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Fish & Richardson P.C.
One Congress Plaza
Suite 810

111 Congress Avenue

Austin, TX 78701

January 13, 2023

Attorney Docket No.: 22193-0137002 / M16-180P-US2-b Ml Add

P.O. Box 1022
Minneapolis, MN 55440-1022

512 472 5070 main
512 320 8935 fax

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Presented for filing is a new continuation patent application of:

Inventor(s): JAE-SUN SEO and MINKYU KIM
Title: CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

The requirement for a certified copy of the foreign priority document under 37 CFR 1.55 is
satisfied in this application, as the certified copy is contained in the file of the related Application
No. 16/335,7785, filed March 22, 2019.

Enclosed are the following papers, including those required to receive a filing date under 37
CFR 1.53(b):

Pages
Specification 20
Claims
Abstract 1
Declaration
Drawing(s) 10
Enclosures:

— Application Data Sheet, 9 pages.
— Certification of Micro Entity Status, 2 pages.

The applicant certifies its micro entity status under 37 CFR 1.29.

Basic Filing Fee $64
Search Fee $140
Examination Fee $160
Total Claims 20 over 20 0 x $20 $0
Independent Claims 3 over 3 0 x $96 $0
Fee for Multiple Dependent claims $0
Application size fee for each 50 pages over 100

Total Sheets: 35 x .75 - 100/50 = 0 x $0
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Commissioner for Patents
January 13, 2023
Page 2

Total Filing fee $364

No filing fee is being paid now.

I hereby authorize the USPTO to communicate in response to email communications from the
undersigned and practitioners under Customer No. 20985 in accordance with 37 CFR 1.33 and
37 CFR 1.34 concerning any subject matter of this application via email. Iunderstand that a
copy of these communications will be made of record in the application file. (MPEP 502.03).

If this application is considered to be incomplete, or if a telephone conference would otherwise
be helpful, call the undersigned at +1 (512) 226-8156.

Send all correspondence to:

20985

Customer Number
Respectfully submitted,
/Heather L. Flanagan/

Heather L. Flanagan
Registration No. 54,101

Enclosures
HZF/vzs

100802735.doc
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UNITED STATES enetrin Vi ARAEEX 1450
PATENT AND TRADEMARK OFFICE AN Yt topto G0
ELECTRONIC ACKNOWLEDGEMENT RECEIPT
APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/154,727 01/13/2023 07:18:51 PMET 22193-0137002
Title of Invention
CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS
Application Information
APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USC 111(a)
CONFIRMATION # 4440 FILED BY Veronica Juarez
PATENT CENTER # 61438118 FILING DATE
CUSTOMER # 20985 FIRST NAMED Jae-sun Seo
INVENTOR
CORRESPONDENCE - AUTHORIZED BY Heather Flanagan
ADDRESS
Documents TOTAL DOCUMENTS: 6
DOCOUMENTY FAGES  DESCRIPTION SIZE (KR
22183-( 37002 PAP PDF 2 Transmitial of New Application 114 K8
22193-0137002_ADS pdt 9 Applicalion Data Sheet 2174 KB
22193-0137002 _MICRO.PDF 2 Certification of Mioro Entity 73 KB
(Rducation Basis)
22193-0137002_DECs . pdf P Chath or Daclaration filed 1054 KB
22193-0137002- 25 Application body struciured lext 85 KB
SPECIFICATION- documeant

APP TEXT . dock
Warning: The document iine spacing appears 10 be incorrect, Please review andrevise i
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necessary. Bookmarks were found and have been removed.

22193-0157002_FiGs. pdf 10 Urawings-only black and while 1238 KB
fine drawings

Digest

DOCUMENTY MESSAGE DIGEST{SHASE)

S2193-0137002_PAPPDF 2CESDSUDAYDDDASTET 1 14DTVFFDASBAESD21DASTR08TE4TFE

505B0813000E00C8F310E02465C808B580TDOZERBOADI B4 TET
44EGAABBCEERCCT7EFCODFIGEF 44408
22183-0137002_ADS pof CloE16B30BO24C4005DFCLFEBCEBZESE2F 400137 C7FFASDAD
COAECGETFSCARBEFROGEECS1BCFABAZADFTE48423E8073R8
21820E2482420F50FU3EAE735DDAZDE
S2193-0137002 _MICRO PDF DOFSE76E4BBECECEDSZ3BBOGR0312D842 11 DE3R0CACEY
AGBCIERZDLDBEEA 2TAEDASFTETSCBDAEETF2E338140F 35706
GECH2Q06F2CEBCEE2AACCETI41008D

22193-0137002_DECs.pdi BROVO4446ETESASZIROFE7 38270 DEC0AALTIEHGOOCABLRARAG
132D8CEFEEDEBFOOU04B12BF240F4DEFD46830801 DEFFD4OCE
4ADSTT1OBTERIZDE82E43C4068DATRD

22193-0137002- 190005F 1383 080004C4098F 08281 BEBATIFIFT7E75355478C0688
SPECHIFICATION- 484444841 8424034452D4F08A3CA30Z0E2BDENE ’} F463BALDR
APP TEXT docx CACOsBCDZZ210D4EGCASZ405E3800

22195-0137002_FiGs. pdt SECAROECOTTA4GAFICEDBRBRIZTICEZBEFOOTFRITISATIRAS

EA’T’A@ABESHFSEAW&AQA D3EY BSFSSAS%:FQ?FF&SDABQSE\%E
FCAR00AS0DN4AR03ALRCREECOTRHETEFS

This Acknowladgemant Receipt svidances racaipt onthe nolad date by the USPTO of the indicated documents, characiarizad
oy tha appheant, and including page counts, whers appiicabie. It servas as avidence of racaipt similar o a Post Card, as
described in MPEPR 203

New Applications Under 35 U.8.C, 111
if a new application is baing filed and the application includes the necessary componenis for fing dale (sea 37 OFR 1.53{b)-(d)
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and MPEP 508}, a Filing Receipt (37 CFR 1.54) wili be issued in due course and the data shown on this Acknowledgement
Receipt will astablish the filing date of the applicalion

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

§ a Hmely submission 1o entar the national sla ge of an international application is compliant wilh the conditions of 35 U.8.C.
71 and other applicable requiraments a Form POT/DOEG/ANS indicating acceplancs of the application as a national stage

submission under 35 UB.C. 371 will be issuad in addition to the Filing Receipl, in due course.

New Infornational Application Flled with the USPTO as a Recslving Office

& new nternational ation ia being Hed and the interational spplication includes the necessary components for an
international fiing f‘*ia (sas PCT !\e*u = 11 and MPEP 15104}, a Notification of the Inlernational Apphogtion N\m ber and of the

internationat Filing Dals (Form POT/ROA0E) will be issusd in dus courss, subject to prascriptions concaming national security,
and tha date shown on this hckmwieﬁgemeni Heceipt will asiablish the intarnational filing date of the application.
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Attorney Docket No.: 22193-0137US1 / Client Ref: M16-180P
PTO/AIA/01 (06-12)
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 displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN

APPLICATION DATA SHEET (37 CFR 1.76)

Title of

Invention | CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

As the below named inventor, | hereby declare that:

This declaration [ X] The attached application, or
is directed to:
[ 1] United States application or PCT international application
number
filed on

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

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| 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 (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required
by the USPTO to support a petition or an application. If this type of personal information is included in documents submitted
to the USPTO, petitioners/applicants should consider redacting such personal information from the documents before
submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public
after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the
application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is

referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor:  Jae-sun Seo Date (Optional) : 03/21/19

]
Signature: /'/%%é‘”

Ea

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this
form or must have been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. 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 1
minute 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-PT0O-9199 and select option 2.

15085222 .doc
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Doc Code: MES.IHEB
Document Description: Certification of Micro Entity Status (Education Basis) PTO/SB/15B (03-13)

CERTIFICATION OF MICRO ENTITY STATUS
(INSTITUTION OF HIGHER EDUCATION BASIS)

Application Number or Control Number (if applicable). | Patent Number (if applicable):

First Named Inventor: Title of Invention:

Jae-sun Seo CASCADED COMPUTING FOR CONVOLUTIONAL
NEURAL NETWORKS

CERTIFICATION ON THE BASIS OF EMPLOYMENT BY AN INSTITUTION OF HIGHER EDUCATION
The applicant hereby certifies the following—

The applicant qualifies as a small entity as defined in 37 CFR 1.27.

The applicant’s employer, from which the applicant obtains the majority of the applicant’s
income, is an institution of higher education as defined in section 101(a) of the Higher
Education Act of 1965 (20 U.S.C. 1001(a)).

SIGNATURE by a party set for in 37 CFR 1.33(b)

Signature

Name

Date Telephone Registration No.

O There is more than one inventor and | am one of the inventors who are jointly identified as the applicant.

Additional certification form(s) signed by the other joint inventor(s) are included with this form.

CERTIFICATION ON THE BASIS OF ASSIGNMENT OR OBLIGATION TO ASSIGN TO AN
INSTITUTION OF HIGHER EDUCATION

The applicant hereby certifies the following—
The applicant qualifies as a small entity as defined in 37 CFR 1.27.

The applicant has assigned, granted, conveyed, or is under an obligation by contract or law,
to assign, grant, or convey, a license or other ownership interest in the particular application
to an institution of higher education as defined in section 101(a) of the Higher Education Act
of 1965 (20 U.S.C. 1001(a)).

SIGNATURE by a party set for in 37 CFR 1.33(b)

Signature | /Heather L. Flanagan/
Name Heather L. Flanagan
Date January | Telephone | +1 (512)226-8156 | Registration No. | 54,101
13, 2023
O There is more than one inventor and | am one of the inventors who are jointly identified as the applicant.

Additional certification form(s) signed by the other joint inventor(s) are included with this form.

NOTE: A signed copy of this “institution of higher education basis” micro entity certification form (PTO/SB/15B)
filed together with a signed copy of the “gross income basis” micro entity certification form (PTO/SB/15A) will be
taken to be a representation that any inventor or person applying for a patent as provided in 37 CFR 1.46 not
qualifying on the “gross income basis” qualifies on the “institution of higher education basis.”

IPR2025-01399
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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 disclosure of these
records is required by the Freedom of Information Act.

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.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 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 inspection 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.

IPR2025-01399
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Attorney Docket No.: M16-180P-US2-b | 22193-0137002

CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a continuation of U.S. Patent Application No. 16/335,775,
titled “Cascaded Computing For Convolutional Neural Networks” filed on March 22, 2019, which
is a U.S. National Stage Application under 35 USC § 371 and claims the benefit of International
Patent Application No. PCT/US2017/052736 titled “Cascaded Computing for Convolutional
Neural Networks,” filed on September 21, 2017, which is related to, and claims priority to, U.S.
Provisional Patent Application Serial No. 62/399,753, titled “Cascaded Computing for
Convolutional Neural Networks,” filed on September 26, 2016, all of which are incorporated

herein by reference in their entirety.

BACKGROUND

[0002] Convolutional Neural Networks (CNNs) have gained popularity in many computer
vision applications (image, video, speech, etc.), because of their ability to train and classify with
high accuracy. Due to multiple layers of convolution and pooling operations that are compute-
/memory-intensive, it is difficult to perform real-time classification with low power consumption

on today’s computing systems.

SUMMARY

[0003] Implementations of the present disclosure are generally directed to a technique for
efficiently reducing the amount of total computation in CNNs without affecting the output result

or classification accuracy.

[0004] In general, innovative aspects of the subject matter described in this specification can be
embodied in methods that include actions of: in one or more layers of a convolutional neural
network (CNN), performing a first iteration that includes computing a value based on a first set of
most significant bits (MSBs) for each of a plurality of data sets; examining a first set of values
computed for the plurality of data sets in the first iteration to determine whether a maximum value

is present among the first set of values; responsive to identifying the maximum value, performing

IPR2025-01399
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a full precision computation of the value for a data set, of the plurality of data sets, that exhibited
the maximum value; and propagating the full precision computation of the value to a subsequent

layer of the CNN.

[0005] Implementations can optionally include one or more of the following features: the
actions further include, responsive to determining that the first set of values are the same,
performing a second iteration that includes computing the value based on a second set of MSBs
for each of the plurality of data sets, the second set of MSBs being larger than the first set of MSBs;
the actions further include examining a second set of values computed for the plurality of data sets
in the second iteration to determine whether the maximum value is present among the second set
of values; the actions further include, responsive to identifying the maximum value among the
second set of values, performing the full precision computation of the value for a data set, of the
plurality of data sets, that exhibited the maximum value in the second iteration; the computing in
each of the first iteration and the second iteration employs a convolution and a pooling; the
convolution is a N x N convolution, where N is any integer; the pooling is a N x N pooling, where
N is any integer; the convolution is a 3 x 3 convolution, and the pooling is a 2 X 2 pooling; at least
one of the first iteration and the second iteration is performed with a precision less than that of the
full precision computation; the precision is 8-bit precision; the CNN is employed to analyze an
image; the first iteration computes a value that approximates the full precision computation of the
value; and/or the full precision computation is performed on the data set the includes less data than

the plurality of data sets.

[0006] Other implementations of any of the above aspects include corresponding systems,
apparatus, and computer programs that are configured to perform the actions of the methods,
encoded on computer storage devices. The present disclosure also provides a computer-readable
storage medium coupled to one or more processors and having instructions stored thereon which,
when executed by the one or more processors, cause the one or more processors to perform
operations in accordance with implementations of the methods provided herein. The present
disclosure further provides a system for implementing the methods provided herein. The system
includes one or more processors, and a computer-readable storage medium coupled to the one or
more processors having instructions stored thereon which, when executed by the one or more
processors, cause the one or more processors to perform operations in accordance with

implementations of the methods provided herein.
2
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[0007] It is appreciated that aspects and features in accordance with the present disclosure can
include any combination of the aspects and features described herein. That is, aspects and features
in accordance with the present disclosure are not limited to the combinations of aspects and
features specifically described herein, but also include any combination of the aspects and features

provided.

[0008] The details of one or more implementations of the present disclosure are set forth in the
accompanying drawings and the description below. Other features and advantages of the present

disclosure will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1A is a schematic depicting an example of a computing system for cascaded

computing for CNNs, according to implementations of the present disclosure.

[0010] FIG. 1B is a schematic depicting an example of objectives addressed through

implementations of the present disclosure.

[0011] FIG. 2is aflow diagram depicting an example of a conventional convolution and pooling

scheme, according to implementations of the present disclosure.

[0012] FIG. 3 is a schematic depicting an example of a conventional convolution and pooling

scheme, according to implementations of the present disclosure.

[0013] FIG. 4 is a flow diagram depicting an example process for convolution and pooling,

according to implementations of the present disclosure.

[0014] FIG. 5 is a flow diagram depicting an example process for convolution and pooling,

according to implementations of the present disclosure.

[0015] FIG. 6 is a schematic depicting an example architecture, according to implementations

of the present disclosure.

[0016] FIG. 7 is a schematic depicting an example architecture, according to implementations

of the present disclosure.

[0017] FIG. 8 is a schematic depicting an example architecture, according to implementations

of the present disclosure.
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[0018] FIG. 9 depicts an example computing system, according to implementations of the

present disclosure.

DETAILED DESCRIPTION

[0019] Implementations of the present disclosure are directed to systems, devices, methods,
and/or computer-readable media for efficiently reducing the amount of total computation in CNNs
without affecting the output result or classification accuracy. CNNs are traditionally
computationally and memory intensive, and may consume a large amount of computing resources
such as active memory, processing capacity, and so forth, and may involve many redundant
operations. Implementations identify the redundant operations at an early stage in processing, and
avoid performing the redundant operations for which the results may not be employed
subsequently in the analysis, and which therefore may not affect the overall outcome of the
analysis. Accordingly, implementations may be particularly advantageous on computing devices
which have limiting processing capacity, limited power available, limited active memory, and/or
otherwise limited available resources, by avoiding the expenditure of computing resources on

redundant operations that may not affect the overall outcome of the analysis.

[0020] One of the largest redundancies in conventional CNNs is that a large amount of data is
thrown away at each pooling layer, because only the maximum value is conveyed to the next layer.
For example, in 2x2 max-pooling, 75% of convolution computation data is thrown away at each
pooling layer by only conveying the maximum value to the next layer. In 3x3 max-pooling, 89%
of convolution computing data is thrown away at each pooling layer. Implementations avoid such
redundancies by performing convolution first with a small number of most significant bits (MSBs),
computing the pooling, and if the maximum value is known, performing full-precision convolution
on the entry that is the maximum value. If the maximum value is not known based on the small
number of MSBs, the process may proceed with lower bits of convolution for multiple entries.
The number of bits on which convolution is performed largely affects the critical path delay (e.g.,
matrix multiplication with a smaller dimension), and may be a design parameter. In this way,
implementations perform computation using an amount of data that is close to or at the amount of
data that is minimally necessary to perform the computation, without large redundancies. The

redundant computations that are present in conventional CNNs are reduced and/or removed by

4
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performing a new computation scheme, described herein, that exploits integration of primary

computing primitives.

[0021] In some implementations, the input bits (e.g., those used in a full-precision computation)
may be divided into a number of groups that each include a smaller number of bits (e.g., for low-
precision). Starting from the MSB side, implementations may perform approximate computing
group-by-group, and these approximate computing steps are cascaded. In some implementations,
the same approximate hardware engine may be reused for cascaded precision computing
operations, thus reducing the hardware footprint. At each iteration, by finding the maximum value
of approximate computations, a decision may be made whether the next approximate convolution
iteration needs to be performed. In this way, only the necessary amount of computations may be
performed, significantly reducing the amount of total computation compared to traditional
methods of iterative computation performed in conventional CNNs. Implementations perform
approximate computations of neural networks (e.g., based on the MSBs), make a decision based
on the approximate results which data set to proceed with, and then (e.g., only) perform the more
fine-grain, full precision, (e.g., more accurate) computations on the narrowed-down set of data that
exhibited the maximum. Accordingly, the first iteration computes a value that approximates the
full precision computation of the value, and the full precision computation is performed only on
the data set that exhibited the maximum, that data set including less data than the entire plurality

of data sets.

[0022] FIG. 1A is a schematic depicting an example of a computing environment 130 for
cascaded computing for CNNs, according to implementations of the present disclosure. As shown
in the example of FIG. 1A, the environment 130 includes one or more computing devices 120 of
any suitable number and type of computing device. In some implementations, the computing
device(s) 120 include small and/or portable device(s), and/or device(s) that have limited hardware
capabilities, such as wearable computing devices (e.g., with a wristwatch, headset, glasses, fitness
tracker, or other form factor), smart phones, embedded computing devices, devices that are
included in automobiles, drones, and/or other vehicles, and so forth. The device(s) 120 may
execute one or more CNNs 122 that accept and process input data 124 to generate output data 126.
The input and/or output data may be any type of data that is suitable to provide a particular function
of the device 120. For example, CNN(s) 122 executing in an autonomous or semi-autonomous

vehicle (e.g., a self-driving vehicle) may perform operations related to the navigation and/or
5
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operation of the vehicle. In such examples, the CNN(s) may accept input data in the form of
current environment data regarding the position and movement of the vehicle relative to any
number of proximal objects, and the position and movement of the proximal objects, and generate
output data in the form of commands to operate the vehicle, e.g., adjust its position, speed,
orientation, and so forth. The greater computational efficiencies provided by the implementations
described herein may enable the vehicle to operate with quick response to environmental changes
and with computational efficiency and accuracy. Other examples herein describe the use of

cascaded computing for CNNs in the context of image analysis.

[0023] Implementations are not limited to these examples. The implementations described
herein support the deployment of CNNs in a wide variety of applications, such as internet-of-things
(IoT) systems, self-driving vehicles, and so forth. Implementations may be especially useful in
environments with limited hardware resources, given that implementations enable the hardware
footprint and/or processing power to be substantially reduced while producing the same or similar

output as conventional CNNs.

[0024] FIG. 1B is a schematic 112 depicting an example of objectives addressed through
implementations of the present disclosure. As shown in the example of FIG. 1B, the objective of
at least some implementations is to reduce the redundancy present in dense convolution through
use of pooling, e.g., cascaded precision. If the MSB convolution reveals a maximum, LSB
convolution may be skipped. Implementations start with coarse computations, and may proceed

to more fine-grained computations if necessary.

[0025] In the example of FIG. 1B, the analysis is performed on four sets of data 114(1)-114(4)
that are each associated with a set of weights 116. Implementations support analysis of any
suitable number of data sets and/or weights. In some instances, convolution may include a
plurality of multiply and add operations, in which the data and corresponding weight is to be
multiplied and the results added to other products of data * weight multiplication in the data set(s).
For example, adjacent 2 x 2 data sets (e.g., pixel sets) may be multiplied to determine individual
convolution results for each of the (e.g., four) data sets. From the convolution results for each of
the (e.g., four) data sets, a maximum 108 may be determined which is propagated to a next layer

of convolution 110. In conventional CNNs, the convolution results that have a lower value than
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the maximum (e.g., first set of data) may not be used in the next layer(s), e.g., the later stage(s) of

the analysis, and may therefore be discarded.

[0026] In some implementations, the data may include one or more most significant bits (MSB)
102, one or more least significant bits (LSB) 104, and one or more bits 106 in between the MSB
and LSB. MSB may include the coarser level of data and LSB may include the more fine-grained
data. In some implementations, convolution may be performed on the MSB initially. Based on
the results of the MSB-driven convolution(s), a maximum may be determined. If one of the data
sets exhibits a maximum, with a high confidence, over the other data sets based on the MSB-driven
convolution(s), the algorithm may proceed to the next layers using that data set maximum and
discarding the others. Compared to conventional methods, this MSB-driven convolution may
produce similar results given that the lower precision bits in the data set would not have altered
the maximum determination computation even if they had been included in the original
computation. Accordingly, implementations initially perform a minimal amount of computation
to determine and compare maximums among the data sets, and avoid the initial full convolution
performed by conventional CNNs. In some implementations, after determining the maximum
based on the low precision MSB-based computations, the full precision (e.g., all bits) computation

may be performed on the data set for which the maximum was identified.

[0027] In some instances, two data sets may exhibit the same value or a similar value following
the initial low precision convolution, such that a clear maximum may not be determined among
the data sets. In some implementations, if the difference between the initial results is less than a
predetermined threshold then a cascaded convolution may be performed by repeating the
convolution using a large set of the bits of the data, e.g., the MSB 102 and the intermediary bits
106. A maximum may then be determined from among the results of this computation for each
data set. If a clear maximum is not determined based on this slightly higher precision computation,
the process may cascade further and perform another iteration with yet more bits, and so forth.
The algorithm may perform any suitable number of iterations, up to the full precision (e.g., full
data set) convolution, until a maximum is determined from among the data sets. In some
implementations, each iteration may include an additional two bits in the computation, compared
to the previous iteration. In some implementations, the additional iterations may be performed on
those data sets that are candidates to exhibit the eventual maximum, e.g., those data sets for which

the result value is close to the result(s) of other data set(s). Accordingly, each iteration may reduce
7
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the number of candidate data sets for the eventual maximum value, until only one such data set
remains to proceed to the next layer of analysis. This iterative algorithm provided by

implementations is also described as a cascading algorithm.

[0028] FIG. 2 is a flow diagram 200 depicting an example of a conventional convolution and
pooling scheme. FIG. 2 shows a flow diagram, or block diagram, of a conventional convolution
and pooling scheme that employs 3x3 convolution, 2x2 pooling, and 8-bit precision. The scheme

of FIG. 2 may proceed according to the convolution equation below, Example Equation 1.

Example Equation 1

MXN
= z D,K, (D:data, K: kernel, M X N: kernel window size)

n=1
[0029] Kernel may refer to the weights described with respect to FIG. 1B. Accordingly, the
example equation 1 describes a full precision convolution of all the bits in a particular data set,
and/or all the bits that are within a particular M x N window size (e.g., M x N pixel portion(s) of
an image). In a conventional method, an image (e.g., 320 x 240) may be stored (202) in SRAM
and the data of the image loaded (204) into registers (206) for processing. Convolution (208) may
be performed on the data in the registers, e.g., 3 x 3 convolution based on 3 X 3 kernel data (e.g.,
weighting). The convolution results may be stored in 2 x 2 bit registers (210), and 2 X 2 max
pooling (212) may be performed to determine the maximum value for the particular layer of

analysis before proceeding to the next layer.

[0030] Although various examples herein describe applying a particular convolution, pooling,
and precision, such as 3 x 3 convolution, 2 x 2 pooling, and 8-bit precision, implementations are
not so limited. Implementations may employ any N x N convolution, where N is any suitable
integer. Implementations may employ any N X N pooling, where N is any suitable integer
(different than, or same as, the dimension of the convolution). Implementations may also employ

any suitable level of precision in the computation.

[0031] FIG. 3 is a schematic 300 depicting an example of a conventional convolution and
pooling scheme. FIG. 3 describes an operation clock cycle corresponding to the algorithm
described with reference to FIG. 2, which may require 16 clocks for the first column output after
the convolution and pooling process, and which may require 8 clocks for the other column outputs.

8
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[0032] As shown in FIG. 3, the 3 x 3 window of analysis may be applied to different portions
of the image 302 during a particular layer of convolution and pooling 304, to generate a
convolution output 306. A 3 x 3 kernel (e.g., weight) may be overlaid and the kernel may be
multiplied by the data for the particular portion of pixels, to output a particular value. This value
may then be compared to other output values to determine the maximum, and the portion exhibiting

the maximum may be further analyzed in subsequent layers.

[0033] Convolution and pooling may be performed at the various layers of analysis for a
particular kernel size, with regard to one or more channels of input and/or output. The various
convolution and pooling results for various layers may be stacked on top of one another to form a
deep neural network hierarchy. Traversing from the low level to the higher level may include
convolution and/or various non-linear operation(s) to determine a higher level (e.g., more abstract)
representation of the image as the analysis progresses deeper. For example, a first layer of analysis
may identify edges in an image, subsequent layer(s) may combined the edges to identify shapes or
other features within the image, the shapes may be combined at further higher level(s), and so forth

to determine what is shown in the image.

[0034] FIG. 4 is a flow diagram 400 depicting an example process for convolution and pooling,
according to implementations of the present disclosure. FIG. 4 shows an example of a flow
diagram, e.g., logic and/or block diagram, for a convolution and pooling scheme that employs 3 x

3 convolution, 2 x 2 pooling, and 8-bit precision.

[0035] An image (e.g., 320 x 240) may be stored (402) (e.g., in SRAM) and the data of the
image loaded (404) into registers (4006) for processing.

[0036]  Using the two most significant bits of image data and convolution kernel, approximate
multiply-and-add operations are performed (408). The intermediate approximate results are stored
into registers (410), and 2 x 2 max-pooling is performed on the approximate 2-bit multiply-and-
add results (412). The output of the pooling computation is fed back to the input data registers

(406), which govern the following computations.

[0037] As shown in the example of FIG. 4, 2 X 2 max pooling may be performed and, based on
whether a maximum was found or not, the process may iterate. If a maximum is found, the 3 x 3
convolution may be performed and full precision convolution may be performed on the maximum-
exhibiting data set (414). If a maximum is not found, then the next group of (e.g., higher precision)

9
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bits may be retrieved and used to compute results (408) in the next iteration, with any suitable

number of iterations performed until a maximum is found.

[0038] The scheme of FIG. 4 may proceed according to the intermediate convolution equation

below, Example Equation 2.

5 Example Equation 2
itr—1 MxXN
= z Z 4Ur=1=ID[MSB — 2 X i: MSB — 2 X i — 1],K[MSB — 2 X i: MSB
i=0 n=1

— 2 xi—1], (itr: #iteration)

[0039] Example Equations 3, 4, and 5 illustrate the first, second, and third iterations

respectively, for 8-bit precision and 3 x 3 convolution.

10 Example Equation 3

9
- Z D[7:6],,K[7:6],,

n=1

Example Equation 4

9 9
= (Z D[7: 6],K[7: 6]n) X 4 + Z D[5: 4],K[5: 4],

15

Example Equation 5

9 9 9
- (Z D[7: 6],,K[7: 6]n) X 16 + (Z D[5: 4], K[5: 4]n) X 4 + Z D[3:2],K[3: 2],

[0040] For the example equations 2-5, the left hand side of the equation may be the output
20  convolution pixel value. Although examples herein describe using the cascading (e.g., iterative)

CNNs for image analysis, implementations may also be applied in other data analysis scenarios.

10
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[0041] FIG. 5 is a flow diagram 500 depicting an example process for convolution and pooling,
according to implementations of the present disclosure. For a 2 x 2 pooling, four intermediate
(e.g., approximate) convolutions may be performed (502) and the results of the four convolutions
may be examined (504) to determine whether any of the convolutions exhibit a maximum, or
whether the four results are the same. If the four results are the same, or sufficiently similar (e.g.,
within a predetermined threshold range of one another), the process may perform (508) another
iteration (e.g., cascade) as described above, performing a convolution using more bits of data. If
the four results are not the same and/or are not similar (e.g., if a clear maximum is exhibited by
one of the convolutions), the analysis may proceed (506) to perform the full (e.g., full precision)
convolution for the data set that exhibited the maximum of the low precision, MSB-based

convolution.

[0042] FIG. 6 is a schematic 600 depicting an example arrangement of input data, according to
implementations of the present disclosure. As shown in the example of FIG. 6, the MSBs of
various input features 602 may be loaded first, instead of loading the full precision input as in
conventional schemes. In some implementations, the input data may include a plurality of input
features 602, which may also be described as input channels. Each input feature 602 may include
an array of input pixels 604. For example, for a data set of 100 x 100 pixels, there may be multiple
layers as each pixel includes N bits. As a particular example, the different channels may be
different color channels (e.g., three color dimensions for a RGB color format image). In some

implementations, the result values for the same pixel may be added across different channels.

[0043] FIGS. 7 and 8 are schematics 700 and 800 respectively depicting an example
architecture, according to implementations of the present disclosure. FIG. 7 shows the various
input features or channels that may be present in some instances. For each input feature 702,
implementations may process two bits at a time and the two bits may be multiplied by the 8 bits
of weight data by a SoP module 704, e.g., a sum-or-product or multiply-and-add module. Each
SoP 704 may accumulate the various multiplication results from different channels, and the partial
products (PPs) may be summed (706) for the different input features or channels. The maximum
may be identified (708) among these various (e.g., four) results. As shown in FIG. 8, if a maximum
is found (708) a full precision calculation may be performed for the data set that exhibited the
maximum value. If not, then higher precision calculations may be performed until a maximum is

identified, as described above. After the maximum value is found, the same SoP modules that
11
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were used in the computation with most significant bits of data can be re-used for computation of

the less significant bits of data, thus maximizing hardware utilization.

[0044] Table 1 below shows test results of using the implementations described herein to
analyze two test images, imagel and image2, compared to the results of using conventional
techniques. For the tests described below, the input data is 320 x 240 x 3, the convolution kernel
is 7 x 7 x 3, the pooling window is 2 x 2, the width of input and kernel data is 8 bit and 12 bit
respectively, the maximum frequency is 500 MHz, and an 8 x 3-bit multiplier is used for the tests

using the implementations described herein.

Table 1

Conventional techniques Implementations described herein
Power (mW) 9281 8867 44.11,41.82
Total delay (ns) 629,145 746,150 1, 752,770 2
Energy (J) 58.384 x 101 55742 x 10°% | 32.905 x 10°1 31.466 x 102
Total cell area 687,876 222,784
Difference average 0.0042 1, 0.0073 2
Difference maximum 3162

[0045] In Table 1, the 1 superscript refers to the results of using imagel for input data, and the
2 superscript refers to the results of using image2 for input data. The number of iterations
performed may be dependent on the image being processed. On average, the use of the
implementations described herein may results in a power reduction of greater than a factor of two.
Table 2 below shows a distribution of the number of iterations for processing imagel and image

2.

Table 2
Imagel Image2
1 iteration 18,368 (100%) 17,261 (94%)
12
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2 iterations 0 (0%) 0 (0%)
3 iterations 0 (0%) 0 (0%)
4 iterations 1 (0%) 1,108 (6%)

[0046]

Table 3 below describes test results using a second layer of AlexNet for particular test

image, comparing results achieved using implementations described herein versus conventional

techniques. For the tests described below, the input data is 55 x 55 x 48, the convolution kernel

s 5 x 5 x 48, the pooling window 1s 2 x 2, the width of input and kernel data is 12 bit, the maximum

frequency is 455 MHz and 500 MHz for the conventional techniques and implementations

described herein respectively, and 12 x 3-bit multiplier is used for the tests using the

implementations described herein.

Table 3

Conventional techniques Implementations described herein
Logic power (mW) 84.8 37.8
SRAM power (mW) | 136.1 94 .4
Total power (mW) 220.9 1322
Total delay (ns) 594,132 971,939
Total cell area (um?) | 634,601 203,939
Difference average 0.31
Difference maximum 4

[0047]

image.

Table 4

Table 4 below shows a distribution of the number of iterations for processing the test

Image

13

IPR2025-01399
CrowdStrike EX1002 Page 33



10

15

20

25

Attorney Docket No.: M16-180P-US2-b | 22193-0137002

1 iteration 567 (91%)
2 iterations 58 (9%)

3 iterations 0 (0%)

4 iterations 0 (0%)

[0048] As shown in Table 4, 91% of the approximate computations found a maximum in the
first iteration, using the implementations described herein. For 2 % 2 pooling, 91% of 3 (out of 4)
outputs did not reach a second, third, or fourth iteration. The test results of Tables 1-4 indicate that
implementations of the cascading CNNs described herein provide for CNNs that identify a
maximum with high likelihood in the first or second iteration, thus avoiding subsequent iterations
and foregoing redundant calculations present in conventions CNNs. The Tables 1-4 also illustrate
that implementations provide for lower power consumption and/or energy consumption compared

to conventional techniques, as well as other advantages.

[0049] Although various examples herein describe using implementations for image analysis,
implementations are not limited to this particular application. Implementations may also use the
cascading CNNs described herein for other applications, such as in speech analysis, biomedical

applications, and so forth.

[0050] FIG. 9 depicts an example computing system, according to implementations of the
present disclosure. The system 900 may be used, in whole or in part, for any of the operations
described with respect to the various implementations discussed herein. The system 900 may
include one or more processors 910, a memory 920, one or more storage devices 930, and one or
more input/output (I/O) devices 950 controllable through one or more I/O interfaces 940. The
various components 910, 920, 930, 940, or 950 may be interconnected through at least one system
bus 960, which may enable the transfer of data between the various modules and components of

the system 900.

[0051] The processor(s) 910 may be configured to process instructions for execution within the
system 900. The processor(s) 910 may include single-threaded processor(s), multi-threaded
processor(s), or both. The processor(s) 910 may be configured to process instructions stored in
the memory 920 or on the storage device(s) 930. The processor(s) 910 may include hardware-

14
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based processor(s) each including one or more cores. The processor(s) 910 may include general

purpose processor(s), special purpose processor(s), or both.

[0052] The memory 920 may store information within the system 900. In some
implementations, the memory 920 includes one or more computer-readable media. The memory
920 may include any number of volatile memory units, any number of non-volatile memory units,
or both volatile and non-volatile memory units. The memory 920 may include read-only memory,
random access memory, or both. In some examples, the memory 920 may be employed as active

or physical memory by one or more executing software modules.

[0053] The storage device(s) 930 may be configured to provide (e.g., persistent) mass storage
for the system 900. In some implementations, the storage device(s) 930 may include one or more
computer-readable media. For example, the storage device(s) 930 may include a floppy disk
device, a hard disk device, an optical disk device, or a tape device. The storage device(s) 930 may
include read-only memory, random access memory, or both. The storage device(s) 930 may

include one or more of an internal hard drive, an external hard drive, or a removable drive.

[0054] One or both of the memory 920 or the storage device(s) 930 may include one or more
computer-readable storage media (CRSM). The CRSM may include one or more of an electronic
storage medium, a magnetic storage medium, an optical storage medium, a magneto-optical
storage medium, a quantum storage medium, a mechanical computer storage medium, and so forth.
The CRSM may provide storage of computer-readable instructions describing data structures,
processes, applications, programs, other modules, or other data for the operation of the system 900.
In some implementations, the CRSM may include a data store that provides storage of computer-
readable instructions or other information in a non-transitory format. The CRSM may be
incorporated into the system 900 or may be external with respect to the system 900. The CRSM
may include read-only memory, random access memory, or both. One or more CRSM suitable for
tangibly embodying computer program instructions and data may include any type of non-volatile
memory, including but not limited to: semiconductor memory devices, such as EPROM,
EEPROM, and flash memory devices; magnetic disks such as internal hard disks and removable
disks; magneto-optical disks, and CD-ROM and DVD-ROM disks. In some examples, the
processor(s) 910 and the memory 920 may be supplemented by, or incorporated into, one or more

application-specific integrated circuits (ASICs).

15

IPR2025-01399
CrowdStrike EX1002 Page 35



10

15

20

25

30

Attorney Docket No.: M16-180P-US2-b | 22193-0137002

[0055] The system 900 may include one or more I/O devices 950. The I/O device(s) 950 may
include one or more input devices such as a keyboard, a mouse, a pen, a game controller, a touch
input device, an audio input device (e.g., a microphone), a gestural input device, a haptic input
device, an image or video capture device (e.g., a camera), or other devices. In some examples, the
I/O device(s) 950 may also include one or more output devices such as a display, LED(s), an audio
output device (e.g., a speaker), a printer, a haptic output device, and so forth. The I/O device(s)
950 may be physically incorporated in one or more computing devices of the system 900, or may

be external with respect to one or more computing devices of the system 900.

[0056] The system 900 may include one or more I/O interfaces 940 to enable components or
modules of the system 900 to control, interface with, or otherwise communicate with the I/O
device(s) 950. The I/O interface(s) 940 may enable information to be transferred in or out of the
system 900, or between components of the system 900, through serial communication, parallel
communication, or other types of communication. For example, the I/O interface(s) 940 may
comply with a version of the RS-232 standard for serial ports, or with a version of the IEEE 1284
standard for parallel ports. As another example, the I/O interface(s) 940 may be configured to
provide a connection over Universal Serial Bus (USB) or Ethernet. In some examples, the I/O
interface(s) 940 may be configured to provide a serial connection that is compliant with a version

of the IEEE 1394 standard.

[0057] The I/O interface(s) 940 may also include one or more network interfaces that enable
communications between computing devices in the system 900, or between the system 900 and
other network-connected computing systems. The network interface(s) may include one or more
network interface controllers (NICs) or other types of transceiver devices configured to send and

receive communications over one or more networks using any network protocol.

[0058] Computing devices of the system 900 may communicate with one another, or with other
computing devices, using one or more networks. Such networks may include public networks
such as the internet, private networks such as an institutional or personal intranet, or any
combination of private and public networks. The networks may include any type of wired or
wireless network, including but not limited to local area networks (LANs), wide area networks
(WANSs), wireless WANs (WWANSs), wireless LANs (WLANs), mobile communications

networks (e.g., 3G, 4G, Edge, etc.), and so forth. In some implementations, the communications
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between computing devices may be encrypted or otherwise secured. For example,
communications may employ one or more public or private cryptographic keys, ciphers, digital
certificates, or other credentials supported by a security protocol, such as any version of the Secure

Sockets Layer (SSL) or the Transport Layer Security (TLS) protocol.

[0059] The system 900 may include any number of computing devices of any type. The
computing device(s) may include, but are not limited to: a personal computer, a smartphone, a
tablet computer, a wearable computer, an implanted computer, a mobile gaming device, an
electronic book reader, an automotive computer, a desktop computer, a laptop computer, a
notebook computer, a game console, a home entertainment device, a network computer, a server
computer, a mainframe computer, a distributed computing device (e.g., a cloud computing device),
a microcomputer, a system on a chip (SoC), a system in a package (SiP), and so forth. Although
examples herein may describe computing device(s) as physical device(s), implementations are not
so limited. In some examples, a computing device may include one or more of a virtual computing
environment, a hypervisor, an emulation, or a virtual machine executing on one or more physical
computing devices. In some examples, two or more computing devices may include a cluster,
cloud, farm, or other grouping of multiple devices that coordinate operations to provide load
balancing, failover support, parallel processing capabilities, shared storage resources, shared

networking capabilities, or other aspects.

[0060] Implementations and all of the functional operations described in this specification may
be realized in digital electronic circuitry, or in computer software, firmware, or hardware,
including the structures disclosed in this specification and their structural equivalents, or in
combinations of one or more of them. Implementations may be realized as one or more computer
program products, i.e., one or more modules of computer program instructions encoded on a
computer readable medium for execution by, or to control the operation of, data processing
apparatus. The computer readable medium may be a machine-readable storage device, a machine-
readable storage substrate, a memory device, a composition of matter effecting a machine-readable
propagated signal, or a combination of one or more of them. The term “computing system”
encompasses all apparatus, devices, and machines for processing data, including by way of
example a programmable processor, a computer, or multiple processors or computers. The
apparatus may include, in addition to hardware, code that creates an execution environment for the

computer program in question, e.g., code that constitutes processor firmware, a protocol stack, a
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database management system, an operating system, or a combination of one or more of them. A
propagated signal is an artificially generated signal, e.g., a machine-generated electrical, optical,
or electromagnetic signal that is generated to encode information for transmission to suitable

receiver apparatus.

[0061] A computer program (also known as a program, software, software application, script, or
code) may be written in any appropriate form of programming language, including compiled or
interpreted languages, and it may be deployed in any appropriate form, including as a standalone
program or as a module, component, subroutine, or other unit suitable for use in a computing
environment. A computer program does not necessarily correspond to a file in a file system. A
program may be stored in a portion of a file that holds other programs or data (e.g., one or more
scripts stored in a markup language document), in a single file dedicated to the program in
question, or in multiple coordinated files (e.g., files that store one or more modules, sub programs,
or portions of code). A computer program may be deployed to be executed on one computer or
on multiple computers that are located at one site or distributed across multiple sites and

interconnected by a communication network.

[0062] The processes and logic flows described in this specification may be performed by one
or more programmable processors executing one or more computer programs to perform functions
by operating on input data and generating output. The processes and logic flows may also be
performed by, and apparatus may also be implemented as, special purpose logic circuitry, e.g., an

FPGA (field programmable gate array) or an ASIC (application specific integrated circuit).

[0063] Processors suitable for the execution of a computer program include, by way of example,
both general and special purpose microprocessors, and any one or more processors of any
appropriate kind of digital computer. Generally, a processor may receive instructions and data
from a read only memory or arandom access memory or both. Elements of a computer can include
a processor for performing instructions and one or more memory devices for storing instructions
and data. Generally, a computer may also include, or be operatively coupled to receive data from
or transfer data to, or both, one or more mass storage devices for storing data, e.g., magnetic,
magneto optical disks, or optical disks. However, a computer need not have such devices.
Moreover, a computer may be embedded in another device, e.g., a mobile telephone, a personal

digital assistant (PDA), a mobile audio player, a Global Positioning System (GPS) receiver, to
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name just a few. Computer readable media suitable for storing computer program instructions and
data include all forms of non-volatile memory, media and memory devices, including by way of
example semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices;
magnetic disks, e.g., internal hard disks or removable disks; magneto optical disks; and CD ROM
and DVD-ROM disks. The processor and the memory may be supplemented by, or incorporated

in, special purpose logic circuitry.

[0064] To provide for interaction with a user, implementations may be realized on a computer
having a display device, e.g., a CRT (cathode ray tube) or LCD (liquid crystal display) monitor,
for displaying information to the user and a keyboard and a pointing device, e.g., a mouse or a
trackball, by which the user may provide input to the computer. Other kinds of devices may be
used to provide for interaction with a user as well; for example, feedback provided to the user may
be any appropriate form of sensory feedback, e.g., visual feedback, auditory feedback, or tactile
feedback; and input from the user may be received in any appropriate form, including acoustic,

speech, or tactile input.

[0065] Implementations may be realized in a computing system that includes a back end
component, e.g., as a data server, or that includes a middleware component, e.g., an application
server, or that includes a front end component, e.g., a client computer having a graphical Ul or a
web browser through which a user may interact with an implementation, or any appropriate
combination of one or more such back end, middleware, or front end components. The
components of the system may be interconnected by any appropriate form or medium of digital
data communication, e.g., a communication network. Examples of communication networks

include a local area network (“LAN”) and a wide area network (“WAN”), e.g., the Internet.

[0066] The computing system may include clients and servers. A client and server are generally
remote from each other and typically interact through a communication network. The relationship
of client and server arises by virtue of computer programs running on the respective computers
and having a client-server relationship to each other. The computing system may also include any
number of peers which may be distributed and/or remote from one another. The peers may enter

into peer-to-peer relationships and establish peer-to-peer connections for communications.

[0067] While this specification contains many specifics, these should not be construed as

limitations on the scope of the disclosure or of what may be claimed, but rather as descriptions of
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features specific to particular implementations. Certain features that are described in this
specification in the context of separate implementations may also be implemented in combination
in a single implementation. Conversely, various features that are described in the context of a
single implementation may also be implemented in multiple implementations separately or in any
suitable sub-combination. Moreover, although features may be described above as acting in
certain combinations and even initially claimed as such, one or more features from a claimed
combination may in some examples be excised from the combination, and the claimed

combination may be directed to a sub-combination or variation of a sub-combination.

[0068] Similarly, while operations are depicted in the drawings in a particular order, this should
not be understood as requiring that such operations be performed in the particular order shown or
in sequential order, or that all illustrated operations be performed, to achieve desirable results. In
certain circumstances, multitasking and parallel processing may be advantageous. Moreover, the
separation of various system components in the implementations described above should not be
understood as requiring such separation in all implementations, and it should be understood that
the described program components and systems may generally be integrated together in a single

software product or packaged into multiple software products.

[0069] A number of implementations have been described. Nevertheless, it will be understood
that various modifications may be made without departing from the spirit and scope of the
disclosure. For example, various forms of the flows shown above may be used, with steps re-
ordered, added, or removed. Accordingly, other implementations are within the scope of the

following claims.
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[0001] Whatis claimed is:
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CLAIMS:

1. A computer-implemented method performed by at least one processor, the method
comprising:

in one or more layers of a convolutional neural network (CNN) executed by the at least
one processor, performing a first iteration that includes computing a value based on a first set of
most significant bits (MSBs) for each of a plurality of data sets;

examining, by the at least one processor, a first set of values computed for the plurality of
data sets in the first iteration to determine whether a maximum value is present among the first
set of values;

responsive to identifying the maximum value, performing, by the at least one processor, a
full precision computation of the value for a data set, of the plurality of data sets, that exhibited
the maximum value; and

propagating, by the at least one processor, the full precision computation of the value to a

subsequent layer of the CNN.

2. The method of claim 1, further comprising:

responsive to determining that the first set of values are the same, performing, by the at
least one processor, a second iteration that includes computing the value based on a second set of
MSBs for each of the plurality of data sets, the second set of MSBs being larger than the first set
of MSBs.

3. The method of claim 2, further comprising:

examining, by the at least one processor, a second set of values computed for the plurality
of data sets in the second iteration to determine whether the maximum value is present among
the second set of values; and

responsive to identifying the maximum value among the second set of values,
performing, by the at least one processor, the full precision computation of the value for a data

set, of the plurality of data sets, that exhibited the maximum value in the second iteration.

4. The method of claim 2, wherein the computing in each of the first iteration and the

second iteration employs a convolution and a pooling.

2
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5. The method of claim 4, wherein the convolution is a N x N convolution, where N is any
integer.

6. The method of claim 4, wherein the pooling is a N x N pooling, where N is any integer.
7. The method of claim 4, wherein the convolution is a 3 x 3 convolution, and the pooling is

a2 x 2 pooling.

8. The method of claim 2, wherein at least one of the first iteration and the second iteration

is performed with a precision less than that of the full precision computation.

9. The method of claim 8, wherein the precision is 8-bit precision.
10. The method of claim 1, wherein the CNN is employed to analyze an image.
11. The method of claim 1, wherein:

the first iteration computes a value that approximates the full precision computation of
the value; and
the full precision computation is performed on the data set the includes less data than the

plurality of data sets.

12. A system comprising:
at least one processor; and
memory communicatively coupled to the at least one processor, the memory storing
instructions which, when executed by the at least one processor, cause the at least one processor
to perform operations comprising:
in one or more layers of a convolutional neural network (CNN), performing a first
iteration that includes computing a value based on a first set of most significant bits

(MSBs) for each of a plurality of data sets;
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examining a first set of values computed for the plurality of data sets in the first
iteration to determine whether a maximum value is present among the first set of values;

responsive to identifying the maximum value, performing a full precision
computation of the value for a data set, of the plurality of data sets, that exhibited the
maximum value; and

propagating the full precision computation of the value to a subsequent layer of

the CNN.

13. The system of claim 12, the operations further comprising:

responsive to determining that the first set of values are the same, performing, by the at
least one processor, a second iteration that includes computing the value based on a second set of
MSBs for each of the plurality of data sets, the second set of MSBs being larger than the first set
of MSBs.

14. The system of claim 13, the operations further comprising:

examining, by the at least one processor, a second set of values computed for the plurality
of data sets in the second iteration to determine whether the maximum value is present among
the second set of values; and

responsive to identifying the maximum value among the second set of values,
performing, by the at least one processor, the full precision computation of the value for a data

set, of the plurality of data sets, that exhibited the maximum value in the second iteration.

15. The system of claim 13, wherein the computing in each of the first iteration and the

second iteration employs a convolution and a pooling.

16.  The system of claim 15, wherein the convolution is a N x N convolution, where N is any

integer.

17. The system of claim 15, wherein the pooling is a N x N pooling, where N is any integer.
4
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18.  The system of claim 15, wherein at least one of the first iteration and the second iteration

is performed with a precision less than that of the full precision computation.

19. The system of claim 12, wherein:

the first iteration computes a value that approximates the full precision computation of
the value; and

the full precision computation is performed on the data set the includes less data than the

plurality of data sets.

20. One or more computer-readable storage media storing instructions which, when executed
by at least one processor, cause the at least one processor to perform operations comprising;

in one or more layers of a convolutional neural network (CNN), performing a first
iteration that includes computing a value based on a first set of most significant bits (MSBs) for
each of a plurality of data sets;

examining a first set of values computed for the plurality of data sets in the first iteration
to determine whether a maximum value is present among the first set of values;

responsive to identifying the maximum value, performing a full precision computation of
the value for a data set, of the plurality of data sets, that exhibited the maximum value; and

propagating the full precision computation of the value to a subsequent layer of the CNN.
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ABSTRACT

Techniques are described for efficiently reducing the amount of total computation in
convolutional neural networks (CNNs) without affecting the output result or classification
accuracy. Computation redundancy in CNNs is reduced by exploiting the computing nature of the
convolution and subsequent pooling (e.g., sub-sampling) operations. In some implementations,
the input features may be divided into a group of precision values and the operation(s) may be
cascaded. A maximum may be identified (e.g., by 90% probability) using a small number of bits
in the input features, and the full-precision convolution may then be performed on the maximum
input. Accordingly, the total number of bits used to perform the convolution is reduced without

affecting the output features or the final classification accuracy.
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undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQ), the Japan Patent Office
{(JPO), the Korean Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of
China (SIPQO)}, the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 {opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[ ] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

IPR2025-01399
EFS Web2.2.13 CrowdStrike EX1002 Page 51



PTO/AIA/M4 (01-22)

Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Cffice; 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 | 22193-0137002

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

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 {(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.

Assignee Legal Representative under 35 U.5.C. 117 Joint Inventor

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

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

vI

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix

L4

4

Mailing Address Information For Applicant:

Address 1

Address 2

City State/Province
Countrﬂ Postal Code
Phone Number Fax Number
Email Address

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

Assignee Information including Non-Applicant Assignee 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.
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PTO/AIA/M4 (01-22)

Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Cffice; 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 | 22193-0137002

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

Assignee 1

Complete this section if assighee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information™ section will appear on the patent application
publication as an applicant. For an assighee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix
Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province

Countryi Postal Code

Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 2

selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or mare joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/Heather L. Flanagan/ Date (YYYY-MM-DD)| [2023-01-13
First Name | Heather Last Name | Flanagan Registration Number | 54101
Additional Signature may be generated within this form by selecting the Add button. Add
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PTO/AIA/M4 (01-22)

Approved for use through 05/31/2024. OMB 0651-0032

U.S. Patent and Trademark Cffice; 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 | 22193-0137002

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

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, Alexandna, 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 tc 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 informaticn 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 tc 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.5.C. 552) and the Privacy
Act (5 US.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.

Arecord in this system of reccerds 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 tc 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 Internaticnal Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

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 geverning 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.5.C.
122(b) or issuance of a patent pursuant to 35 US.C. 151. Further, a record may be disclesed, 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 cr 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 viclation of law or regulation.
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A\ UNITED STATES PATENT AND TRADEMARK OFFIGE
N

S

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

P.0. 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 CLAIMS | IND CLAIMS
18/154,727 01/13/2023 0 22193-0137002 20 3
CONFIRMATION NO. 4440
20985 FILING RECEIPT

FSH 3 FIGHARDSON .. (0 O

MINNEAPOLIS, MN 55440-1022
Date Mailed: 02/23/2023

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR, 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 corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable.

Inventor(s)
Jae-sun Seo, Tempe, AZ;
Minkyu Kim, Chandler, AZ;
Applicant(s)
Jae-sun Seo, Tempe, AZ;
Minkyu Kim, Chandler, AZ;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 16/335,775 03/22/2019 PAT 11,556,779
which is a 371 of PCT/US2017/052736 09/21/2017
which claims benefit of 62/399,753 09/26/2016

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 Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

page 1 of 3

IPR2025-01399
CrowdStrike EX1002 Page 56



Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 02/22/2023

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 18/154,727

Projected Publication Date: To Be Determined - pending completion of Missing Parts.

Non-Publication Request: No

Early Publication Request: No

Title

CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

Preliminary Class

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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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 18/154,727
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
B o) N/A N/A N/A N/A 320
SEARCH FEE
(37 CFR 11600, (), or (m) N/A N/A N/A N/A 700
EXAMINATION FEE
i e N/A N/A N/A N/A 800
TOTAL CLAIMS . *
(37 GFR 1.16(i)) 20 minus 20 = 0 OR Ix 0
INDEPENDENT CLAIMS ’ *
(37 GFR 1.16(h)) 3 minus 8 = X 0
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1820
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
w Total g i - =
> (37 CF?{ ?.160)) Minus X = OR X
[ - - =
E ((ISI;%erRe? .?g(ﬂt)) s x = OR |x
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
U1] Total * Minus o = X =
= @7 CF?{ ?.160)) OR |x
% Independent * Minus | ** = M _ OR |x
w (37 CFR 1.16(h}) B
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
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.
** If 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".
he "Hi i Pai l nial} a b I box in column ]
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A\ UNITED STATES PATENT AND TRADEMARK OFFIGE
N

S

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

P.0. Box 1450

Alexandria, Virginia 22313-1450

‘www.uspto.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
18/154,727 01/13/2023 Jae-sun Seo 22193-0137002
CONFIRMATION NO. 4440
20985 FORMALITIES LETTER
FISH & RICHARDSON P.C. (SD
.0 BOX 1022 > A MDA
0C000000054014460

MINNEAPOLIS, MN 55440-1022
Date Mailed: 02/23/2023

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

An application number and filing date have been accorded to the above-identified nonprovisional application. The
item(s) indicated below, however, are missing. Applicant is given TWO MONTHS from the date of this Notice
within which to file all required items below to avoid abandonment. Extensions of time may be obtained by filing a
petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

« The statutory basic filing fee has not been received.

« The application search fee must be submitted.
+ The application examination fee must be submitted.
« Surcharge as set forth in 37 CFR 1.16(f} has not been received.

The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,

« late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
« submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required (including the fees noted above) are as follows. No entity status discount is in effect. If
applicant is qualified for small entity status, a written assertion of small entity status must be submitted to
establish small entity status. (See 37 CFR 1.27). If applicant is qualified for micro entity status, an acceptable
Certification of Micro Entity Status must be submitted to establish micro entity status. (See 37 CFR 1.29 and
forms PTO/SB/15A and 15B.)

« $320 basic filing fee.

« $160 surcharge.

« $700 search fee.

« $800 examination fee.

« $(0) previous unapplied payment amount.
+« $1980 TOTAL FEE BALANCE DUE.
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be addressed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

REPLY VIA ELECTRONIC FILING

A reply may be submitted via electronic filing only by registered users of the appropriate USPTO patent electronic
filing system and must include:
« A separate document having the document description, "Applicant response to Pre-Exam Formalities
Notice"; and
« the item(s) for which a reply period is set forth above.

For more information about electronic filing, contact the Patent Electronic Business Center (EBC) 1-866-217-9197
or visit htips /e, usplo.goviebe

NOTE: If the reply is not being submitted electronically, a copy of this notice must be included.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/azahmed/
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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.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
18/154,727 Jae-sun Seo 22193-0137002
CONFIRMATION NO. 4440
20985 WITHDRAWAL NOTICE
FISH & RICHARDSON P.C. (SD
.0 BOX 1022 > [T AT
0C000000054065795

MINNEAPOLIS, MN 55440-1022
Date Mailed: 02/24/2023

Letter Regarding a New Notice and/or the Status of the Application

If a new notice or Filing Receipt is enclosed, applicant may disregard the previous notice mailed on
02/23/2023. The time period for reply runs from the mail date of the new notice. Within the time period
for reply, applicant is required to file a reply in compliance with the requirements set forth in the new
notice to avoid abandonment of the application.

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserL.ocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at
1-866-217-9197 or visit our website at http://www.uspto.gov/ebc.

If the reply is not filed electronically via EFS-Web, the reply must be accompanied by a copy of
the new notice.

If the Office previously granted a petition to withdraw the holding of abandonment or a petition to
revive under 37 CFR 1.137, the status of the application has been returned to pending status.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/ngfissha/
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2\ UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSION'ER FOR PATENTS
P.0. Box 1450
Alexandria, Virginia 22313-1450
wwwuspm g0V

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS | IND CLAIMS
18/154,727 01/13/2023 0 22193-0137002 20 3
CONFIRMATION NO. 4440
20985 FILING RECEIPT

FSH 3 FIGHARDSON .. (0 A

MINNEAPOLIS, MN 55440-1022
Date Mailed: 02/24/2023

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR, 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 corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable.

Inventor(s)
Jae-sun Seo, Tempe, AZ;
Minkyu Kim, Chandler, AZ;
Applicant(s)
Jae-sun Seo, Tempe, AZ;
Minkyu Kim, Chandler, AZ;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 16/335,775 03/22/2019 PAT 11,556,779
which is a 371 of PCT/US2017/052736 09/21/2017
which claims benefit of 62/399,753 09/26/2016

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 Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 02/22/2023

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 18/154,727

Projected Publication Date: To Be Determined - pending completion of Missing Parts.
Non-Publication Request: No

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

CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

Preliminary Class

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
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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).

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
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 18/154,727
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 OFR 1.16(3), b), or (©) N/A N/A N/A N/A 64
SEARCH FEE
AT o N/A N/A N/A N/A 140
EXAMINATION FEE
i e N/A N/A N/A N/A 160
TOTAL CLAIMS . *
(37 GFR 1.16(i)) 20 minus 20 = 0 OR Ix 0
INDEPENDENT CLAIMS ’ *
(37 GFR 1.16(h)) 3 minus 8 = X 0
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 364
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
w Total g i - =
> (37 CF?{ ?.160)) Minus X = OR X
[ - - =
E ((ISI;%erRe? .?g(ﬂt)) Minos X = OR [«
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
U1] Total * Minus o = X =
= @7 CF?{ ?.160)) OR |x
% Independent * Minus | ** = M _ OR |x
w (37 CFR 1.16(h}) B
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
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.
** If 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".
he "Hi i Pai l nial} a b I box in column ]
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A\ UNITED STATES PATENT AND TRADEMARK OFFIGE
N

S

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

P.0. Box 1450

Alexandria, Virginia 22313-1450

‘www.uspto.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
18/154,727 01/13/2023 Jae-sun Seo 22193-0137002
CONFIRMATION NO. 4440
20985 FORMALITIES LETTER
FISH & RICHARDSON P.C. (SD
.0 BOX 1022 > (AR T MACTCAREATIO b
0C000000054065888

MINNEAPOLIS, MN 55440-1022
Date Mailed: 02/24/2023

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

An application number and filing date have been accorded to the above-identified nonprovisional application. The
item(s) indicated below, however, are missing. Applicant is given TWO MONTHS from the date of this Notice
within which to file all required items below to avoid abandonment. Extensions of time may be obtained by filing a
petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

« The statutory basic filing fee has not been received.

« The application search fee must be submitted.
+ The application examination fee must be submitted.
« Surcharge as set forth in 37 CFR 1.16(f} has not been received.

The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,

« late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
« submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required (including the fees noted above) are as follows. Micro entity discount is in effect.
« $64 basic filing fee.

+ $32 surcharge.

» $140 search fee.

+ $160 examination fee.

« $(0) previous unapplied payment amount.
+« $396 TOTAL FEE BALANCE DUE.

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.
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Replies should be addressed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

REPLY VIA ELECTRONIC FILING

A reply may be submitted via electronic filing only by registered users of the appropriate USPTO patent electronic
filing system and must include:
« A separate document having the document description, "Applicant response to Pre-Exam Formalities
Notice"; and
« the item(s) for which a reply period is set forth above.

For more information about electronic filing, contact the Patent Electronic Business Center (EBC) 1-866-217-9197
or visit hitos e usplo.goviehe

NOTE: If the reply is not being submitted electronically, a copy of this notice must be included.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/ngfissha/
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. 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 displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
Substitute for Form PTO-875 18/154,727 01/13/2023 (70 be Mailed
ENTITY: {JLARGE [ SMALL MICRO
APPLICATION AS FILED - PART |
(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
(] BAsiC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
() SEARCH FEE
(37 CFR 1.16(k), (i), or (m)) N/A N/A N/A
(] EXAMINATION FEE
(37 CFR 1.16(0), (p), or () N/A N/A N/A
TOTAL CLAIMS . R
(37 CFR 1.16(i)) minus 20 = x 8 =
INDEPENDENT CLAIMS . R
(37 GFR 1.16(h)) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
D'ST:ELIE?QON SIZE FEE (37 for small entity) for each additional 50 sheets or
16(s)) fraction thereof. See 35 U.S.C. 41 (a)(1)(G) and 37
CFR 1.16(s).
(7J MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
- 03/30/2023 ;{E#"E/'\F'{N'NG Eg'g\‘zasw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * - *x _ _
E (37 CFR 1.16(i)) 19 Minus 20 =0 X $ ~ 0
4 B ) .
Gl rees |2 winus | **3 -0 xS - 0
< ] Application Size Fee (37 CFR 1.16(s))
[:] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REA"FAT'EL{NG PRNEli/'\IAC?LIJESRLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
LU | Total * ; *x = =
= | (37CFR 1160} Minus — X $ ~
[a) .
E !23&%8{1%%?; ) Minus | *** = X 3 =
5 (] Application Size Fee (37 CFR 1.16(s))

(_J FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))

TOTAL ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.

LIE

** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

/AMANDA N FORD/

*** If 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 number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. 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 12 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.
/f you need assistance in completing the form, call 1-800-PT0-9199 and sefect option 2.
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Attorney's Docket No.: 22193-0137002 / M16-180P-US2-b

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor :

Application No.
Filed
Title

Commissioner for Patents

P.O. Box 1450

Jae-sun Seo Art Unit . Unknown
18/154,727 Examiner . Unknown
January 13, 2023 Conf No. : 4440

CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL
NETWORKS

Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

Prior to examination, please amend the application as indicated on the following pages.
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First Named Inventor :  Jae-sun Seo Attorney Docket No.: 22193-0137002 / M16-180P-

Application No. : 18/154,727 US2-b
Filed : January 13, 2023
Page : 20of5

Amendments to the Claims:

This listing of claims replaces all prior versions and listings of claims in the application:

Listing of Claims:

1. - 20. (Cancelled)

21. (New) A method of synthesizing upconverting nanoparticles, the method comprising:
heating a precursor solution comprising two or more rare earth salts, an alkali metal salt
or an alkaline earth salt, and a solvent in a microwave reactor to yield a product mixture; and
cooling the product mixture to yield the upconverting nanoparticles,
wherein at least one of the two or more rare earth salts comprises trifluoroacetate and at
least one of the two or more rare earth salts comprises acetate, and the solvent comprises oleic

acid and a plasticizer including one or both of dioctyl terephthalate and bis(2-ethylhexyl) adipate.

23. (New) The method of claim 21, wherein the one or more rare earth salts comprise one or

more of yttrium, ytterbium, and erbium.

24. (New) The method of claim 21, wherein a boiling point of the plasticizer at atmospheric

pressure is at least 320°C.

25. (New) The method of claim 21, wherein a dielectric permittivity of the plasticizer is at

least 4.

26. (New) The method of claim 21, wherein the plasticizer further comprises dibutyl
phthalate.

27. (New) The method of claim 21, comprising heating the precursor solution to a

temperature of at least 280 °C.
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First Named Inventor :  Jae-sun Seo Attorney Docket No.: 22193-0137002 / M16-180P-

Application No. : 18/154,727 US2-b
Filed : January 13, 2023
Page : 3of5

28. (New) The method of claim 27, comprising heating the precursor solution to a

temperature of at least 305 °C.

29. (New) The method of claim 21, wherein heating the product mixture comprises heating

for a length of time between 5 minutes and 45 minutes.

30. (New) The method of claim 21, further comprising flowing the precursor solution

through the microwave reactor.

31. (New) A method of synthesizing core-shell upconverting nanoparticles, the method
comprising:

heating a precursor solution comprising two or more rare earth metal salts, an alkali metal
salt or an alkaline earth metal salt, and a solvent in a microwave reactor;

combining the upconverting nanoparticles of claim 1 with the precursor solution to yield
a nanoparticle mixture;

heating the nanoparticle mixture in the microwave reactor to yield a product mixture; and

cooling the product mixture to yield the core-shell upconverting nanoparticles,

wherein at least one of the two or more rare earth salts comprises trifluoroacetate and at
least one of the two or more rare earth salts comprises acetate, and the solvent comprises oleic

acid and a plasticizer including one or both of dioctyl terephthalate and bis(2-ethylhexyl) adipate.

32. (New) The method of claim 31, wherein the upconverting nanoparticles comprise cubic

nanoparticles.

33. (New) The method of claim 31, wherein the upconverting nanoparticles comprise

hexagonal nanoparticles.

34. (New) The method of claim 31, wherein a boiling point of the plasticizer at atmospheric

pressure is at least 320°C.
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First Named Inventor :  Jae-sun Seo Attorney Docket No.: 22193-0137002 / M16-180P-

Application No. : 18/154,727 US2-b
Filed : January 13, 2023
Page : 4 of 5

35. (New) The method of claim 31, wherein a dielectric permittivity of the plasticizer is at

least 4.

36. (New) The method of claim 31, wherein the plasticizer further comprises dibutyl
phthalate.

37. (New) The method of claim 31, comprising heating the precursor solution to a

temperature of at least 280 °C.

38. (New) The method of claim 37, comprising heating the precursor solution to a

temperature of at least 305 °C.

39. (New) The method of claim 31, further comprising flowing the precursor solution

through the microwave reactor.
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First Named Inventor :  Jae-sun Seo Attorney Docket No.: 22193-0137002 / M16-180P-

Application No. : 18/154,727 US2-b
Filed : January 13, 2023
Page : 50of5

REMARKS

Claims 1-20 have been cancelled. Claims 21-39 have been added, with claims 21 and 31
being independent. No new matter has been introduced. Applicant asks that all claims be
examined in view of the amendments to the claims.

Please apply any necessary charges or credits to Deposit Account 06-1050, referencing

the above attorney docket number.

Respectfully submitted,

Date: March 30, 2023 /Heather L. Flanagan/
Heather L. Flanagan, Reg. No. 54,101

Customer Number 20985

Fish & Richardson P.C.
Telephone: +1 (512) 226-8156
Facsimile: (877) 769-7945

100850824.doc
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Attorney Docket No.: 22193-0137002 / Client Ref: M16-180P-US2-b

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor :

Application No.
Filed
Title

Jae-sun Seo Art Unit . Unknown
18/154,727 Examiner . Unknown
January 13, 2023 Conf No. : 4440

CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL
NETWORKS

MAIL STOP MISSING PARTS

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

REPLY TO NOTICE TO FILE MISSING PARTS OF APPLICATION

In response to the Notice to File Missing Parts of Application under 37 CFR §1.53(b)

dated February 24, 2023, applicant claims micro entity status (see 37 CFR §1.27) and submits

herewith the following:

Payment of the basic filing fee of $64;

X K K

Payment of the search fee of $140;
Payment of the examination fee of $160;

Payment of the surcharge of $32 for late filing of the basic filing fee and/or

declaration; and

Certification of Micro Entity Status.

The fees in the amount of $396 are being paid with this reply on the Electronic Filing

System. Apply any necessary charges or credits to Deposit Account 06-1050, referencing the

above attorney docket number.

Date: March 30, 2023

Respectfully submitted,

/Heather L. Flanagan/

Customer Number 20985
Fish & Richardson P.C.

Heather L. Flanagan, Reg. No. 54,101

Telephone: +1 (512) 226-8156
Facsimile: (877) 769-7945

100850821.doc
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UNITED STATES Nexangrin VA aaaiet 1488

PATENT AND TRADEMARK OFFICE T WA usnto.gov

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/154,727 03/30/2023 02:33:15 PM ET 22193-0137002

Title of Invention
CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USC 111(a)

CONFIRMATION # 4440 FILED BY Veronica Juarez
PATENT CENTER # 61841350 FILING DATE  01/13/2023
CUSTOMER # 20985 FIRST NAMED  Jae-sun Seo
INVENTOR
CORRESPONDENCE - AUTHORIZED BY Heather Flanagan
ADDRESS

Documents TOTAL DOCUMENTS: 4
DOCUMERNTY FAGES  DESCRIPTION QL (K8
221U3-0137002_PAPDF 5 - 58 KB

22193- 37002 PA- {1-1} 1 Prefiminary Amendment 40 KB

A PE . pdf

S2193-0137002_PA- {2-4} 3 Claims 53 KB

CLM.pdi

22193-0137002_PA- {5-5) 1 Applicant Arguments/Remarks 41 KB

REM. paf Made in an Amendmant

221493~ 1 Appdicant Responge {0 Pre- 58 KB
(137002_RespMP.PODE Exam Formalities Notice
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This Ackrowledgement Receipt evidences recep! on the noted dats by the USPTO of the mndicated documents, characterized
by the applicant, and including pags counts, where appiicabla. IF sarves as svidence of recsipt similar to a Post Card, as

d< ssoroad in MPER 533‘

New Applications Under 35 US.C. 111

H a now application is baing filsd and the application Includes the necessary componenis for ling date (sse 37 OFR 1.58(0-(d)
and MPER 508), a Filing Haceipl (37 OFR 1.54) will be issued in due course and the date shown on this Acknowladgernant
Raceipt will estabiish the filing daa‘e of the application

National Stage of an intermnational Spplication under 38 US.C, 371
fi a timely submission to enter the nadional stags of an international apghcation is compliant with the conditions (i 35 U0
371 and other applicable requirements a Form PCT/DOYEQ/SOS indicaling acceptance of the application as a national slags

subivission under 35 UL.E.C. 371 will be issuad in addition 1o the Filing Receipt, in due course.

New International Application Flled with the USPTO as a Hegelving Qffics

i a naw infernalional appiication s being filed and the International application ingludes the necessary components for an
nfernational ing date (see POT Article 11 and MP L»* 18103, a Notification of the International Application Number and of i%
International Filing Date (Form PCT/RO0E) will be issued In due course, subject 10 prescriptions conceming nalional sequ
ardd the date shown on this Ackrowledgement Rt:ﬁt%_ Pwill establish the international Hling date of the application,
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UNITED STATES o eo Becias
PATENT AND TRADEMARK OFFICE A, Y o oo

Usnto.gov

ELECTRONIC PAYMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/154,727 Q320233 B2 331G PM EY 2218337002

Title of Invention
CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

Application Information

APPLICATION TYPE  Uiility - Nonprovisional Application PATENT # -
under 35 USC 111i{a)

CONFIRMATION # 4448 FILED BY Varonica duarez
PATENT CENTER # §1R341350 AUTHORIZED BY Heather Flanagan
CUSTOMER # 20385 FILING DATE §#/13/2023
CORRESPONDENCE - FIRST NAMED aec-sun Seo
ADDRESS INVENTOR

Payment Information

PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY

84/ 081050 E20333TE4088120 Veronics Juarez

FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)
30581 SURCHARGE- LATE FILING FEE, 32.00 1 32.00

SEARCH FEE, EXAMINATION FEE,
INVENTOR'S CGATH OR
DECLARATION, OR APPLICATION
FILED WITRHOQUT AT LEAST ONE
CLAIM OR BY REFERENCE

3t UTHATY PATENT APPL. SEARCH 140.00 1 144.00
FEE
30 BASIKS FILING FPEE - UTILITY (FAPER 54.00 1 64,00

FILING ALSO REQUIRES NON-
ELECTRONIC FILING FEE UNDER
18T
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33711 EXAMINATION OF ORIGINAL 160.00 1 166.00
PATENT APPLICATION

TOTAL $388.00
AMOUNT:

= y

This Acknowledgement Racsipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
e

b serves as evidencs of receipt similar to a Post Card, as

By the applicant, and including pags counts, where ap
desaribed in MPER 508

New Applications Under 35 U.8.0. T

fa new application is being Sled and the J;,sisnamn inciuce asaary components for filing date (see 37 CFR1.53 L} i
and MPEP 808}, a Filing Receipt (37 CFR 1.54) wili ba issued in dus courss and tha date shown on this Acknowledgame
Racaipt will establish the filing date of the application

National Stage of an International Application under 38 UE.C. 381

if a timely subrission fo enter the national stage of an inlsmational application s compliant with the conditions of 35 U.S.0.
371 and other applicabls requiremenia a Mm PLT/OOMEDGB0S indicating ascs ,:,iar cg of the application as a national stage

sut:m.\mém under 35 L.8.C. 371 will be issued in addition i the Fiing Hecsipt, in dus cowss.

New International Application Flled with the USPTO as 2 Recsiving Offics

i g new intemational ao{- Hoation is baing fled and the international application includes the nacassary compoenanis for an
international filing date (see PUT Article 11 and MPEP {810}, & Notification of the infernational Application Number and of the
International Filing Sa-:‘. g {Form POT/RO/IT0S) will be issusd in dus course, subjsct {o prescriptions congeming national sacurily,
and the date shown on this Acknowledgement '%<:c il will esiablish the international filing date of the application.
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A\ UNITED STATES PATENT AND TRADEMARK OFFIGE
N

S

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

P.0. 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 CLAIMS | IND CLAIMS
18/154,727 01/13/2023 396 22193-0137002 18 2
CONFIRMATION NO. 4440
20985 UPDATED FILING RECEIPT

FSH 3 FIGHARDSON .. (0 T e

MINNEAPOLIS, MN 55440-1022
Date Mailed: 04/04/2023

Receipt is acknowledged of this non-provisional utility 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 FIRST INVENTOR, 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 corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction 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 provided that the request is grantable.

Inventor(s)
Jae-sun Seo, Tempe, AZ;
Minkyu Kim, Chandler, AZ;
Applicant(s)
Jae-sun Seo, Tempe, AZ;
Minkyu Kim, Chandler, AZ;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 16/335,775 03/22/2019 PAT 11,556,779
which is a 371 of PCT/US2017/052736 09/21/2017
which claims benefit of 62/399,753 09/26/2016

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 Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 02/22/2023

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 18/154,727

Projected Publication Date: 07/13/2023
Non-Publication Request: No

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

CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

Preliminary Class

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
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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).

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
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 18/154,727
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 OFR 1.16(3), b), or (©) N/A N/A N/A N/A 64
SEARCH FEE
AT o N/A N/A N/A N/A 140
EXAMINATION FEE
i e N/A N/A N/A N/A 160
TOTAL CLAIMS . *
(37 GFR 1.16(i)) 18 minus 20 = 0 OR Ix 0
INDEPENDENT CLAIMS ’ *
(37 GFR 1.16(h)) 2 minus 8 = X 0
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 364
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
w Total g i - =
> (37 CF?{ ?.160)) Minus X = OR X
[ - - =
E ((ISI;%erRe? .?g(ﬂt)) Minos X = OR [«
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
U1] Total * Minus o = X =
= @7 CF?{ ?.160)) OR |x
% Independent * Minus | ** = M _ OR |x
w (37 CFR 1.16(h}) B
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
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.
** If 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".
he "Hi i Pai l nial} a b I box in column ]
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Attorney's Docket No.: 22193-0137002 / M16-180P-US2-b

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor :
Application No.

Filed

Title

Commissioner for Patents
P.O. Box 1450

Jae-sun Seo Art Unit . Unknown
18/154,727 Examiner . Unknown
January 13, 2023 Conf No. : 4440

CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL
NETWORKS

Alexandria, VA 22313-1450

SECOND PRELIMINARY AMENDMENT

Prior to examination, please amend the application as indicated on the following pages.
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First Named Inventor :  Jae-sun Seo Attorney Docket No.: 22193-0137002 / M16-180P-

Application No. : 18/154,727 US2-b
Filed : January 13, 2023
Page : 20of3

Amendments to the Claims:

This listing of claims replaces all prior versions and listings of claims in the application:

Listing of Claims:

1. - 39.(Cancelled)

40. (New) One or more computer-readable storage media storing instructions which, when
executed by at least one processor, cause the at least one processor to perform operations
comprising:

in one or more layers of a convolutional neural network (CNN), performing a first
iteration that includes computing a value based on a first set of most significant bits (MSBs) for
each of a plurality of data sets;

examining a first set of values computed for the plurality of data sets in the first iteration
to determine whether a maximum value is present among the first set of values;

responsive to identifying the maximum value, performing a full precision computation of
the value for a data set, of the plurality of data sets, that exhibited the maximum value; and

propagating the full precision computation of the value to a subsequent layer of the CNN.
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First Named Inventor :  Jae-sun Seo Attorney Docket No.: 22193-0137002 / M16-180P-

Application No. : 18/154,727 US2-b
Filed : January 13, 2023
Page : 3of3

REMARKS

Claim 40 is pending. Claims 21-39 have been cancelled, and claim 40 has been added.
No new matter has been introduced. Applicant asks that all claims be examined in view of the
amendments to the claims.

Please apply any necessary charges or credits to Deposit Account 06-1050, referencing

the above attorney docket number.

Respectfully submitted,

Date: April 5, 2023 /Heather L. Flanagan/
Heather L. Flanagan, Reg. No. 54,101

Customer Number 20985

Fish & Richardson P.C.
Telephone: +1 (512) 226-8156
Facsimile: (877) 769-7945

100850824.doc
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PO Box 1480

UNITED STATES et e 2B 1480
PATENT AND TRADEMARK OFFICE AN Yt topto G0

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
18/154,727 04/05/2023 03:44:12 PM ET 22193-0137002

Title of Invention
CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USC 111(a)

CONFIRMATION # 4440 FILED BY Veronica Juarez
PATENT CENTER # 61872741 FILING DATE  01/13/2023
CUSTOMER # 20985 FIRST NAMED Jae-sun Seo
INVENTOR
CORRESPONDENCE - AUTHORIZED BY Heather Flanagan
ADDRESS

Documents TOTAL DOCUMENTS: 3
DOCUMERNTY PAGES  DESCRIPTION SITE (KR
22193-H 37002 _PAZ PDF 3 - 47 KB

22193-01 37002 PAZ- {1-1} 1 Prefiminary Amendment 40 KB

A PE pdt

22193-0137002_PAZ- {2-2) 1 Claims 42 KB

CLM.pdf

22193-0137002_PAZ- {3-3) 1 Applicant Arguments/Remarks 44 KB

REM.pdi Made in an Amendmeant

Digest
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GOCUMENY MESSAGE DIGEST(SHA-S18)
22193-0137002_PAZ FPDF 891F40B80A20BCERTC4AFFRDORT1G0BSADOETCDEZBABR4BESC

R7EATDDADAZSTERSDOETAZCBFoCHBFF7OTERTZFESDDBOLS
SBFODFBCLT7464AR328CCRCET0ETARZRC

22183-0137002_FAZ-A PR pdf SEQ2303778BCRGE 35%8;5\45??Aéi-%%‘"‘@ﬁﬁ%ﬂﬁﬁﬁ%ﬁ&iﬁﬁ?ﬁ% 10F0e50
71 EE:S{}Fs:‘Eﬁ‘e{MGQQ%BSEL’%EQFEQSSBEQS??F' Ce3E12BFFCS

ESAAASTIDDT4ABLECOTORERO3DADRDSYY
22193-0137002_PAZ-CLM.pdt FEFATCT9E0453A3E04BE887 AAAZE8T13DAGRBATR24AZEAQDSETY

BEFTAZEOIBEY780F4IGETDRMEARTIFR2DAZFBOR0RTFZT0RS E
JOABSSABRCIETTAFDDZESS816ED488
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22193-0137002_PAZ-REM pdi 2C3HB4DTCHE0G4A860716720CRBDFEFARZAONG4E TR ‘FG‘?"@EF
CCOCCOEB4EAACZE8UEDECISDEBAGRN34COF4TIAATCABSRS
CRA08060445480B3BFTRIADOSCBCCF?

This Ackn Qﬁ:‘it@"}@'“"@r‘i Receipt svidances racaint on the notad date by the USPTO of the indicated documents, characiarizad
by the applicant, and including page counis, Jvhere appiicable. It serves as evidencs of raceipt similar to a Post Card, as
describied in ME’:_.F-’ 5073,

New Applications Under 35 LS.C, 111

i a new application is being filed and the application includes the necessary componanis for fff‘rﬁg date {see 37 OFR 1.53{L)-{ch
and MPE P 506}, a Filing Receipt (37 CGFR 1.54) wili ba issued in dus courss and the dgate shown on this Acknowledgement

Recept will asla b ish the Hiling date of the application

National Stage of an international Apphication under 358 US.C. 371
511L8.C.

#a himely submission o enter the nationad slage of an intemational application s compliant with the conditions of 35
} nal stage

35
and other applicable regquiraments a Form PCT/DOEGANS indicating acceptancs of the application as a natio
subrnission under 35 U.S.C. 371 will he issued in addition o the Fiiing Recaipl, in dus cowrss.

a7

New international Applicadion Filed with the USPTO as a Recsiving Office
i a new international ;mpf‘mtiﬂ- 3 being Red and the international application includas the necessary components for an
nternational filing date (ses PCT Article 11 wd MEER 1810), a Notification of the Inlernabional L\ps\i tiors Number and of the
international Filing {uu {Form POT/RGMADSE) will be issuad in dus courss, subject to prascriptions concarming national securty,
and the dale shown on this Acknowledgement Recsipt will asiablish the infernational filing dale of the appiicai‘mn.
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. 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 displays a valid OMB control number.

Application or Docket Number Filing Date
PATENT APPLICgIt!gmtEfEFchE-lF-’Eg-wg]AﬂoN RECORD 187154 797 01132023 3o be Maied
ENTITY: [JLARGE (] SMALL MICRO

APPLICATION AS FILED - PARTI

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
(] BAsiC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
() SEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A
(] EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A
TOTAL CLAIMS . *
(37 GFR 1.16(i)) minus 20 = x 520 -
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) minus 3 = x $96 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Déi;“f?gg;‘ SIZE FEE (37 for small entity) for each additional 50 sheets or
’ fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
(7] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
— 04/17/2023 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ; *x _ _
= ., 11 Minus | = 20 -0 x $20 - 0
Z | Independent B : xx B —
g (37 CFF:% 1.16(h)) 1 Minus 3 =0 x $96 = 0
< ] Application Size Fee (37 CFR 1.16(s))
[:] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
LU | Total * ; *x = =
= | (37CFR1.160) Minus = x $0 =
O | Independent B : oxn -
E @37 CFF:% 1.16()) Minus = x 0 -
S | (O Application Size Fee (37 CFR 1.16(s))
< D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
** If the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20". /VENICE M WILLIAMS/
*** If 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 number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. 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 12 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.

/f you need assistance in completing the form, call 1-800-PT0-9199 and sefect option 2.
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Attorney's Docket No.: 22193-0137002 / M16-180P-US2-b

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor :
Application No.

Filed

Title

Commissioner for Patents
P.O. Box 1450

Jae-sun Seo Art Unit . Unknown
18/154,727 Examiner . Unknown
January 13, 2023 Conf No. : 4440

CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL
NETWORKS

Alexandria, VA 22313-1450

THIRD PRELIMINARY AMENDMENT

Prior to examination, please amend the application as indicated on the following pages.
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First Named Inventor :  Jae-sun Seo Attorney Docket No.: 22193-0137002 / M16-180P-

Application No. : 18/154,727 US2-b
Filed : January 13, 2023
Page : 20of5

Amendments to the Claims:

This listing of claims replaces all prior versions and listings of claims in the application:

Listing of Claims:

1. - 39.(Cancelled)

40.  (Currently Amended) One or more non-transitory, computer-readable storage media
storing instructions which, when executed by at least one processor, cause the at least one
processor to perform operations comprising:

in one or more layers of a convolutional neural network (CNN), performing a first
iteration that includes computing a value based on a first set of most significant bits (MSBs) for
each of a plurality of data sets;

examining a first set of values computed for the plurality of data sets in the first iteration
to determine whether a maximum value is present among the first set of values;

responsive to identifying the maximum value, performing a full precision computation of
the value for a data set, of the plurality of data sets, that exhibited the maximum value; and

propagating the full precision computation of the value to a subsequent layer of the CNN.

41. (New) The one or more non-transitory, computer-readable storage media of claim 40,
further comprising:

responsive to determining that the first set of values are the same, performing, by the at
least one processor, a second iteration that includes computing the value based on a second set of
MSBs for each of the plurality of data sets, the second set of MSBs being larger than the first set
of MSBs.

42. (New) The one or more non-transitory, computer-readable storage media of claim 41,
further storing instructions, which, when executed by the at least one processor, cause the at least

one processor to perform operations comprising;
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Application No. : 18/154,727 US2-b
Filed : January 13, 2023
Page : 3of5

examining a second set of values computed for the plurality of data sets in the second
iteration to determine whether the maximum value is present among the second set of values;
and

responsive to identifying the maximum value among the second set of values,
performing, by the at least one processor, the full precision computation of the value for a data

set, of the plurality of data sets, that exhibited the maximum value in the second iteration.

43, (New) The one or more non-transitory, computer-readable storage media of claim 41,
wherein the computing in each of the first iteration and the second iteration employs a

convolution and a pooling.

44, (New) The one or more non-transitory, computer-readable storage media of claim 43,

wherein the convolution is a N X N convolution, where N is any integer.

45. (New) The one or more non-transitory, computer-readable storage media of claim 43,

wherein the pooling is a N x N pooling, where N is any integer.

46. (New) The one or more non-transitory, computer-readable storage media of claim 43,

wherein the convolution is a 3 x 3 convolution, and the pooling is a 2 x 2 pooling.

47. (New) The one or more non-transitory, computer-readable storage media of claim 41,
wherein at least one of the first iteration and the second iteration is performed with a precision

less than that of the full precision computation.

48. (New) The one or more non-transitory, computer-readable storage media of claim 47,

wherein the precision is 8-bit precision.

49. (New) The one or more non-transitory, computer-readable storage media of claim 40,

wherein the CNN is employed to analyze an image.
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First Named Inventor :  Jae-sun Seo Attorney Docket No.: 22193-0137002 / M16-180P-

Application No. : 18/154,727 US2-b
Filed : January 13, 2023
Page : 4 of 5
50. (New) The one or more non-transitory, computer-readable storage media of claim 40,
wherein:

the first iteration computes a value that approximates the full precision computation of

the value; and

the full precision computation is performed on the data set that includes less data than the

plurality of data sets.
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Application No. : 18/154,727 US2-b
Filed : January 13, 2023
Page : 50of5

REMARKS

Claims 40-50 are pending. Claims 1-39 have been cancelled, claim 40 has been
amended, and claims 41-50 have been added. No new matter has been introduced. Applicant
asks that all claims be examined in view of the amendments to the claims.

Please apply any necessary charges or credits to Deposit Account 06-1050, referencing

the above attorney docket number.

Respectfully submitted,

Date: April 17, 2023 /Heather L. Flanagan/

Heather L. Flanagan,
Reg. No. 54,101

Customer Number 20985

Fish & Richardson P.C.
Telephone: +1 (512) 226-8156
Facsimile: (877) 769-7945
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CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USC 111(a)

CONFIRMATION # 4440 FILED BY Veronica Juarez
PATENT CENTER # 61934080 FILING DATE  01/13/2023
CUSTOMER # 20985 FIRST NAMED  Jae-sun Seo
INVENTOR
CORRESPONDENCE - AUTHORIZED BY Heather Flanagan
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Documents TOTAL DOCUMENTS: 3
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22193-0137002_PARPRDF 5 - 58 KB
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Attorney Docket No.: 22193-0137002 / Mi6-180P-US2-b

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named oventor ¢ Jae-sun Seo Axt Unit o 2616

Application No. o 18/154,727 Examiner : Xilin Guo

Filed o January 13, 2023 Conf No. © 4440

Title . CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL
NETWORKS

MAIL STOP AMENDMENT
Commissioner for Paients

P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Please consider the documents listed on the disclosure form submitted with this
staternent. Copies of the documents are being submitied with this staterent to the extent
required under 37 CF R § 1.98(a)2).

This application relies on the earlier filing date of application number 16/335,775, filed
on March 22, 2019, Under 37 CFR § 1.98 (a}(2} and 37 CFR § 1.98(d}, the earlier application is
properly identified and 1s relied on for an earlier effective filing date under 35 U.S.C. § 120 and
therefore copies of foretgn and non-patent literature documents cited in the earlier application are
not provided. Copies of U S patents and U.S. patent application publications also are not
provided. The documents corresponding to Desig. 12 Nos. 5 and 16 have not been submitted to
and/or cited by the Office in the earlier application.

This statement is being filed before the receipt of a first action on the merits.
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First Named Inventor @ Fae-sun Sco Attorney Docket No.o 22193-0137002 / M16-1580P-

Application No. : 18/154,727 USs2-b
Filed : January 13, 2023
Page : 20f2

Apply any necessary charges or credits applicable under 37 C.F R § 1.17(p} to deposit
account 06-1050, referencing the above attorney docket number.
Please contact the undersigned if there are any guestions regarding this statement.
Respectfully submitted,

Drate: May 15, 2023 [Heather L. Flanagan/
Heather L. Flanagan, Reg. No. 54,101

Customer Number 20985

Fish & Richardson P.C.
Telephone: +1{512)226-8150
Facsimile: (877) 769-7945
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and MPEP 808}, a Filing Receipt (37 CFR 1.54) wili ba issued in dus courss and tha date shown on this Acknowledgame
Racaipt will establish the filing date of the application
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A\ UNITED STATES PATENT AND TRADEMARK OFFIGE
N

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

P.0. Box 1450

Alexandria, Virginia 22313-1450

‘www.uspto.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
18/154,727 01/13/2023 Jae-sun Seo 22193-0137002
CONFIRMATION NO. 4440
20985 PUBLICATION NOTICE
FISH & RICHARDSON P.C. (SD
.0 BOX 1022 > RO AS A
0C000000059313170

MINNEAPOLIS, MN 55440-1022
Date Mailed: 07/13/2023

Title:CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

Publication No.US-2023-0222339-A1
Publication Date:07/13/2023

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently https:/portal.uspto.gov/pair/
PublicPair. Prior to publication, such status information is confidential and may only be obtained by applicant
using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Application No. Applicant(s)

18/154,727 Seoetal.
. s . i A AlA (First Inventor P
Examiner-Initiated Interview Summary ;’l‘;'g:gr AT o o) Status age
2616 | Yes 1of1

Xilin Guo Primary Examiner Telephonic
Heather Flanagan Attorney of Record

Date of Interview: 17 July 2023

Issues Discussed:

Other

Examiner and applicant's representative discussed the claim invention. In particular, the preamble of
claim 1 was discussed. Examiner suggested Applicant amend each claim to remove “,” after

non-transitory” in order to place all claims in allowable form. Applicant agreed to incorporate these
changes and authorization for the examiner's amendment was given in the telephone interview.

/XILIN GUO/
Primary Examiner, Art Unit 2616

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

Applicant recordation instructions:It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete
and proper recordation including the identification of the general thrust of each argument or issue discussed, a general
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the
interview, to include an indication as to whether or not agreement was reached on the issues raised.

U.S. Patent and Trademark Office

PTOL-413/413b (Rev. Oct. 2019) Interview Summary I PR2025_F651e§5920230712
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Notice of Referernces Cited

Application/Control No. Applicant(s)/Patent Under
18/154,727 Reexamination
Seo et al.
Examiner Art Unit
Xilin Guo 2616 Page 1 of 1

U.S. PATENT DOCUMENTS

* Countlr:;o(fj::g;-el\?:n’:lbirrlgiig Code MI\/ID- ?}iYY Name CPC Classification US Classification
* A | US-20180081632-A1 03-2018 Langhammer; Martin GO06F7/5443 1M
* | B | US-5822452-A 10-1998 Tarolli; Gary G06T9/002 345/582
* | ¢ | US-20170316307-A1 11-2017 Koster; Urs GO6F7/5443 17
* | D | US-20170220929-A1 08-2017 Rozen; Piotr GO6F7/483 17
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NON-PATENT DOCUMENTS

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
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\

W

X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

Notice of References Cited

Part of Paper No. 20230712
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H “ ‘H“ Examiner Art Unit
Xilin Guo 2616
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GO6N 08 F 2013-01-01
GO6N 045 | 2023-01-01
GO6N 0464 | 2023-01-01
GO6F 48 | 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 11
/XILIN GUO/ 17 July 2023 . . _—
Primary Examiner, Art Unit 2616 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 40 4
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Application/Control No.
Issue Classification |.g 154727

Applicant(s)/Patent Under Reexamination

Seo et al.
H “ ‘H“ Examiner Art Unit
Xilin Guo 2616

INTERNATIONAL CLASSIFICATION

CLAIMED

GO6N

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS

SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 11
/XILIN GUO/ 17 July 2023 ) ) -
Primary Examiner, Art Unit 2616 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 40 4
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/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

18/154,727 Seo et al.
Examiner Art Unit
Xilin Guo 2616

(0 Claims renumbered in the same order as presented by applicant (J CPA (3 T.D. [J R1.47
CLAIMS
Final |Original]Final |Original|Final [Original|Final [Original|Final [Original]Final |Original]Final |Original|Final |Original

1 40 10 49

2 1 11 50

3 42

4 43

5 44

6 45

7 46

8 47

9 48
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 11
/XILIN GUO/ 17 July 2023 . . N
Primary Examiner, Art Unit 2616 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 40 4
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Symbol Date Examiner
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Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of
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PE2E SEARCH - Search History (Prior Art)

Ref # Hits Search Query DBs Default Plurals British Time Stamp
Operator Equivalents

L123 298 (SEO near2 (US-PGPUB; USPAT; |OR ON ON 2023/07/11
JAE$1SUN).in. (KIM USOCR; FPRS; EPO; 09:44 AM
near2 MINKYU).in. JPO; DERWENT;

IBM_TDB)

L124 6 L123 AND (most ADJ | (US-PGPUB; USPAT; [OR ON ON 2023/07/11
significant ADJ USOCR; FPRS; EPO; 09:44 AM
bit$1).clm. JPO; DERWENT;

IBM_TDB)

L125 4 L124 AND (neural (US-PGPUB; USPAT; |OR ON ON 2023/07/11

near2 network$1).cim. |USOCR; FPRS; EPO; 10:10 AM
JPO; DERWENT;
IBM_TDB)

L127 1896 ((ARIZONA near2 (US-PGPUB; USPAT; |OR ON ON 2023/07/11
BOARD near2 USOCR; FPRS; EPO; 10:27 AM
REGENTS) WITH JPO; DERWENT;

(ARIZONA near2 IBM_TDB)
STATE near2
UNIVERSITY)).as.

L128 6 L127 AND (most ADJ | (US-PGPUB; USPAT; [OR ON ON 2023/07/11
significant ADJ USOCR; FPRS; EPO; 10:28 AM
bit$1).clm. JPO; DERWENT;

IBM_TDB)

L129 3 L128 AND (neural (US-PGPUB; USPAT; |OR ON ON 2023/07/11

near2 network$1).cim. |USOCR; FPRS; EPO; 10:28 AM
JPO; DERWENT;
IBM_TDB)

L130 258401 (GO6F7/48 GO6N3/0454 | (US-PGPUB; USPAT; [OR ON ON 2023/07/11

GO6N3/08).CPC. USOCR; FPRS; EPO; 10:29 AM
JPO; DERWENT;
IBM_TDB)

L131 147 L130 AND (comput$3 |(US-PGPUB; USPAT; |OR ON ON 2023/07/11
WITH ((most ADJ USOCR; FPRS; EPO; 10:29 AM
significant ADJ bit$1) JPO; DERWENT;

MSB$1)) IBM_TDB)
L132 118 L131 AND (neural (US-PGPUB; USPAT; |OR ON ON 2023/07/11
near2 network$1) USOCR; FPRS; EPO; 10:29 AM
JPO; DERWENT;
IBM_TDB)
L133 81 L132 AND precision (US-PGPUB; USPAT; |OR ON ON 2023/07/11
USOCR; FPRS; EPO; 10:30 AM
JPO; DERWENT;
IBM_TDB)

L134 388 (neural near2 (US-PGPUB; USPAT; |OR ON ON 2023/07/11
network$1) AND USOCR; FPRS; EPO; 10:30 AM
(comput$3 WITH ((most |JPO; DERWENT;

ADJ significant ADJ IBM_TDB)
bit$1) MSB$1))

L135 199 L134 AND ( (GOBN3/08 |(US-PGPUB; USPAT; [OR ON ON 2023/07/11
OR GO06N3/0454 OR USOCR; FPRS; EPO; 10:30 AM
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L137 159
L138 9877
L139 1168
L140 316

G06N3/084 OR
GOBN3/0445 OR
GOBN3/0472 OR
G06F9/30036 OR
G06F9/30014 OR
G06F2207/4824 OR
G06F9/3818 OR
G06F9/30149 OR
GO6F9/325 OR
GO6F9/38 OR
G06F9/30018 OR
G06F9/30065 OR
GO6F7/506 OR
G06F9/30185 OR
GO6F7/02 OR
GOBF7/727).cpc.)

L135 AND precision

((comput$3 calculat$3)
WITH ((most ADJ
significant ADJ bit$1)
MSB$1))

L138 AND (
(GOBF7/483 OR
G06F9/30036 OR
G06F9/30014 OR
GO6F9/3001 OR
GO6F17/16 OR
G06F9/3885 OR
GO6F9/3016 OR
G06F9/30112 OR
G06F9/30018 OR
GO6F5/012 OR
G06F21/64 OR
GO6F7/544 OR
GO6F7/722 OR
GO6F7/74 OR
GO6F7/49915 OR
G06F9/30025 OR
G06F2207/4824 OR
G06F9/30007 OR
G06F9/3824 OR
G06F12/0284 OR
G06F12/0292 OR
G06F16/2255 OR
GO6F7/607 OR
G06F2207/5355 OR
G06F9/30065 OR
GOBN3/0454 OR
GOBN3/084).cpc.)

L139 AND ((neural
near2 network$1)
((machine deep) near2
learn$3))

JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2023/07/11
10:31 AM

2023/07/11
10:32 AM

2023/07/11
10:32 AM

2023/07/11
10:32 AM

07/17/2023 01:42:17 PM
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L141 156 L140 AND (maximum |[(US-PGPUB; USPAT; [OR ON ON 2023/07/11
near3(value$1 USOCR; FPRS; EPO; 10:33 AM
result$1)) JPO; DERWENT;

IBM_TDB)

L142 61 L141 AND (propagat$3 |(US-PGPUB; USPAT; [OR ON ON 2023/07/11

WITH layer$1) USOCR; FPRS; EPO; 10:33 AM
JPO; DERWENT;
IBM_TDB)

L143 151751 layer$1 WITH ((neural |(US-PGPUB; USPAT; [OR ON ON 2023/07/11
near2 network$1) USOCR; FPRS; EPO; 10:33 AM
((machine deep) near2 |JPO; DERWENT,;
learn$3)) IBM_TDB)

L144 296 L143 AND ((comput$3 [(US-PGPUB; USPAT; [OR ON ON 2023/07/11
calculat$3) WITH USOCR; FPRS; EPO; 10:33 AM
((most ADJ significant |JPO; DERWENT,;

ADJ bit$1) MSB$1)) IBM_TDB)
L145 208 L144 AND precision (US-PGPUB; USPAT; |OR ON ON 2023/07/11
USOCR; FPRS; EPO; 10:34 AM
JPO; DERWENT;
IBM_TDB)
L146 144 L145 AND propagat$3 [(US-PGPUB; USPAT; [OR ON ON 2023/07/11
USOCR; FPRS; EPO; 10:34 AM
JPO; DERWENT;
IBM_TDB)

L147 97 L143 SAME ((most ADJ | (US-PGPUB; USPAT; [OR ON ON 2023/07/11
significant ADJ bit$1) |USOCR; FPRS; EPO; 10:35 AM
MSB$1) JPO; DERWENT;

IBM_TDB)

L148 2325 L143 AND ((most ADJ |(US-PGPUB; USPAT; [OR ON ON 2023/07/11
significant ADJ bit$1) |USOCR; FPRS; EPO; 10:36 AM
MSB$1) JPO; DERWENT;

IBM_TDB)

L149 1129 L148 AND propagat$3 [(US-PGPUB; USPAT; [OR ON ON 2023/07/11

AND precision USOCR; FPRS; EPO; 10:36 AM
JPO; DERWENT;
IBM_TDB)

L150 1027 L149 AND ((comput$3 [(US-PGPUB; USPAT; [OR ON ON 2023/07/11
calculat$3) near5 USOCR; FPRS; EPO; 10:37 AM
(value$1 result$1)) JPO; DERWENT;

IBM_TDB)

L151 13 L150 AND (((most ADJ |(US-PGPUB; USPAT; [OR ON ON 2023/07/11
significant ADJ bit$1) |USOCR; FPRS; EPO; 10:37 AM
MSB$1) WITH (data JPO; DERWENT;
near2 set$1)) IBM_TDB)

L152 24 L150 AND (((most ADJ |(US-PGPUB; USPAT; [OR ON ON 2023/07/11
significant ADJ bit$1) |USOCR; FPRS; EPO; 10:38 AM
MSB$1) SAME (data JPO; DERWENT;
near2 set$1)) IBM_TDB)

L153 4917 (image$1 WITH ((most | (US-PGPUB; USPAT; [OR ON ON 2023/07/11
ADJ significant ADJ USOCR; FPRS; EPO; 10:38 AM
bit$1) MSB$1)) JPO; DERWENT;

IBM_TDB)

L154 332 L153 AND ((neural (US-PGPUB; USPAT; |OR ON ON 2023/07/11
near2 network$1) USOCR; FPRS; EPO; 10:39 AM
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L155

L156

L157

L158

L159

L160

L162

L163

L164

L165

L166

L167

36

323

25

3444

240

125

68

911

36

1650

828

547

((machine deep) near2
learn$3))

L154 AND ((most ADJ
significant ADJ bit$1)
MSB$1) AND
(maximum
near3(value$1 result$1
number))

L154 AND (most ADJ
significant ADJ bit$1)

L143 AND L156

((comput$3 calculat$3)
near3 (value$1
result$1)) SAME (most
ADJ significant ADJ
bit$1)

L158 AND ((neural
near2 network$1)
((machine deep) near2
learn$3))

L159 AND precision

L160 AND propagat$3

(most ADJ significant
ADJ bit$1) WITH
((image$1 data) near2
set$1)

L163 AND ((neural
near2 network$1)
((machine deep) near2
learn$3))

(most ADJ significant
ADJ bit$1) AND
(precision near3
(comput$3
computation$1
optimizat$3))

L165 AND ((neural
near2 network$1)

((machine deep) near2
learn$3))

L166 AND (propagat$3
WITH layer$1)

JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FPRS; EPO;
JPO; DERWENT;

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2023/07/11
10:39 AM

2023/07/11
10:39 AM

2023/07/11
10:40 AM

2023/07/11
03:40 PM

2023/07/11
03:40 PM

2023/07/11
03:40 PM

2023/07/11
03:41 PM

2023/07/11
03:41 PM

2023/07/11
03:41 PM

2023/07/11
03:42 PM

2023/07/11
03:42 PM

2023/07/11
03:43 PM
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IBM_TDB)

L168 3 L167 AND (((most ADJ |(US-PGPUB; USPAT; |OR ON ON 2023/07/11
significant ADJ bit$1) USOCR; FPRS; EPO; 03:43 PM
MSB$1) SAME (data JPO; DERWENT;
near2 set$1)) IBM_TDB)

L170 3 L163 AND L167 (US-PGPUB; USPAT; |OR ON ON 2023/07/11

USOCR; FPRS; EPO; 03:44 PM
JPO; DERWENT;
IBM_TDB)

L171 34 L167 AND (determin$3 [(US-PGPUB; USPAT; |OR ON ON 2023/07/11
near5 (maximum near3 |USOCR; FPRS; EPO; 03:46 PM
value$1)) JPO; DERWENT,;

IBM_TDB)

L172 30264 (data image$1) WITH [(US-PGPUB; USPAT; |OR ON ON 2023/07M12
(most ADJ significant USOCR; FPRS; EPO; 09:35 AM
ADJ bit$1) JPO; DERWENT;

IBM_TDB)

L173 5340 L172 AND ((comput$3 [(US-PGPUB; USPAT; |OR ON ON 2023/07M12
calculat$3) SAME USOCR; FPRS; EPO; 09:35 AM
((most ADJ significant |JPO; DERWENT,;

ADJ bit$1) MSB$1)) IBM_TDB)

L174 547 L173 AND ((neural (US-PGPUB; USPAT; |OR ON ON 2023/07M12
near2 network$1) USOCR; FPRS; EPO; 09:36 AM
((machine deep) near2 |JPO; DERWENT,;
learn$3)) IBM_TDB)

L175 83 L174 AND (propagat$3 [(US-PGPUB; USPAT; |OR ON ON 2023/07M12
WITH layer$1) USOCR; FPRS; EPO; 09:36 AM

JPO; DERWENT;
IBM_TDB)

L177 2933 ((precision accurary) (US-PGPUB; USPAT; |OR ON ON 2023/07M12
near2 (comput$3 USOCR; FPRS; EPO; 09:39 AM
computation)) AND JPO; DERWENT;

((neural near2 IBM_TDB)
network$1) ((machine
deep) near2 learn$3))

L178 789 L177 AND (propagat$3 [(US-PGPUB; USPAT; |OR ON ON 2023/07M12

WITH layer$1) USOCR; FPRS; EPO; 09:40 AM
JPO; DERWENT;
IBM_TDB)

L179 3 L178 AND (((most ADJ |(US-PGPUB; USPAT; |OR ON ON 2023/07M12
significant ADJ bit$1) USOCR; FPRS; EPO; 09:40 AM
MSB$1) WITH JPO; DERWENT;

((image$1 data) near2 |IBM_TDB)
set$1))

L180 540 L178 AND ((most ADJ |(US-PGPUB; USPAT; |OR ON ON 2023/07M12
significant ADJ bit$1) USOCR; FPRS; EPO; 09:40 AM
MSB$1) JPO; DERWENT;

IBM_TDB)

L181 536 L180 AND ((image$1 (US-PGPUB; USPAT; |OR ON ON 2023/07M12

data) near2 set$1) USOCR; FPRS; EPO; 09:41 AM
JPO; DERWENT;
IBM_TDB)

L182 9 L181 AND ((comput$3 [(US-PGPUB; USPAT; |OR ON ON 2023/07M12
calculat$3) WITH USOCR; FPRS; EPO; 09:42 AM
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L183

L185

L186

L187

L188

L189

L190

L191

L192

L194

21051

972

11

897

536

106

145

((most ADJ significant
ADJ bit$1) MSB$1))

L180 AND ((comput$3
calculat$3) WITH
((most ADJ significant
ADJ bit$1) MSB$1))

(propagat$3 WITH
layer$1) AND ((neural
near2 network$1)
((machine deep) near2
learn$3))

L185 AND ((most ADJ
significant ADJ bit$1)
MSB$1)

L186 AND (((most ADJ
significant ADJ bit$1)
MSB$1) WITH (data
near2 set$1))

L186 AND ((comput$3
calculat$3) near5
(value$1 result$1))

L188 AND ((precision
accurary) near2
(comput$3
computation))

L189 AND (maximum
near3(value$1
result$1))

(((precision accurary)
near2 (comput$3
computation)) SAME
(maximum
near3(value$1
result$1)))

L191 AND ((comput$3
calculat$3) SAME
((most ADJ significant
ADJ bit$1) MSB$1))

L191 AND ((most ADJ
significant ADJ bit$1)
MSB$1)

JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

(US-PGPUB; USPAT:
USOCR; FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

OR

OR

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2023/07M12
09:42 AM

2023/07M12
09:43 AM

2023/07M12
09:44 AM

2023/07M12
09:44 AM

2023/07M12
09:44 AM

2023/07M12
09:44 AM

2023/07M12
09:45 AM

2023/07M12
09:45 AM

2023/07M12
09:46 AM

2023/07M12
09:46 AM
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7/12/23, 9:53 AM compute a value based on a set of most significant... - Google Scholar

Minimum signed digi approsamation for faster and more efficient convolutional neural
network computatmr& on ambedded devices

€ W e N
K man, MBI Reaz, A

. and onIy the most srgnrfrcant b|t (MSB) to approxrmate the ... activations are computed and
forwarded to the next layer. The ... only the nonzero bits in the mantissa group are considered for ...

P Save BB Oe  Clled v 4 Rsiated anticles

A*‘r gfficient bit-flip rasilience ofmmsmtron momd for deep neurat networks

& A e 3 & Dacinng . 3 SR L
Y8 A 3, G Aachaeisy - 2O LA t‘\\-:\ Ald Hon & ., 2018

AN

. energy efficiency and faster computatron of neural networks [2]. ... for all neurons of the network
based on a set D of training ... for faults on the most significant bit (MSB) of neuron outputs, ...

¢ tave U Cie  Cited by 40 Reisted articies AN 3 versions

ERDNN: Error-resilient deep neural networks with a new arror oorrection fayer and
CIBCE-WISE re\;ts red Eno:}: ur‘s’r

BTty T VoA
2020 « wmaaxplure lese 0rg

thus observrng that errors in most srgnrfrcant bit (MSB) resultrng ina srgnrfrcant reduction
of computation complexity in ... Based on empirical results we set the value ofa as [a1 =0.5,a2 ...

Yr ave U¥ Cite Ciled by @ Related aricles Al 3 versions 8

ISAAL A convolutional neural network accelerator with n-silu anslog arithmetic in
cmssm rs

A \\\\ o

AN g DR DI
& 1t A N i 2N R

afimanghar, - AUM SIGARTH | 2018 - dlaomuorg

. Thus, one IMA can process the 8 most srgnrfrcant bits of the ... an MSB of 0, the ADC size
requrrement is lowered by one bit. ... Similarly, based on our benchmark behaviors, we estimate that ...
¥ save BP Ofte  Ched by 1734 Pelated articles  All 12 versions

\:\\\

Deep convolutional neural network accelerator featwing conditional computing and low
axte na E me.r‘;orv ACCBSY

. with onIy the most srgnrfrcant bits (MSBs) are performed first. ... a deep convolutional neural
network includes pooling layers ... the computation time of convolution operation on MSB group ...
P save U Ote Ched by 5 Relsted atticles Al £ versions

Ori-chip learming of a domain-wall-synapse-cro
network

W

WA

N \3 “\\ us \\ \ N \\ .-\':\:ﬁ-.. -~ :;E“} N S R . 2

. for different data sets including the CIFAR-10 data set and . (LSBs) to a LSB crossbar and

the other ten bits to two MSB ... after forward computation on every sample of the training set. A ...
¥ Save T8 Cite CQied by 4 Relsted articles $8

Py adscts\: multitask desp neural network models for ADME-Tox properties lsaming from
a data aata

heat on
HLANONS

“wa

AL Wy
- RS

pes)

. are computed for every data set and feed into the input Iayers . An algorithm is used to
compute bits describing one feature, ... The most important HPs can be classified as network ...

$ Save  BE Olte Oited by 142 Related articies  All 4 versions &%

Masaic-CNN A combined two-step zero prediction approach 1o trade off acouracy and
computat;on SNergy in convoiut:ona& neurai networks

RN = LD ioverens
{ \.\\ o n ST - IR *.‘\.\\\\\
(AT EEE PR RN 4N i LAY

nJd Rark -
LA PR -

. a most significant bits (MSBs) onIy computatron scheme, ... using ILSVRC2012 vaI|dat|on
data set image inputs (50,000 images) in the layout level mcIudrng parasitic capacitances using ..

o Save PE Cile  Oited by 21 Relaled aricies A6l 3 versions

https://scholar.google.com/schoIar?hl=en&as_sdt=0%2047&q=compute+a+value+based+on+a+set+of+most+signiﬁcalrlr:t:-ﬁsz-g%ﬁégs] o§§gr+a+ ..
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7/12/23, 9:53 AM compute a value based on a set of most significant... - Google Scholar

Eﬁiciani fMitchell's approximate lo g nuitipiiers for ﬁanvaiutmnai neural networks

SR HRe ations ‘\\\ & Q8 O
R I “*\‘\\\.‘\ 2l

R i VY MU
ME Kiny, Aa rio, WY Oivaira,, - fransan 1ER8 3G

. One distinction to make in neural network computation is the ... is given by the most significant
b|t (MSB). Thus, if X 1 0 the ... We can see that using more 5|gn|f|cant bits with w = 8 results in ...

P Save BB OHe  Cited by 100 Rslated articles  All 5 versions

An energy-efficient deesp convolutional nsural network accelerator faaturing conditiona
c:zmp ting and L)\w axiemal memaory access
PRI, S8 S0 - 1T § iy, 2020
. been demonstrated for large-scale data sets such as ImageNet . Based on this approximate
convolutlon, if we can find the ... We only use 2 bits of zero sparsr[y map data for the MSB and ...

P Save  BE Qe Cited by 10 Related adicies Al § versions

G e
SRR G

https://scholar.google.com/scholar?hl=en&as_sdt=0%2047&q=compute+a+value+based+on+a+set+of+most+signiﬁcalrﬁﬁsz-g%ﬁégs] o§§gr+a+ ..
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PE2E SEARCH - Search History (Prior Art)

There are no Prior Art searches to show.

PE2E SEARCH - Search History (Interference)

Ref # Hits Search Query DBs Default Plurals British Time Stamp
Operator Equivalents

N11 65879 (GOBN3/08 GO6N3/045 [(US-PGPUB; USPAT) |OR ON ON 2023/0717
GO06F7/48 01:44 PM
GO06N3/0464).CPC.

N12 55 N11 AND ((comput$3 [(US-PGPUB; USPAT) |OR ON ON 2023/0717
calculat$3) SAME 01:44 PM
((most ADJ significant
ADJ bit$1)

MSB$1)).cim.

N13 16 N12 AND ( layer$1 (US-PGPUB; USPAT) [OR ON ON 2023/0717
WITH (neural near2 01:44 PM
network$1) ).clm.

N14 3 N13 AND (precision (US-PGPUB; USPAT) [OR ON ON 2023/0717
near2 (comput$3 01:45 PM
computation)).cim.

N15 7 N11 AND ( (precision  [(US-PGPUB; USPAT) |OR ON ON 2023/0717
near2 (comput$3 01:45 PM
computation)) SAME (
layer$1 WITH (neural
near2 network$1)

)).clm.

N16 3 N15 AND ( (most ADJ [(US-PGPUB; USPAT) |OR ON ON 2023/0717
significant ADJ bit$1) 01:45 PM
MSB$1).clm.

N17 18 N11 AND (((comput$3 [(US-PGPUB; USPAT) |OR ON ON 2023/0717
calculat$3) near5 01:45 PM
(value$1 result$1))

SAME ((most ADJ
significant ADJ bit$1)
MSB$1)).cim.

N18 7 N17 AND ( layer$1 (US-PGPUB; USPAT) [OR ON ON 2023/0717
WITH (neural near2 01:45 PM
network$1) ).clm.

N19 4 N18 AND (maximum (US-PGPUB; USPAT) [OR ON ON 2023/0717
near3(value$1 01:46 PM
result$1)).clm.

N20 3 N19 AND ((precision (US-PGPUB; USPAT) [OR ON ON 2023/0717
accurary) near2 01:46 PM
(comput$3
computation)).cim.

07/17/2023 01:46:37 PM

Workspace: 18154727
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Receipt date: 05/15/2023 18/154,727 - GAU: 2618

Attorney Docket No.: 22193-0137002 / Mi6-180P-US2-b

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named oventor ¢ Jae-sun Seo Axt Unit o 2616

Application No. o 18/154,727 Examiner : Xilin Guo

Filed o January 13, 2023 Conf No. © 4440

Title . CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL
NETWORKS

MAIL STOP AMENDMENT
Commissioner for Paients

P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Please consider the documents listed on the disclosure form submitted with this
staternent. Copies of the documents are being submitied with this staterent to the extent
required under 37 CF R § 1.98(a)2).

This application relies on the earlier filing date of application number 16/335,775, filed
on March 22, 2019, Under 37 CFR § 1.98 (a}(2} and 37 CFR § 1.98(d}, the earlier application is
properly identified and 1s relied on for an earlier effective filing date under 35 U.S.C. § 120 and
therefore copies of foretgn and non-patent literature documents cited in the earlier application are
not provided. Copies of U S patents and U.S. patent application publications also are not
provided. The documents corresponding to Desig. 12 Nos. 5 and 16 have not been submitted to
and/or cited by the Office in the earlier application.

This statement is being filed before the receipt of a first action on the merits.

IPR2025-01399
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Receipt date: 05/15/2023 18/154,727 - GAU: 2618

First Named Inventor @ Fae-sun Sco Attorney Docket No.o 22193-0137002 / M16-1580P-
Application No. : 18/154,727 USs2-b
Filed : January 13, 2023

Page : 20f2

Apply any necessary charges or credits applicable under 37 C.F R § 1.17(p} to deposit
account 06-1050, referencing the above attorney docket number.
Please contact the undersigned if there are any guestions regarding this statement.
Respectfully submitted,

Drate: May 15, 2023 [Heather L. Flanagan/
Heather L. Flanagan, Reg. No. 54,101

Customer Number 20985

Fish & Richardson P.C.
Telephone: +1{512)226-8150
Facsimile: (877) 769-7945

63201231 doc

IPR2025-01399
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Receipt date: 05/15/2023 18/154,727 - GAU: 2618

Sheet 1 of 1

Substitute Thsclosure Form U.S. Department of Commmerce | Attorney Docket No. Application No.
Patent and Trademark Office | 2210301370072 18/154.727
Information Disclosure Statement Applicant
by Applicant Jae-sun Seo ef al.
(Uise several sheets if necessary) Fiting Date Group Att Unit
(37 CFR §1.98(b}} JE’&HU&'E’Y 13 2023 2616
U.S. Patent Documents
Examiner | Deslg. Publication Filing Date
Initiat s Document Number Date Pateniae if Appropriate Class | Subclass
1 5822452 10/13/1998 | Tarolh et al.
3 9436895 0/6/2016 Jones et al.
3 Q406362 10/11/2016 | Yuetal
4. 0934463 4/3/2018 Seo et al.
5 11556779 V17/2023 Seo et al
6 201350032449 1/29/2015 Sainath et al.
7 20150255062 G/10/2015 Penn et al.
8 20150339571 11/26/2015 | Krizhevsky et al.
9 20170220929 8/3/2017 Rozen et al.
10 | 20170300815 10/19/2017 | Seo
11 20170316307 11/2/2017 Koster et al.
12 | 20190080753 3/14/2019 Seo et al.
13 | 20190087719 3/21/2019 Seo et al.
14 20190150794 5/23/2019 Vrudhula et al.
15 | 20190164538 S/30/2019 Seo et al.
16 | 20190244100 8/8/2019 Seo et al
Foreign Patent Documents or Published Foreign Patent Applications
Examiner | Desig. Publication Country or
Initial D Document Number Date Patent Office Transiation Class | Subclass
17 | WO 2016033506 3/3/2016 WG
18 | WO 2017190089 11/2/2017 | WO
16 | WO 2018022821 2/1/2018 WO
Other Documents {include Author, Title, Date, and Place of Publication)
Examiner | Desig.
Initial iD Document
0 International Search Report and Written Opinion in International Appin. No.
= PCT/USZ017/052736, dated January 8, 2018, 9 pages
Examiner Signature Date Considered

JRILIN GUo/ 07/11/2023

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. nclude copy of this form with
next communication to applicant.

Substitute Disclosure Fomm

IPR2025-01399
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
20085 7590 07/24/2023
FISH & RICHARDSON P.C. (SD) GUO, XILIN
P.0. BOX 1022
MINNEAPOLIS, MN 55440-1022 | ART UNIT PAPER NUMBER |
2616
DATE MAILED: 07/24/2023
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
18/154.,727 01/13/2023 Jae-sun Seo 22193-0137002 4440

TITLE OF INVENTION: CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional MICRO $240 $0.00 $0.00 $240 10/24/2023

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate.
All further correspondence will be mailed to the current correspondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.
Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

20985 7590 07/24/2023 Certificate of Mailing or Transmission

FISH & RICHARDSON P.C. (SD) I hereby certify that this Fee(s) Transmittal is being deposited with the United
P.O. BOX 1022 States Postal Service with sufficient postage for first class mail in an envelope
e addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
MINNEAPOLIS, MN 55440-1022 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
(Typed or printed name)
(Signature)|
(Date)|
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

18/154,727 01/13/2023 Jae-sun Seo 22193-0137002 4440

TITLE OF INVENTION: CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional MICRO $240 $0.00 $0.00 $240 10/24/2023
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
GUO, XILIN 2616 706-019000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/AIA/122 or PTO/SB/122) attached. (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
AIA/A7 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [Missue Fee [IPublication Fee (if required)
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via Patent Center or EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)
NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue

4 Applicant certifying micro entity status. See 37 CFR 1.29 fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken

[ Applicant asserting small entity status. See 37 CFR 1.27 to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

M| Applicant changing to regular undiscounted fee status. entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark OfliEz;FS.g gg)QR%ﬁ'g(% COMMERCE
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, UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
18/154,727 01/13/2023 Jae-sun Seo 22193-0137002 4440
| EXAMINER |
20985 7590 0712412023
FISH & RICHARDSON P.C. (SD) GUO, XILIN
P.O. BOX 1022
MINNEAPOLIS, MN 55440-1022 | ART UNIT PAPERNUMBER |
2616

DATE MAILED: 07/24/2023

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. 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 30 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, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. 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.

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 disclosure of these records is required by the
Freedom of Information Act.

2. 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.

4. 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).

5. 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.

6. 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)).

7. Arecord 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.

8. Arecord 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 inspectign or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Fediglm&'éaa’ﬁag

enforcement agency, if the USPTO becomes aware of a violai{GroypelStrikec EiXim @ O @ggléaqogg



Application No. Applicant(s)
; . 18/154,727 Seo et al.
Notice of Allowabilily Examiner ArtUnit | AlA (FITF) Status
Xilin Guo 2616 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to 04/17/2023.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 40-50 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:
a) LJAll b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. Notice of References Cited (PTO-892) 5. ¥} Examiner's Amendment/Comment

2.[¥) Information Disclosure Statements (PTO/SB/08), 6. Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

of Biological Material
4.[¥) Interview Summary (PTO-413),
Paper No./Mail Date.

/XILIN GUO/
Primary Examiner, Art Unit 2616

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20230712

IPR2025-01399
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Application/Control Number: 18/154,727 Page 2
Art Unit: 2616

DETAILED ACTION
Notice of Pre-AlIA or AIA Status
The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AIA.

Response to Preliminary Amendment
The preliminary amendment filed on March 30, 2023 has been entered.
In view of the amendment to the claims, claims 1-20 have been canceled. New

claims 21-39 have been added.

The preliminary amendment filed on April 05, 2023 has been entered.
In view of the amendment to the claims, claims 21-39 have been canceled. New

claim 41-50 have been added.

The preliminary amendment filed on April 17, 2023 has been entered.
In view of the amendment to the claims, claim 40 has been acknowledged. New

claims 41- has been added.

Examiner has reviewed the specification and the claim invention of the present
application. The present application is a continuation of the application #16/335,775,
which was issued on 01/17/2023 (Patent No. 11,556,779).

Examiner has competed the prior art reference search. However, the examiner

has not discovered prior art references which fully teaches the pending claims, either
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singly or in an obvious combination. Examiner called Applicant amend each claim to

i n

remove “,” after “non-transitory” in order to place all claims in allowable form. Applicant
agreed to incorporate these changes and the Applicant authorized the amendment by

Examiner's Amendment. Accordingly, the Application is in condition for allowance.

EXAMINER’S AMENDMENT

An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of suchan amendment, it MUST be
submitted no later than the payment of the issue fee.

Authorization for this examiner's amendment was given in a telephone interview
with Heather Flanagan (Reg. No. 54,101) on July 17, 2023.

Please amend claim 40 as follows:

40.  (Currently Amended) One or more non-transitory[[,]] computer-readable
storage media storing instructions which, when executed by at least one processor,
cause the at least one processor to perform operations comprising:

in one or more layers of a convolutional neural network (CNN), performing a first
iteration that includes computing a value based on a first set of most significant bits
(MSBs) for each of a plurality of data sets;

examining a first set of values computed for the plurality of data sets in the
first iteration to determine whether a maximum value is present among the first set of

values;
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responsive to identifying the maximum value, performing a full precision
computation of the value for a data set, of the plurality of data sets, that exhibited the
maximum value; and

propagating the full precision computation of the value to a subsequent

layer of the CNN.

Please amend claim 41 as follows:

41.  (Currently Amended) The one or more non-transitory[[,]] computer-
readable storage media of claim 40, further comprising:

responsive to determining that the first set of values are the same, performing, by
the at least one processor, a second iteration that includes computing the value based
on a second set of MSBs for each of the plurality of data sets, the second set of MSBs

being larger than the first set of MSBs.

Please amend claim 42 as follows:

42.  (Currently Amended) The one or more non-transitory[[,]] computer-
readable storage media of claim 41, further storing instructions, which, when executed
by the at least one processor, cause the at least one processor to perform operations
comprising:

examining a second set of values computed for the plurality of data sets in the
second iteration to determine whether the maximum value is present among the second

set of values; and
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responsive to identifying the maximum value among the second set of values,
performing, by the at least one processor, the full precision computation of the value for
a data set, of the plurality of data sets, that exhibited the maximum value in the second

iteration.

Please amend claim 43 as follows:
43.  (Currently Amended) The one or more non-transitory[[,]] computer-
readable storage media of claim 41, wherein the computing in each of the first iteration

and the second iteration employs a convolution and a pooling.

Please amend claim 44 as follows:
44.  (Currently Amended) The one or more non-transitory[[,]] computer-
readable storage media of claim 43, wherein the convolution is a N x N convolution,

where N is any integer.

Please amend claim 45 as follows:
45.  (Currently Amended) The one or more non-transitory[[,]] computer-
readable storage media of claim 43, wherein the pooling is a N x N pooling, where N is

any integer.

Please amend claim 46 as follows:
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46.  (Currently Amended) The one or more non-transitory[[,]] computer-
readable storage media of claim 43, wherein the convolution is a 3 x 3 convolution, and

the pooling is a 2 x 2 pooling.

Please amend claim 47 as follows:

47.  (Currently Amended) The one or more non-transitory[[,]] computer-
readable storage media of claim 41, wherein at least one of the first iteration and the
second iteration is performed with a precision less than that of the full precision

computation.

Please amend claim 48 as follows:
48.  (Currently Amended) The one or more non-transitory[[,]] computer-

readable storage media of claim 47, wherein the precision is 8-bit precision.

Please amend claim 49 as follows:
49.  (Currently Amended) The one or more non-transitory[[,]] computer-

readable storage media of claim 40, wherein the CNN is employed to analyze an image.

Please amend claim 50 as follows:

50.  (Currently Amended) The one or more non-transitory[[,]] computer-
readable storage media of claim 40, wherein:

the first iteration computes a value that approximates the full precision

computation of the value; and
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the full precision computation is performed on the data set that includes less data

than the plurality of data sets.

Allowable Subject Matter
Claims 40-50 are allowed.
The following is an examiner’s statement of reasons for allowance:
Independent claim 40 is directed to a non-transitory computer-readable storage
media and recites the same limitations corresponding to the method claim 1 of Patent

No. 11,556,779. More specifically, claim 40 requires “in one or more layers of a

convolutional neural network (CNN). performing a first iteration that includes computing

a value based on a first set of most significant bits (MSBs) for each of a plurality of data

sets; examining a first set of values computed for the plurality of data sets in the first

iteration to determine whether a maximum value is present among the first set of

values; responsive to identifying the maximum value, performing a full precision

computation of the value for a data set, of the plurality of data sets, that exhibited the

maximum value; and propagating the full precision computation of the value to a

subsequent layer of the CNN”.

Examiner has completed the prior art reference search and discovered the
closest prior art references:

The prior art reference Rozen et al (US Patent Application Publication
2017/0220929 A1) discloses techniques of implementing neural networks for speech
recognition systems. Rozen discloses a system (FIG. 2) for providing speech

recognition using a neural network (as shown in FIG. 3, includes an input layer, hidden
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layers, and an output layer). More specifically, Rozen discloses the system generates
feature vectors associated with speech and transfers feature vectors to neural network
for determining classification scores for each evaluated time instance of speech from an
output layer of neural network (Paragraph [0032]). FIG. 5 of Rozen discloses a process
for converting weights of a layer of a neural network to fixed point integer values based
on a scaling factor and generating correction values for one or more of the weights. The
process converts a weight to an 8 bit signed integer value; determines

a most significant bit of the weight is non-zero; determines the correction value may be
a value associated with the most significant bit; then adds the correction value to the
corrections list along with weight indices that indicate which weight in the layer of

the neural network the correction value is associated with (Paragraph [0049]).

The prior art reference Koster et al (US Patent Application Publication
2017/0316307 A1) discloses techniques of performing a neural network computation
based on the received sequence of tensor instructions to generate output tensors (As
shown in FIG. 1). FIG. 4 of Koster shows an artificial neural network including three
layers for performing forward propagation and determining activation values for each
successive level of nodes are updated sequentially (Paragraphs [0033]-[0034]). More
specifically, Koster discloses a tensor decimal position determination module (FIG. 5)
determines the value of the decimal position for an output tensor based on the collected
statistics and adjust the received decimal position based on the determination in order

to maintain a high level of precision when performing tensor computations.
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The prior art reference Tarolli et al (US Patent No. 5, 822, 452 A) discloses a
system and method for compressing and decompressing a texture image. The invention
of Tarolli selects a compression color space manually, or preferable, using a computer-
based neural network algorithm. The invention initializes the neural network (As shown
in FIG. 9) that includes an input layer of neurons and a hidden layer of neurons, e.g., Y
neurons, A neurons, and B neurons (Col 3, lines 51-64). Tarolli discloses a conventional
technique for reducing the number of bits used for each color channel is to determine a
predefined number of most significant bits in an image in order to compress the image
data (Col 2, lines 21-50). FIG. 8 of Tarolli describes the details of the YAB color space

selection process using the neural network.

The prior art reference Langhammer (US Patent Application Publication
2018/0081632 A1) discloses techniques of performing reduced-precision floating-point
arithmetic operations using specialized processing blocks with higher-precision floating-

point arithmetic circuitry.

However, the closest prior art references and the references listed in IDSs
submitted by Applicant failed to show the obviousness of the claims as a whole. None of
the prior art cited alone or in combination provides the motivation to teach the limitations

recited in claim 40. Accordingly, claim 40 is allowed.

Dependent claims 41-50 depend from independent claim 40. They are allowed at

least due to their respective dependencies from an allowed claim.
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Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Xilin Guo whose telephone number is (571)272-5786.
The examiner can normally be reached Monday - Friday 9:00 AM-5:30 PM EST.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Kee Tung can be reached on 571-272-7794. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is
available to registered users. To file and manage patent submissions in Patent Center,
visit: https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-
center for more information about Patent Center and

https ://www.uspto.gov/patents/docx for information about filing in DOCX format. For
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additional questions, contact the Electronic Business Center (EBC) at 866-217-9197
(toll-free). If you would like assistance from a USPTO Customer Service

Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/XILIN GUO/
Primary Examiner, Art Unit 2616
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Attorney's Docket No.: 22193-0137002 / M16-180P-US2-b

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor :  Jae-sun Seo Art Unit . 2616
Application No. o 18/154,727 Examiner . Xilin Guo
Filed : January 13, 2023 Confirmation No. : 4440
Notice of Allowance Date: July 24, 2023
Title . CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL
NETWORKS

MAIL STOP ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

REPLY TO NOTICE OF ALLOWANCE

In response to the Notice of Allowance dated July 24, 2023, enclosed is a completed Part
B - Fee(s) Transmittal.

The issue fee is being paid with this reply on the Electronic Filing System. Apply that
fee and any other necessary charges or credits to Deposit Account 06-1050, referencing the

above attorney docket number.

COMMENTS ON EXAMINER'S REASONS FOR ALLOWANCE

It is recognized that, in accordance with M.P.E.P. § 1302.14, the Examiner’s reasons for
allowance need not set forth all of the details as to why the claims are allowed. In the above-
referenced application, it is not conceded that the Examiner’s stated reasons for allowance are
the only reasons for which the claims are allowable. The Examiner’s reasons for allowance
indicate that particular claim elements are not disclosed or suggested by the prior art of record,
yet the claims may be patentable for other reasons as well, including the inventive combination
of all of the recited claim elements. It is not conceded that the specific limitations identified by
the Examiner are necessary to distinguish the art of record or to satisfy the requirements of 35
U.S.C. § 112. Moreover, the Examiner does not assert, and it would not be conceded, that the
Examiner’s reasons have any bearing on the patentability of claims in any other applications

directed to the disclosed subject matter.
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First Named Inventor :  Jae-sun Seo Attorney Docket No.: 22193-0137002 / M16-180P-

Application No. : 18/154,727 US2-b
Filed : January 13, 2023
Page : 20f2

In addition, each dependent claim stands on its own and may be allowable on its own
merits. In particular, each dependent claim may be allowable on the basis of a combination of
some of the features recited in the dependent claim and its base claim(s), which combination of

features may not include all of the limitations identified in the Examiner’s reasons for allowance.

Respectfully submitted,

Date: August 18. 2023 /Heather L. Flanagan/
Heather L. Flanagan, Reg. No. 54,101

Customer Number 20985

Fish & Richardson P.C.
Telephone: +1 (512) 226-8156
Facsimile: (877) 769-7945

91570155.doc
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