machine learning ensemble 222. For

example, initialization data and/or workload data may include one or more features. As
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used herein, a feature may comprise a column, category, data type, attribute,
characteristic, label, or other grouping of data. For example, in embodiments where
initialization data and/or workload data that is organized in a table format, a column of
data may be a feature. Initialization data and/or workload data may include one or more
instances of the associated features. In a table format, where columns of data are
associated with features, a row of data is an instance.

[0117] As described below with regard to Figure 4, in one embodiment, the data
receiver module 300 may maintain client data, such as initialization data and/or workload
data, in a data repository 406, where the function generator module 301, the machine
learning compiler module 302, or the like may access the data. In certain embodiments,
as described below, the function generator module 301 and/or the machine learning
compiler module 302 may divide initialization data into subsets, using certain subsets of
data as training data for generating and training learned functions and using certain
subsets of data as test data for evaluating generated learned functions.

[0118] The function generator module 301, in certain embodiments, is configured
to generate a plurality of learned functions based on training data from the data receiver
module 300. A learned function, as used herein, comprises a computer readable code that
accepts an input and provides a result. A learned function may comprise a compiled
code, a script, text, a data structure, a file, a function, or the like. In certain embodiments,
a learned function may accept instances of one or more features as input, and provide a
result, such as a classification, a confidence metric, an inferred function, a regression
function, an answer, a prediction, a recognized pattern, a rule, a recommendation, an
evaluation, or the like. In another embodiment, certain learned functions may accept
instances of one or more features as input, and provide a subset of the instances, a subset
of the one or more features, or the like as an output. In a further embodiment, certain
learned functions may receive the output or result of one or more other learned functions

as input, such as a Bayes classifier, a Boltzmann machine, or the like.
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[0119] The function generator module 301 may generate learned functions from
multiple different machine learning classes, models, or algorithms. For example, the
function generator module 301 may generate decision trees; decision forests; kernel
classifiers and regression machines with a plurality of reproducing kernels; non-kernel
regression and classification machines such as logistic, CART, multi-layer neural nets
with various topologies; Bayesian-type classifiers such as Naive Bayes and Boltzmann
machines; logistic regression; multinomial logistic regression; probit regression; AR;
MA; ARMA; ARCH; GARCH; VAR; survival or duration analysis; MARS; radial basis
functions; support vector machines; k-nearest neighbors; geospatial predictive modeling;
and/or other classes of learned functions.

[0120] In one embodiment, the function generator module 301 generates learned
functions pseudo-randomly, without regard to the effectiveness of the generated learned
functions, without prior knowledge regarding the suitability of the generated learned
functions for the associated training data, or the like. For example, the function generator
module 301 may generate a total number of learned functions that is large enough that at
least a subset of the generated learned functions are statistically likely to be effective. As
used herein, pseudo-randomly indicates that the function generator module 301 is
configured to generate learned functions in an automated manner, without input or
selection of learned functions, machine learning classes or models for the learned
functions, or the like by a Data Scientist, expert, or other user.

[0121] The function generator module 301, in certain embodiments, generates as
many learned functions as possible for a requested machine learning ensemble 222, given
one or more parameters or limitations. A client 104 may provide a parameter or
limitation for learned function generation as part of a new ensemble request or the like to
an interface module 402 as described below with regard to Figure 4, such as an amount of
time; an allocation of system resources such as a number of processor nodes or cores, or

an amount of volatile memory; a number of learned functions; runtime constraints on the
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requested ensemble 222 such as an indicator of whether or not the requested ensemble
222 should provide results in real-time; and/or another parameter or limitation from a
client 104.

[0122] The number of learned functions that the function generator module 301
may generate for building a machine learning ensemble 222 may also be limited by
capabilities of the system 100, such as a number of available processors or processor
cores, a current load on the system 100, a price of remote processing resources over the
data network 106; or other hardware capabilities of the system 100 available to the
function generator module 301. The function generator module 301 may balance the
hardware capabilities of the system 100 with an amount of time available for generating
learned functions and building a machine learning ensemble 222 to determine how many
learned functions to generate for the machine learning ensemble 222.

[0123] In one embodiment, the function generator module 301 may generate at
least 50 learned functions for a machine learning ensemble 222. In a further
embodiment, the function generator module 301 may generate hundreds, thousands, or
millions of learned functions, or more, for a machine learning ensemble 222. By
generating an unusually large number of learned functions from different classes without
regard to the suitability or effectiveness of the generated learned functions for training
data, in certain embodiments, the function generator module 301 ensures that at least a
subset of the generated learned functions, either individually or in combination, are
useful, suitable, and/or effective for the training data without careful curation and fine
tuning by a Data Scientist or other expert.

[0124] Similarly, by generating learned functions from different machine learning
classes without regard to the effectiveness or the suitability of the different machine
learning classes for training data, the function generator module 301, in certain
embodiments, may generate learned functions that are useful, suitable, and/or effective

for the training data due to the sheer amount of learned functions generated from the
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different machine learning classes. This brute force, trial-and-error approach to
generating learned functions, in certain embodiments, eliminates or minimizes the role of
a Data Scientist or other expert in generation of a machine learning ensemble 222.

[0125] The function generator module 301, in certain embodiments, divides
initialization data from the data receiver module 300 into various subsets of training data,
and may use different training data subsets, different combinations of multiple training
data subsets, or the like to generate different learned functions. The function generator
module 301 may divide the initialization data into training data subsets by feature, by
instance, or both. For example, a training data subset may comprise a subset of features
of initialization data, a subset of features of initialization data, a subset of both features
and instances of initialization data, or the like. Varying the features and/or instances used
to train different learned functions, in certain embodiments, may further increase the
likelihood that at least a subset of the generated learned functions are useful, suitable,
and/or effective. In a further embodiment, the function generator module 301 ensures
that the available initialization data is not used in its entirety as training data for any one
learned function, so that at least a portion of the initialization data is available for each
learned function as test data, which is described in greater detail below with regard to the
function evaluator module 312 of Figure 3.

[0126] In one embodiment, the function generator module 301 may also generate
additional learned functions in cooperation with the machine learning compiler module
302. The function generator module 301 may provide a learned function request
interface, allowing the machine learning compiler module 302 or another module, a client
104, or the like to send a learned function request to the function generator module 301
requesting that the function generator module 301 generate one or more additional
learned functions. In one embodiment, a learned function request may include one or
more attributes for the requested one or more learned functions. For example, a learned

function request, in various embodiments, may include a machine learning class for a
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requested learned function, one or more features for a requested learned function,
instances from initialization data to use as training data for a requested learned function,
runtime constraints on a requested learned function, or the like. In another embodiment,
a learned function request may identify initialization data, training data, or the like for
one or more requested learned functions and the function generator module 301 may
generate the one or more learned functions pseudo-randomly, as described above, based
on the identified data.

[0127] The machine learning compiler module 302, in one embodiment, is
configured to form a machine learning ensemble 222 using learned functions from the
function generator module 301. As used herein, a machine learning ensemble 222
comprises an organized set of a plurality of learned functions. Providing a classification,
a confidence metric, an inferred function, a regression function, an answer, a prediction, a
recognized pattern, a rule, a recommendation, or another result using a machine learning
ensemble 222, in certain embodiments, may be more accurate than using a single learned
function.

[0128] The machine learning compiler module 302 is described in greater detail
below with regard to Figure 3. The machine learning compiler module 302, in certain
embodiments, may combine and/or extend learned functions to form new learned
functions, may request additional learned functions from the function generator module
301, or the like for inclusion in a machine learning ensemble 222. In one embodiment,
the machine learning compiler module 302 evaluates learned functions from the function
generator module 301 using test data to generate evaluation metadata. The machine
learning compiler module 302, in a further embodiment, may evaluate combined learned
functions, extended learned functions, combined-extended learned functions, additional
learned functions, or the like using test data to generate evaluation metadata.

[0129] The machine learning compiler module 302, in certain embodiments,

maintains evaluation metadata in a metadata library 314, as described below with regard
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to Figures 3 and 4. The machine learning compiler module 302 may select learned
functions (e.g. learned functions from the function generator module 301, combined
learned functions, extended learned functions, learned functions from different machine
learning classes, and/or combined-extended learned functions) for inclusion in a machine
learning ensemble 222 based on the evaluation metadata. In a further embodiment, the
machine learning compiler module 302 may synthesize the selected learned functions
into a final, synthesized function or function set for a machine learning ensemble 222
based on evaluation metadata. The machine learning compiler module 302, in another
embodiment, may include synthesized evaluation metadata in a machine learning
ensemble 222 for directing data through the machine learning ensemble 222 or the like.

[0130] In one embodiment, the feature selector module 304 determines which
features of initialization data to use in the machine learning ensemble 222, and in the
associated learned functions, and/or which features of the initialization data to exclude
from the machine learning ensemble 222, and from the associated learned functions. As
described above, initialization data, and the training data and test data derived from the
initialization data, may include one or more features. Learned functions and the machine
learning ensembles 222 that they form are configured to receive and process instances of
one or more features. Certain features may be more predictive than others, and the more
features that the machine learning compiler module 302 processes and includes in the
generated machine learning ensemble 222, the more processing overhead used by the
machine learning compiler module 302, and the more complex the generated machine
learning ensemble 222 becomes. Additionally, certain features may not contribute to the
effectiveness or accuracy of the results from a machine learning ensemble 222, but may
simply add noise to the results.

[0131] The feature selector module 304, in one embodiment, cooperates with the
function generator module 301 and the machine learning compiler module 302 to

evaluate the effectiveness of various features, based on evaluation metadata from the
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metadata library 314 described below. For example, the function generator module 301
may generate a plurality of learned functions for various combinations of features, and
the machine learning compiler module 302 may evaluate the learned functions and
generate evaluation metadata. Based on the evaluation metadata, the feature selector
module 304 may select a subset of features that are most accurate or effective, and the
machine learning compiler module 302 may use learned functions that utilize the selected
features to build the machine learning ensemble 222. The feature selector module 304
may select features for use in the machine learning ensemble 222 based on evaluation
metadata for learned functions from the function generator module 301, combined
learned functions from the combiner module 306, extended learned functions from the
extender module 308, combined extended functions, synthesized learned functions from
the synthesizer module 310, or the like.

[0132] In a further embodiment, the feature selector module 304 may cooperate
with the machine learning compiler module 302 to build a plurality of different machine
learning ensembles 222 for the same initialization data or training data, each different
machine learning ensemble 222 utilizing different features of the initialization data or
training data. The machine learning compiler module 302 may evaluate each different
machine learning ensemble 222, using the function evaluator module 312 described
below, and the feature selector module 304 may select the machine learning ensemble
222 and the associated features which are most accurate or effective based on the
evaluation metadata for the different machine learning ensembles 222. In certain
embodiments, the machine learning compiler module 302 may generate tens, hundreds,
thousands, millions, or more different machine learning ensembles 222 so that the feature
selector module 304 may select an optimal set of features (e.g. the most accurate, most
effective, or the like) with little or no input from a Data Scientist, expert, or other user in

the selection process.
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[0133] In one embodiment, the machine learning compiler module 302 may
generate a machine learning ensemble 222 for each possible combination of features from
which the feature selector module 304 may select. In a further embodiment, the machine
learning compiler module 302 may begin generating machine learning ensembles 222
with a minimal number of features, and may iteratively increase the number of features
used to generate machine learning ensembles 222 until an increase in effectiveness or
usefulness of the results of the generated machine learning ensembles 222 fails to satisfy
a feature effectiveness threshold. By increasing the number of features until the increases
stop being effective, in certain embodiments, the machine learning compiler module 302
may determine a minimum effective set of features for use in a machine learning
ensemble 222, so that generation and use of the machine learning ensemble 222 is both
effective and efficient. The feature effectiveness threshold may be predetermined or hard
coded, may be selected by a client 104 as part of a new ensemble request or the like, may
be based on one or more parameters or limitations, or the like.

[0134] During the iterative process, in certain embodiments, once the feature
selector module 304 determines that a feature is merely introducing noise, the machine
learning compiler module 302 excludes the feature from future iterations, and from the
machine learning ensemble 222. In one embodiment, a client 104 may identify one or
more features as required for the machine learning ensemble 222, in a new ensemble
request or the like. The feature selector module 304 may include the required features in
the machine learning ensemble 222, and select one or more of the remaining optional
features for inclusion in the machine learning ensemble 222 with the required features.

[0135] In a further embodiment, based on evaluation metadata from the metadata
library 314, the feature selector module 304 determines which features from initialization
data and/or training data are adding noise, are not predictive, are the least effective, or the
like, and excludes the features from the machine learning ensemble 222. In other

embodiments, the feature selector module 304 may determine which features enhance the
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quality of results, increase effectiveness, or the like, and selects the features for the
machine learning ensemble 222.

[0136] In one embodiment, the feature selector module 304 causes the machine
learning compiler module 302 to repeat generating, combining, extending, and/or
evaluating learned functions while iterating through permutations of feature sets. At each
iteration, the function evaluator module 312 may determine an overall effectiveness of
the learned functions in aggregate for the current iteration's selected combination of
features. Once the feature selector module 304 identifies a feature as noise introducing,
the feature selector module may exclude the noisy feature and the machine learning
compiler module 302 may generate a machine learning ensemble 222 without the
excluded feature. In one embodiment, the predictive correlation module 318 determines
one or more features, instances of features, or the like that correlate with higher
confidence metrics (e.g. that are most effective in predicting results with high
confidence). The predictive correlation module 318 may cooperate with, be integrated
with, or otherwise work in concert with the feature selector module 304 to determine one
or more features, instances of features, or the like that correlate with higher confidence
metrics. For example, as the feature selector module 304 causes the machine learning
compiler module 302 to generate and evaluate learned functions with different sets of
features, the predictive correlation module 318 may determine which features and/or
instances of features correlate with higher confidence metrics, are most effective, or the
like based on metadata from the metadata library 314.

[0137] The predictive correlation module 318, in certain embodiments, is
configured to harvest metadata regarding which features correlate to higher confidence
metrics, to determine which feature was predictive of which outcome or result, or the
like. In one embodiment, the predictive correlation module 318 determines the
relationship of a feature's predictive qualities for a specific outcome or result based on

each instance of a particular feature. In other embodiments, the predictive correlation
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module 318 may determine the relationship of a feature’s predictive qualities based on a
subset of instances of a particular feature. For example, the predictive correlation module
318 may discover a correlation between one or more features and the confidence metric
of a predicted result by attempting different combinations of features and subsets of
instances within an individual feature's dataset, and measuring an overall impact on
predictive quality, accuracy, confidence, or the like. The predictive correlation module
318 may determine predictive features at various granularities, such as per feature, per
subset of features, per instance, or the like.

[0138] In one embodiment, the predictive correlation module 318 determines one
or more features with a greatest contribution to a predicted result or confidence metric as
the machine learning compiler module 302 forms the machine learning ensemble 222,
based on evaluation metadata from the metadata library 314, or the like. For example,
the machine learning compiler module 302 may build one or more synthesized learned
functions 324 that are configured to provide one or more features with a greatest
contribution as part of a result. In another embodiment, the predictive correlation module
318 may determine one or more features with a greatest contribution to a predicted result
or confidence metric dynamically at runtime as the machine learning ensemble 222
determines the predicted result or confidence metric. In such embodiments, the
predictive correlation module 318 may be part of, integrated with, or in communication
with the machine learning ensemble 222. The predictive correlation module 318 may
cooperate with the machine learning ensemble 222, such that the machine learning
ensemble 222 provides a listing of one or more features that provided a greatest
contribution to a predicted result or confidence metric as part of a response to an analysis
request.

[0139] In determining features that are predictive, or that have a greatest
contribution to a predicted result or confidence metric, the predictive correlation module

318 may balance a frequency of the contribution of a feature and/or an impact of the
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contribution of the feature. For example, a certain feature or set of features may
contribute to the predicted result or confidence metric frequently, for each instance or the
like, but have a low impact. Another feature or set of features may contribute relatively
infrequently, but has a very high impact on the predicted result or confidence metric (e.g.
provides at or near 100% confidence or the like). While the predictive correlation
module 318 is described herein as determining features that are predictive or that have a
greatest contribution, in other embodiments, the predictive correlation module 318 may
determine one or more specific instances of a feature that are predictive, have a greatest
contribution to a predicted result or confidence metric, or the like.

[0140] In the depicted embodiment, the machine learning compiler module 302
includes a combiner module 306. The combiner module 306 combines learned functions,
forming sets, strings, groups, trees, or clusters of combined learned functions. In certain
embodiments, the combiner module 306 combines learned functions into a prescribed
order, and different orders of learned functions may have different inputs, produce
different results, or the like. The combiner module 306 may combine learned functions
in different combinations. For example, the combiner module 306 may combine certain
learned functions horizontally or in parallel, joined at the inputs and at the outputs or the
like, and may combine certain learned functions vertically or in series, feeding the output
of one learned function into the input of another learned function.

[0141] The combiner module 306 may determine which learned functions to
combine, how to combine learned functions, or the like based on evaluation metadata for
the learned functions from the metadata library 314, generated based on an evaluation of
the learned functions using test data, as described below with regard to the function
evaluator module 312. The combiner module 306 may request additional learned
functions from the function generator module 301, for combining with other learned

functions. For example, the combiner module 306 may request a new learned function
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with a particular input and/or output to combine with an existing learned function, or the
like.

[0142] While the combining of learned functions may be informed by evaluation
metadata for the learned functions, in certain embodiments, the combiner module 306
combines a large number of learned functions pseudo-randomly, forming a large number
of combined functions. For example, the combiner module 306, in one embodiment, may
determine each possible combination of generated learned functions, as many
combinations of generated learned functions as possible given one or more limitations or
constraints, a selected subset of combinations of generated learned functions, or the like,
for evaluation by the function evaluator module 312. In certain embodiments, by
generating a large number of combined learned functions, the combiner module 306 is
statistically likely to form one or more combined learned functions that are useful and/or
effective for the training data.

[0143] In the depicted embodiment, the machine learning compiler module 302
includes an extender module 308. The extender module 308, in certain embodiments, is
configured to add one or more layers to a learned function. For example, the extender
module 308 may extend a learned function or combined learned function by adding a
probabilistic model layer, such as a Bayesian belief network layer, a Bayes classifier
layer, a Boltzman layer, or the like.

[0144] Certain classes of learned functions, such as probabilistic models, may be
configured to receive either instances of one or more features as input, or the output
results of other learned functions, such as a classification and a confidence metric, an
inferred function, a regression function, an answer, a prediction, a recognized pattern, a
rule, a recommendation, an evaluation, or the like. The extender module 308 may use
these types of learned functions to extend other learned functions. The extender module
308 may extend learned functions generated by the function generator module 301

directly, may extend combined learned functions from the combiner module 306, may
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extend other extended learned functions, may extend synthesized learned functions from
the synthesizer module 310, or the like.

[0145] In one embodiment, the extender module 308 determines which learned
functions to extend, how to extend learned functions, or the like based on evaluation
metadata from the metadata library 314. The extender module 308, in certain
embodiments, may request one or more additional learned functions from the function
generator module 301 and/or one or more additional combined learned functions from the
combiner module 306, for the extender module 308 to extend.

[0146] While the extending of learned functions may be informed by evaluation
metadata for the learned functions, in certain embodiments, the extender module 308
generates a large number of extended learned functions pseudo-randomly. For example,
the extender module 308, in one embodiment, may extend each possible learned function
and/or combination of learned functions, may extend a selected subset of learned
functions, may extend as many learned functions as possible given one or more
limitations or constraints, or the like, for evaluation by the function evaluator module
312. In certain embodiments, by generating a large number of extended learned
functions, the extender module 308 is statistically likely to form one or more extended
learned functions and/or combined extended learned functions that are useful and/or
effective for the training data.

[0147] In the depicted embodiment, the machine learning compiler module 302
includes a synthesizer module 310. The synthesizer module 310, in certain embodiments,
is configured to organize a subset of learned functions into the machine learning
ensemble 222, as synthesized learned functions 324. In a further embodiment, the
synthesizer module 310 includes evaluation metadata from the metadata library 314 of
the function evaluator module 312 in the machine learning ensemble 222 as a synthesized

metadata rule set 322, so that the machine learning ensemble 222 includes synthesized
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learned functions 324 and evaluation metadata, the synthesized metadata rule set 322, for
the synthesized learned functions 324.

[0148] The learned functions that the synthesizer module 310 synthesizes or
organizes into the synthesized learned functions 324 of the machine learning ensemble
222, may include learned functions directly from the function generator module 301,
combined learned functions from the combiner module 306, extended learned functions
from the extender module 308, combined extended learned functions, or the like. As
described below, in one embodiment, the function selector module 316 selects the learned
functions for the synthesizer module 310 to include in the machine learning ensemble
222. In certain embodiments, the synthesizer module 310 organizes learned functions by
preparing the learned functions and the associated evaluation metadata for processing
workload data to reach a result. For example, as described below, the synthesizer module
310 may organize and/or synthesize the synthesized learned functions 324 and the
synthesized metadata rule set 322 for the orchestration module 320 to use to direct
workload data through the synthesized learned functions 324 to produce a result.

[0149] In one embodiment, the function evaluator module 312 evaluates the
synthesized learned functions 324 that the synthesizer module 310 organizes, and the
synthesizer module 310 synthesizes and/or organizes the synthesized metadata rule set
322 based on evaluation metadata that the function evaluation module 312 generates
during the evaluation of the synthesized learned functions 324, from the metadata library
314 or the like.

[0150] In the depicted embodiment, the machine learning compiler module 302
includes a function evaluator module 312. The function evaluator module 312 is
configured to evaluate learned functions using test data, or the like. The function
evaluator module 312 may evaluate learned functions generated by the function generator
module 301, learned functions combined by the combiner module 306 described above,

learned functions extended by the extender module 308 described above, combined
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extended learned functions, synthesized learned functions 324 organized into the machine
learning ensemble 222 by the synthesizer module 310 described above, or the like.

[0151] Test data for a learned function, in certain embodiments, comprises a
different subset of the initialization data for the learned function than the function
generator module 301 used as training data. The function evaluator module 312, in one
embodiment, evaluates a learned function by inputting the test data into the learned
function to produce a result, such as a classification, a confidence metric, an inferred
function, a regression function, an answer, a prediction, a recognized pattern, a rule, a
recommendation, an evaluation, or another result.

[0152] Test data, in certain embodiments, comprises a subset of initialization
data, with a feature associated with the requested result removed, so that the function
evaluator module 312 may compare the result from the learned function to the instances
of the removed feature to determine the accuracy and/or effectiveness of the learned
function for each test instance. For example, if a client 104 has requested a machine
learning ensemble 222 to predict whether a customer will be a repeat customer, and
provided historical customer information as initialization data, the function evaluator
module 312 may input a test data set comprising one or more features of the initialization
data other than whether the customer was a repeat customer into the learned function, and
compare the resulting predictions to the initialization data to determine the accuracy
and/or effectiveness of the learned function.

[0153] The function evaluator module 312, in one embodiment, is configured to
maintain evaluation metadata for an evaluated learned function in the metadata library
314. The evaluation metadata, in certain embodiments, comprises log data generated by
the function generator module 301 while generating learned functions, the function
evaluator module 312 while evaluating learned functions, or the like.

[0154] In one embodiment, the evaluation metadata includes indicators of one or

more training data sets that the function generator module 301 used to generate a learned
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function. The evaluation metadata, in another embodiment, includes indicators of one or
more test data sets that the function evaluator module 312 used to evaluate a learned
function. In a further embodiment, the evaluation metadata includes indicators of one or
more decisions made by and/or branches taken by a learned function during an evaluation
by the function evaluator module 312. The evaluation metadata, in another embodiment,
includes the results determined by a learned function during an evaluation by the function
evaluator module 312. In one embodiment, the evaluation metadata may include
evaluation metrics, learning metrics, effectiveness metrics, convergence metrics, or the
like for a learned function based on an evaluation of the learned function. An evaluation
metric, learning metrics, effectiveness metric, convergence metric, or the like may be
based on a comparison of the results from a learned function to actual values from
initialization data, and may be represented by a correctness indicator for each evaluated
instance, a percentage, a ratio, or the like. Different classes of learned functions, in
certain embodiments, may have different types of evaluation metadata.

[0155] The metadata library 314, in one embodiment, provides evaluation
metadata for learned functions to the feature selector module 304, the predictive
correlation module 318, the combiner module 306, the extender module 308, and/or the
synthesizer module 310. The metadata library 314 may provide an API, a shared library,
one or more function calls, or the like providing access to evaluation metadata. The
metadata library 314, in various embodiments, may store or maintain evaluation metadata
in a database format, as one or more flat files, as one or more lookup tables, as a
sequential log or log file, or as one or more other data structures. In one embodiment, the
metadata library 314 may index evaluation metadata by learned function, by feature, by
instance, by training data, by test data, by effectiveness, and/or by another category or
attribute and may provide query access to the indexed evaluation metadata. The function
evaluator module 312 may update the metadata library 314 in response to each evaluation

of a learned function, adding evaluation metadata to the metadata library 314 or the like.
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[0156] The function selector module 316, in certain embodiments, may use
evaluation metadata from the metadata library 314 to select learned functions for the
combiner module 306 to combine, for the extender module 308 to extend, for the
synthesizer module 310 to include in the machine learning ensemble 222, or the like. For
example, in one embodiment, the function selector module 316 may select learned
functions based on evaluation metrics, learning metrics, effectiveness metrics,
convergence metrics, or the like. In another embodiment, the function selector module
316 may select learned functions for the combiner module 306 to combine and/or for the
extender module 308 to extend based on features of training data used to generate the
learned functions, or the like.

[0157] The machine learning ensemble 222, in certain embodiments, provides
machine learning results for an analysis request by processing workload data of the
analysis request using a plurality of learned functions (e.g., the synthesized learned
functions 324). As described above, results from the machine learning ensemble 222, in
various embodiments, may include a classification, a confidence metric, an inferred
function, a regression function, an answer, a prediction, a recognized pattern, a rule, a
recommendation, an evaluation, and/or another result. For example, in one embodiment,
the machine learning ensemble 222 provides a classification and a confidence metric for
each instance of workload data input into the machine learning ensemble 222, or the like.
Workload data, in certain embodiments, may be substantially similar to test data, but the
missing feature from the initialization data is not known, and is to be solved for by the
machine learning ensemble 222. A classification, in certain embodiments, comprises a
value for a missing feature in an instance of workload data, such as a prediction, an
answer, or the like. For example, if the missing feature represents a question, the
classification may represent a predicted answer, and the associated confidence metric
may be an estimated strength or accuracy of the predicted answer. A classification, in

certain embodiments, may comprise a binary value (e.g., yes or no), a rating on a scale
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(e.g., 4 on a scale of 1 to 5), or another data type for a feature. A confidence metric, in
certain embodiments, may comprise a percentage, a ratio, a rating on a scale, or another
indicator of accuracy, effectiveness, and/or confidence.

[0158] In the depicted embodiment, the machine learning ensemble 222 includes
an orchestration module 320. The orchestration module 320, in certain embodiments, is
configured to direct workload data through the machine learning ensemble 222 to
produce a result, such as a classification, a confidence metric, an inferred function, a
regression function, an answer, a prediction, a recognized pattern, a rule, a
recommendation, an evaluation, and/or another result. In one embodiment, the
orchestration module 320 uses evaluation metadata from the function evaluator module
312 and/or the metadata library 314, such as the synthesized metadata rule set 322, to
determine how to direct workload data through the synthesized learned functions 324 of
the machine learning ensemble 222. As described below with regard to Figure 8, in
certain embodiments, the synthesized metadata rule set 322 comprises a set of rules or
conditions from the evaluation metadata of the metadata library 314 that indicate to the
orchestration module 320 which features, instances, or the like should be directed to
which synthesized learned function 324.

[0159] For example, the evaluation metadata from the metadata library 314 may
indicate which learned functions were trained using which features and/or instances, how
effective different learned functions were at making predictions based on different
features and/or instances, or the like. The synthesizer module 310 may use that
evaluation metadata to determine rules for the synthesized metadata rule set 322,
indicating which features, which instances, or the like the orchestration module 320 the
orchestration module 320 should direct through which learned functions, in which order,
or the like. The synthesized metadata rule set 322, in one embodiment, may comprise a

decision tree or other data structure comprising rules which the orchestration module 320
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may follow to direct workload data through the synthesized learned functions 324 of the
machine learning ensemble 222.

[0160] Figure 4 depicts one embodiment of a system 400 for a machine learning
factory. The system 400, in the depicted embodiment, includes several clients 404 in
communication with an interface module 402 either locally or over a data network 106.
The machine learning module 212 of Figure 4 is substantially similar to the machine
learning module 212 of Figure 3, but further includes an interface module 402 and a data
repository 406.

[0161] The interface module 402, in certain embodiments, is configured to
receive requests from clients 404, to provide results to a client 404, or the like. The
machine learning module 212, for example, may act as a client 404, requesting a machine
learning ensemble 222 from the interface module 402 or the like. The interface module
402 may provide a machine learning interface to clients 404, such as an API, a shared
library, a hardware command interface, or the like, over which clients 404 may make
requests and receive results. The interface module 402 may support new ensemble
requests from clients 404, allowing clients 404 to request generation of a new machine
learning ensemble 222 from the machine learning module 212 or the like. As described
above, a new ensemble request may include initialization data; one or more ensemble
parameters; a feature, query, question or the like for which a client 404 would like a
machine learning ensemble 222 to predict a result; or the like. The interface module 402
may support analysis requests for a result from a machine learning ensemble 222. As
described above, an analysis request may include workload data; a feature, query,
question or the like; a machine learning ensemble 222; or may include other analysis
parameters.

[0162] In certain embodiments, the machine learning module 212 may maintain a
library of generated machine learning ensembles 222, from which clients 404 may

request results. In such embodiments, the interface module 402 may return a reference,
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pointer, or other identifier of the requested machine learning ensemble 222 to the
requesting client 404, which the client 404 may use in analysis requests. In another
embodiment, in response to the machine learning module 212 generating a machine
learning ensemble 222 to satisfy a new ensemble request, the interface module 402 may
return the actual machine learning ensemble 222 to the client 404, for the client 404 to
manage, and the client 404 may include the machine learning ensemble 222 in each
analysis request.

[0163] The interface module 402 may cooperate with the machine learning
module 212 to service new ensemble requests, may cooperate with the machine learning
ensemble 222 to provide a result to an analysis request, or the like. The machine learning
module 212, in the depicted embodiment, includes the function generator module 301,
the feature selector module 304, the predictive correlation module 318, and the machine
learning compiler module 302, as described above. The machine learning module 212, in
the depicted embodiment, also includes a data repository 406,

[0164] The data repository 406, in one embodiment, stores initialization data, so
that the function generator module 301, the feature selector module 304, the predictive
correlation module 318, and/or the machine learning compiler module 302 may access
the initialization data to generate, combine, extend, evaluate, and/or synthesize learned
functions and machine learning ensembles 222. The data repository 406 may provide
initialization data indexed by feature, by instance, by training data subset, by test data
subset, by new ensemble request, or the like. By maintaining initialization data in a data
repository 406, in certain embodiments, the machine learning module 212 ensures that
the initialization data is accessible throughout the machine learning ensemble 222
building process, for the function generator module 301 to generate learned functions, for
the feature selector module 304 to determine which features should be used in the
machine learning ensemble 222, for the predictive correlation module 318 to determine

which features correlate with the highest confidence metrics, for the combiner module
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306 to combine learned functions, for the extender module 308 to extend learned
functions, for the function evaluator module 312 to evaluate learned functions, for the
synthesizer module 310 to synthesize learned functions 324 and/or metadata rule sets
322, or the like.

[0165] In the depicted embodiment, the data receiver module 300 is integrated
with the interface module 402, to receive initialization data, including training data and
test data, from new ensemble requests. The data receiver module 300 stores initialization
data in the data repository 406. The function generator module 301 is in communication
with the data repository 406, in one embodiment, so that the function generator module
301 may generate learned functions based on training data sets from the data repository
406. The feature selector module 300 and/or the predictive correlation module 318, in
certain embodiments, may cooperate with the function generator module 301 and/or the
machine learning compiler module 302 to determine which features to use in the machine
learning ensemble 222, which features are most predictive or correlate with the highest
confidence metrics, or the like.

[0166] Within the machine learning compiler module 302, the combiner module
306, the extender module 308, and the synthesizer module 310 are each in
communication with both the function generator module 301 and the function evaluator
module 312. The function generator module 301, as described above, may generate an
initial large amount of learned functions, from different classes or the like, which the
function evaluator module 312 evaluates using test data sets from the data repository 406.
The combiner module 306 may combine different learned functions from the function
generator module 301 to form combined learned functions, which the function evaluator
module 312 evaluates using test data from the data repository 406. The combiner module
306 may also request additional learned functions from the function generator module

301.
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[0167] The extender module 308, in one embodiment, extends learned functions
from the function generator module 301 and/or the combiner module 306. The extender
module 308 may also request additional learned functions from the function generator
module 301. The function evaluator module 312 evaluates the extended learned
functions using test data sets from the data repository 406. The synthesizer module 310
organizes, combines, or otherwise synthesizes learned functions from the function
generator module 301, the combiner module 306, and/or the extender module 308 into
synthesized learned functions 324 for the machine learning ensemble 222. The function
evaluator module 312 evaluates the synthesized learned functions 324, and the
synthesizer module 310 organizes or synthesizes the evaluation metadata from the
metadata library 314 into a synthesized metadata rule set 322 for the synthesized learned
functions 324.

[0168] As described above, as the function evaluator module 312 evaluates
learned functions from the function generator module 301, the combiner module 306, the
extender module 308, and/or the synthesizer module 310, the function evaluator module
312 generates evaluation metadata for the learned functions and stores the evaluation
metadata in the metadata library 314. In the depicted embodiment, in response to an
evaluation by the function evaluator module 312, the function selector module 316
selects one or more learned functions based on evaluation metadata from the metadata
library 314. For example, the function selector module 316 may select learned functions
for the combiner module 306 to combine, for the extender module 308 to extend, for the
synthesizer module 310 to synthesize, or the like.

[0169] Figure 5 depicts one embodiment 500 of learned functions 502, 504, 506
for a machine learning ensemble 222. The learned functions 502, 504, 506 are presented
by way of example, and in other embodiments, other types and combinations of learned
functions may be used, as described above. Further, in other embodiments, the machine

learning ensemble 222 may include an orchestration module 320, a synthesized metadata
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rule set 322, or the like. In one embodiment, the function generator module 301
generates the learned functions 502. The learned functions 502, in the depicted
embodiment, include various collections of selected learned functions 502 from different
classes including a collection of decision trees 502a, configured to receive or process a
subset A-F of the feature set of the machine learning ensemble 222, a collection of
support vector machines (“SVMs”) 502b with certain kernels and with an input space
configured with particular subsets of the feature set G-L, and a selected group of
regression models 502c, here depicted as a suite of single layer (“SL”) neural nets trained
on certain feature sets K-N.

[0170] The example combined learned functions 504, combined by the combiner
module 306 or the like, include various instances of forests of decision trees 504a
configured to receive or process features N-S, a collection of combined trees with support
vector machine decision nodes 504b with specific kernels, their parameters and the
features used to define the input space of features T-U, as well as combined functions
504c in the form of trees with a regression decision at the root and linear, tree node
decisions at the leaves, configured to receive or process features L-R.

[0171] Component class extended learned functions 506, extended by the
extender module 308 or the like, include a set of extended functions such as a forest of
trees 506a with tree decisions at the roots and various margin classifiers along the
branches, which have been extended with a layer of Boltzman type Bayesian probabilistic
classifiers. Extended learned function 506b includes a tree with various regression
decisions at the roots, a combination of standard tree 504b and regression decision tree
504c and the branches are extended by a Bayes classifier layer trained with a particular
training set exclusive of those used to train the nodes.

[0172] Figure 6 depicts one embodiment of a method 600 for a machine learning
factory. The method 600 begins, and the data receiver module 300 receives 602 training

data. The function generator module 301 generates 604 a plurality of learned functions
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from multiple classes based on the received 602 training data. The machine learning
compiler module 302 forms 606 a machine learning ensemble comprising a subset of
learned functions from at least two classes, and the method 600 ends.

[0173] Figure 7 depicts another embodiment of a method 700 for a machine
learning factory. The method 700 begins, and the interface module 402 monitors 702
requests until the interface module 402 receives 702 an analytics request from a client
404 or the like.

[0174] If the interface module 402 receives 702 a new ensemble request, the data
receiver module 300 receives 704 training data for the new ensemble, as initialization
data or the like. The function generator module 301 generates 706 a plurality of learned
functions based on the received 704 training data, from different machine learning
classes. The function evaluator module 312 evaluates 708 the plurality of generated 706
learned functions to generate evaluation metadata. The combiner module 306 combines
710 learned functions based on the metadata from the evaluation 708. The combiner
module 306 may request that the function generator module 301 generate 712 additional
learned functions for the combiner module 306 to combine.

[0175] The function evaluator module 312 evaluates 714 the combined 710
learned functions and generates additional evaluation metadata. The extender module
308 extends 716 one or more learned functions by adding one or more layers to the one
or more learned functions, such as a probabilistic model layer or the like. In certain
embodiments, the extender module 308 extends 716 combined 710 learned functions
based on the evaluation 712 of the combined learned functions. The extender module
308 may request that the function generator module 301 generate 718 additional learned
functions for the extender module 308 to extend. The function evaluator module 312
evaluates 720 the extended 716 learned functions. The function selector module 316

selects 722 at least two learned functions, such as the generated 706 learned functions,
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the combined 710 learned functions, the extended 716 learned functions, or the like,
based on evaluation metadata from one or more of the evaluations 708, 714, 720.

[0176] The synthesizer module 310 synthesizes 724 the selected 722 learned
functions into synthesized learned functions 324. The function evaluator module 312
evaluates 726 the synthesized learned functions 324 to generate a synthesized metadata
rule set 322. The synthesizer module 310 organizes 728 the synthesized 724 learned
functions 324 and the synthesized metadata rule set 322 into a machine learning
ensemble 222. The interface module 402 provides 730 a result to the requesting client
404, such as the machine learning ensemble 222, a reference to the machine learning
ensemble 222, an acknowledgment, or the like, and the interface module 402 continues to
monitor 702 requests.

[0177] If the interface module 402 receives 702 an analysis request, the data
receiver module 300 receives 732 workload data associated with the analysis request.
The orchestration module 320 directs 734 the workload data through a machine learning
ensemble 222 associated with the received 702 analysis request to produce a result, such
as a classification, a confidence metric, an inferred function, a regression function, an
answer, a recognized pattern, a recommendation, an evaluation, and/or another result.
The interface module 402 provides 730 the produced result to the requesting client 404,
and the interface module 402 continues to monitor 702 requests.

[0178] Figure 8 depicts one embodiment of a method 800 for directing data
through a machine learning ensemble. The specific synthesized metadata rule set 322 of
the depicted method 800 is presented by way of example only, and many other rules and
rule sets may be used.

[0179] A new instance of workload data is presented 802 to the machine learning
ensemble 222 through the interface module 402. The data is processed through the data
receiver module 300 and configured for the particular analysis request as initiated by a

client 404. In this embodiment the orchestration module 320 evaluates a certain set of
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features associates with the data instance against a set of thresholds contained within the
synthesized metadata rule set 322.

[0180] A binary decision 804 passes the instance to, in one case, a certain
combined and extended function 806 configured for features A-F or in the other case a
different, parallel combined function 808 configured to predict against a feature set G-M.
In the first case 806, if the output confidence passes 810 a certain threshold as given by
the meta-data rule set the instance is passed to a synthesized, extended regression
function 814 for final evaluation, else the instance is passed to a combined collection 8§16
whose output is a weighted voted based processing a certain set of features. In the second
case 808 a different combined function 812 with a simple vote output results in the
instance being evaluated by a set of base learned functions extended by a Boltzman type
extension 818 or, if a prescribed threshold is meet the output of the synthesized function
is the simple vote. The interface module 402 provides 8§20 the result of the orchestration
module directing workload data through the machine learning ensemble 222 to a
requesting client 404 and the method 800 continues.

[0181] Figure 9 depicts one embodiment of a method 900 for machine learning
results. The method 900 begins and an input module 202 receives 902 user input
identifying a value for a machine learning parameter. A display module 204 displays 904
one or more machine learning results for the identified 902 machine learning parameter
in response to the input module 202 receiving 902 the user input. The one or more
machine learning results may be determined by a machine learning module 212 using
machine learning, cached by a pre-compute module 208 in a results data structure, and
retrieved using the identified 902 machine learning parameter, or the like. An update
module 206 dynamically updates 906 the displayed 904 one or more machine learning
results in response to the input module 202 receiving additional user input identifying an

additional value for the machine learning parameter and the method 900 ends.
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[0182] Figure 10 depicts one embodiment of a method 1000 for machine learning
results. The method 1000 begins and a pre-compute module 208 inputs 1002
permutations of machine learning parameters incrementally between minimum values for
the machine learning parameters and maximum values for the machine learning
parameters into a predictive program 222. A machine learning module 212 determines
1004 machine learning results from the predictive program 222 for the input 1002
permutations of the machine learning parameters. The pre-compute module 208
populates 1006 a results data structure with the determined 1004 machine learning results
indexed by the machine learning parameters and the method 1000 ends.

[0183] Figure 11 depicts one embodiment of a method 1100 for machine learning
results. The method 1100 begins and a pre-compute module 208 inputs 1102
permutations of machine learning parameters incrementally between minimum values for
the machine learning parameters and maximum values for the machine learning
parameters into a predictive program 222. A machine learning module 212 determines
1104 machine learning results from the predictive program 222 for the input 1102
permutations of the machine learning parameters. The pre-compute module 208
populates 1106 a results data structure with the determined 1104 machine learning results
indexed by the machine learning parameters.

[0184] An input module 202 receives 1108 user input identifying a value for a
machine learning parameter. A display module 204 displays 1110 one or more machine
learning results for the identified 1108 machine learning parameter in response to the
input module 202 receiving 1108 the user input. The one or more machine learning
results may be determined by a machine learning module 212 using machine learning,
cached by a pre-compute module 208 in a results data structure, and retrieved using the
identified 1108 machine learning parameter, or the like. An update module 206

dynamically updates 1112 the displayed 1110 one or more machine learning results in
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response to the input module 202 receiving additional user input identifying an additional
value for the machine learning parameter and the method 1100 ends.

[0185] The present disclosure may be embodied in other specific forms without
departing from its spirit or essential characteristics. The described embodiments are to be
considered in all respects only as illustrative and not restrictive. The scope of the
disclosure is, therefore, indicated by the appended claims rather than by the foregoing
description. All changes which come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

[0186] What is claimed is:
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1.

An apparatus for machine learning results, the apparatus comprising:

an input module configured to receive user input identifying one or more
values for one or more machine learning parameters;

a display module configured to display one or more machine learning
results for the one or more identified machine learning parameters,
the one or more machine learning results determined using
machine learning; and

an update module configured to dynamically update the displayed one or
more machine learning results in response to the input module
receiving additional user input identifying one or more additional

values for the one or more machine learning parameters.

The apparatus of claim 1, further comprising a pre-compute module configured to
predetermine, using the machine learning, permutations of the machine learning
results at predefined increments between a minimum value for the one or more
machine learning parameters and a maximum value for the one or more machine

learning parameters, prior to the input module receiving the user input.

The apparatus of claim 2, wherein the pre-compute module is configured to cache
the predetermined permutations of the machine learning results for the update
module in a results data structure indexed by the one or more machine learning

parameters.
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The apparatus of claim 3, wherein the pre-compute module is configured to
determine the machine learning results by looking up the machine learning results

in the results data structure using the one or more machine learning parameters.

The apparatus of claim 1, wherein the display module is configured to display one
or more attributes of a data set used by the machine learning to determine the one
or more machine learning results and one or more impact metrics for each

displayed attribute.

The apparatus of claim 1, further comprising a predictive compiler module
configured to generate the machine learning, the machine learning comprising
program code for a plurality of learned functions from multiple machine learning
classes, the program code generated by the predictive compiler module to predict
the machine learning results based on the one or more machine learning

parameters.

The apparatus of claim 1, further comprising a recommendation module
configured to select a suggested set of machine learning results, the display
module configured to display the suggested set of machine learning results to the

user prior to the input module receiving the user input.
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10.

11.

12.

13.

The apparatus of claim 1, wherein the one or more machine learning parameters
comprise one or more of an input and an output of the machine learning adjusted
by the user input and the machine learning results comprise one or more of an
input and an output of the machine learning determined based on the adjusted one

or more machine learning parameters.

The apparatus of claim 1, wherein the one or more machine learning parameters
comprise one or more of an attribute of a feature, a target value for a goal, an

action relating to a goal, a confidence metric, and a target of an action.

The apparatus of claim 1, wherein the machine learning results comprise one or
more of an attribute of a feature, a target value for a goal, an action relating to a

goal, a confidence metric, and a target of an action.

The apparatus of claim 1, wherein the input module is configured to receive the
user input as an adjustment to a slider graphical user interface element

corresponding to the one or more machine learning parameters.

The apparatus of claim 1, wherein the input module is configured to receive the
user input as a user entry in a graphical table and the display module is configured
to display the one or more machine learning results as entries in the graphical

table.

The apparatus of claim 1, wherein the input module is configured to receive the

user input as a user manipulation of a displayed object.
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14.

15.

16.

The apparatus of claim 13, wherein the user input comprises one or more of:
an adjustment to a size of the displayed object;
an adjustment to a vertical position of the displayed object;
an adjustment to a horizontal position of the displayed object;
an adjustment to an opacity of the displayed object;
an adjustment to a color of the displayed object;
an adjustment to a shape of the displayed object;
an adjustment to shading of the displayed object;
a text entry in a text box for the displayed object; and

user interaction with an animation for the displayed object.

The apparatus of claim 1, further comprising a collaboration module configured to
determine an impact on the one or more machine learning results based on

different user input received from a different user.

The apparatus of claim 15, wherein the input module is configured to receive the
different user input from the different user, the different user input identifying a
different value for a different machine learning parameter, the display module
configured to display multiple sets of one or more machine learning results to
multiple users, and the update module configured to dynamically update the

displayed multiple sets of one or more machine learning results.
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17. A method for machine learning results, the method comprising:

inputting permutations of machine learning parameters incrementally
between minimum values for the machine learning parameters and
maximum values for the machine learning parameters into a
predictive program;

determining machine learning results from the predictive program for the
input permutations of the machine learning parameters; and

populating a results data structure with the determined machine learning

results indexed by the machine learning parameters.

18. The method of claim 17, wherein the results data structure is populated prior to

receiving user input identifying a value for a machine learning parameter.

19. The method of claim 17, further comprising dynamically displaying one or more
corresponding machine learning parameters and machine learning results from the
results data structure in response to user input selecting a value for one or more of

a machine learning parameter and a machine learning result.

20. The method of claim 19, further comprising dynamically changing the displayed
one or more corresponding machine learning parameters and machine learning
results using the results data structure in response to user input adjusting a value

for a machine learning parameter.
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21. The method of claim 19, further comprising dynamically changing the displayed
one or more corresponding machine learning parameters and machine learning
results using the results data structure in response to user input adjusting a value

for a machine learning result.

22. A system for machine learning results, the system comprising:

a pre-compute module configured to predetermine, using one or more
predictive programs, permutations of machine learning results for
each of the one or more predictive programs at predefined
increments between minimum values for machine learning
parameters and maximum values for the machine learning
parameters;

an input module configured to receive user input from multiple users
identifying values for one or more of the machine learning
parameters for the one or more predictive programs; and

a display module configured to display one or more of the predetermined
machine learning results to the multiple users based on the

identified values.

23. The system of claim 22, further comprising a collaboration module configured to
determine an impact on machine learning results from one of the predictive
programs based on an identified value for a machine learning parameter for

another of the predictive programs.
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24.

25.

26.

The system of claim 23, wherein the multiple users identify the values for

different predictive programs of the predictive programs.

The system of claim 24, wherein the display module is configured to display the
impact on the machine learning results on a shared display for the multiple users
and to display the machine learning results for the different predictive programs

on different displays for the multiple users.

The system of claim 22, wherein the input module is configured to receive the
user input from one or more of:
separate client devices for the multiple users over a data network; and

a shared interface for the multiple users on a single device.
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ABSTRACT OF THE DISCLOSURE

Apparatuses, systems, methods, and computer program products are disclosed for
machine learning results. An input module may receive user input identifying a value for
a machine learning parameter. A display module may display one or more machine
learning results for the identified machine learning parameter in response to the input
module receiving the user input. An update module may dynamically update the
displayed one or more machine learning results in response to the input module receiving
additional user input identifying an additional value for the machine learning parameter.
A pre-compute module may predetermine permutations of the machine learning results

prior to the input module receiving the user input.
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