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January 13, 2023 

Attorney Docket No.: 22193-0137002 I Ml6-180P-US2-b 

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 MINK.YU KIM 

Street Address 
Fish & Richardson P.C. 
One Congress Plaza 
Suite810 
111 Congress A venue 
Austin, TX 78701 

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

512 472 5070 main 
512 320 8935 fax 

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. 16/335,775, filed March 22, 2019. 

Enclosed are the following papers, including those required to receive a filing date under 3 7 
CFR 1.53(b): 

Specification 
Claims 
Abstract 
Declaration 
Drawing(s) 

Enclosures: 

Pages 
20 
4 
1 
2 
10 

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

The applicant certifies its micro entity status under 3 7 CFR 1.29. 

Basic Filing Fee 

Search Fee 

Examination Fee 

Total Claims 20 over 20 

Independent Claims 3 over 3 

Fee for Multiple Dependent claims 

0 X $20 

0 X $96 

Application size fee for each 50 pages over 100 
Total Sheets: 35 x .75 - 100/50 = 0 x 

$64 

$140 

$160 

$0 

$0 

$0 

$0 
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FISH~ 
Commissioner for Patents 
January 13, 2023 
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Total Filing fee 

No filing fee is being paid now. 

$364 

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. I understand 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: 

Respectfully submitted, 

/Heather L. Flanagan/ 

Heather L. Flanagan 
Registration No. 54,101 

Enclosures 

HZF/vzs 
100802735.doc 

20985 
Customer Number 
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1 _ r:1.im·· UNITED STATES : >~ PATENT ANO TRADEMARK OFFICE 
PO Bo:< 1450 

Alexand,ia. VA 223, 3 - 1450 
VV'vV""./'/.USpto,go\/ 

ELECTRONIC ACKNOWLEDGEMENT RECEIPT 

APPLICATION # 
18/154,727 

Title of Invention 

RECEIPT DATE/ TIME 
01/13/2023 07:18:51 PM ET 

ATTORNEY DOCKET# 
22193-0137002 

CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS 

Application Information 

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

CONFIRMATION# 4440 

PATENT CENTER# 61438118 

CUSTOMER# 20985 

CORRESPONDENCE -
ADDRESS 

PATENT# -

FILED BY Veronica Juarez 

FILING DATE -

FIRST NAMED Jae-sun Seo 
INVENTOR 

AUTHORIZED BY Heather Flanagan 

Documents TOTAL DOCUMENTS: 6 

DOCUMENT 

22193-0i 37002 PAP.PDF 

22·193_0·137002 ___ _!\DS.pdf 

22193-0137002 tv1!CRO.PDF 

22 i 93-0 i 37002-

SPECIFICAT!ON-­

APP.TEXT.docx 

PAGES DESCRIPTION 

2 Transmit.ta! of New App!ication 

9 Application Data Sheet 

2 Certification of Micro Entity 

(Education Basis) 

2 

25 

Oath or Declaration fi!ed 

Application body structured text 

document 

Warning: The document line spacing appears to be incorrect P!ease review and revise if 

SIZE {KB) 

1 i4 KB 

2·174 KB 

73 KB 

"1054 KB 

65 KB 
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necessary. Bookmar!<:s were found and have been removed. 

22193-0137002_F!Gs.pdf 

Digest 

DOCUMENT 

22i 93-0i 37002 PAP.PDF 

22-193-0·137002 ____ ADS.pdf 

22193-0137002 !'v1!CRO.PDF 

22193-0137002_DECs.pdf 

22193-0137002~ 
SPEC!F!CAT!ON­
APP.TEXTdocx 

22i 93--0i 37002_FIGs.pdt 

10 Drawings-on!y black and white 
!ine drawings 

1239 KB 

2CE6D69DA7DDD461E7114D7FFDA2BAE9O21D4576987E47F8 
5D580813906E003F310E02465C858B5891D03EB0A0D13417E7 
44E9AA88CB5BCC75FC0DFD6EF44408 

C16E16B30B924C40C5DFC2FEBC582E652F460137C7FF05DA0 
CDAE06E1F5CAEBEF062E0215CF45A2A0F7D546423EB078B8 
2182CE2482420F5CF93E63735DDA2DB 

D9F2576E4BB6CECED823B80380312O84211O6350CAC2756F4 
A9BC98B2DOB6E4127AED45F7E78CBD56E7F25339149F357O6 
68CB2006F2C6BC592AACC571410C6D 

SB5904446E785A52190F5738276O530AAE79E83006A8D9AF46 
132O6C5F8ED2BF09994812BF249F4D8FD4663901DEFFD49CB 
4AD6119B75B32D682E43C466DA76D 

199695F1393O90004C498F58291B2BA71F1F7975355478CD688 
4EA4448416424034452O4F06A3C43O2DB2BD8O203463BA0DD 
CAC06BCD22210D4E0CA3405E380C 

986A50EC911A43AF3C95DBBB3270C5286F097FB1735479848 
EA3A4ABED5FDE422A3A5O3E7O8F58A867F37FF80DAB9625E 
FC4806A50O04953A096895C978673F8 

This Ac:knovvl,,,dgernent ,-"\ec:eipt e11id::inc:es r;:iceipt on the not::id oate by the USPTO ol the ind,c:ated oocum,,,nts, cha.mc:!1::t·iz;:io 

tiy t,1e applicant, ano including page counts, vvl1ere app!icab!e. It serves as evidence of receipt sin1ilar to a Post Carel, as 

described in MPEP 503. 

If a new application is being filed and the application inc!ucies the necessary components for fi!inq date (see 37 CFR 1.53/b)-(d) 
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and fvlPEP 506), a Filino Receipt (37 CFR 1.541 wil! be issued in due course and the date shovvn on this Acknowledoemer1t 
Hece,pt w:11 ;:istab!ish the filing date of the ::tpplica!ion 

Ni:itlona! Sti:ige of an !ntemationa! App!!cation under 35 UaS.C. 371 

If a time,y subrnission !o enter the nationa! stage of an international appl!rn!:on is compliant vv!!h the conditions of 35 U S.C. 
37·1 and other q,plicable require,,1ents a Fon,1 PCT!DO/EO/903 !nd,c:at!ng ac:ceptanrn ol the applica!,on as a national stage 

subn1!ss!on uneler 35 U.S.C 37'1 will be issued in addition to tl1e F!!ino Receipt, in ciue course. 

New internatimml Application Fi!ed with the USPTO as a Recelvh,g Office 

If a new ,ntemationa! app,ication !s being f:led ::tnd !he interna!iona, application includes the necessa:y components for an 
international fi!ing date (see PCT .Article 11 and MPEP 1810), a ~~otification of the International Application f'Jurnber and of the 

International Filing Da!e (Form PCTiRO/105) will be ,ssued in due course, subject to prese:iptions concerning national secur:ty, 
and t:1e elate s:1own on this .Acknovvledoement Receipt ,viii establish tl1e !nternationa! filing elate of the application. 
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Attorney Docket No.: 22193-0137US1 / Client Ref: M16-1 B0P 
PTO/AIA/01 (06-12) 

Approved for use through 01/31/2014. 0MB 0651-0032 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paoerwork Reduction Act of 1995 no oersons are reouired to resoond to a collection of information unless it disolavs a valid 0MB 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, I hereby declare that: 

This declaration 
is directed to: 

[X] The attached application, or 

[ ] United States application or PCT international application 
number 

filed on 

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

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

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 
1001 by fine or imprisonment of not more than five (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 US PTO 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:~--:_/,~ _____ -_, _________________________ _ 

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 US PTO 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, calf 1-800-PTO-9199 and select option 2. 

15085222.doc 
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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, 

5 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 

10 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 

15 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. 

20 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 

25 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 

1 
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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 

5 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 ofMSBs being larger than the first set ofMSBs; 

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 

1 o 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 

15 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 

20 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, 

25 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 

30 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 

5 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. 

10 BRIEF DESCRIPTION OF DRAWINGS 

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

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

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

implementations of the present disclosure. 

15 [0011] FIG. 2 is a flow 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, 

20 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. 

25 [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. 

3 



IPR2025-01399 
CrowdStrike EX1002 Page 24

Attorney Docket No.: Ml6-180P-US2-b I 22193-0137002 

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

present disclosure. 

DETAILED DESCRIPTION 

5 [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 

1 o 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 

15 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 

20 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 

25 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 

30 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-

s 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 

1 o 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 

15 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. 

20 [0022] FIG. IA 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. IA, 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 

25 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 

30 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, 

5 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 

1 o 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. 

15 [0024] FIG. lB is a schematic 112 depicting an example of objectives addressed through 

implementations of the present disclosure. As shown in the example of FIG. lB, 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 

20 to more fine-grained computations if necessary. 

[0025] In the example of FIG. lB, 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 

25 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 

6 



IPR2025-01399 
CrowdStrike EX1002 Page 27

Attorney Docket No.: Ml6-180P-US2-b I 22193-0137002 

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 

5 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 

10 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 

15 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 

20 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, 

25 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 

30 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). According! y, 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 

5 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 

= L DnKn (D: data, K: kernel, M x N: kernel window size) 
n=l 

1 o [0029] Kernel may refer to the weights described with respect to FIG. 1 B. 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 

15 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, 

20 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. 

25 [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 



IPR2025-01399 
CrowdStrike EX1002 Page 29

Attorney Docket No.: Ml6-180P-US2-b I 22193-0137002 

[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 

5 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 

1 o 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 

15 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. 

20 [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 ( 406) 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-

25 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-

30 exhibiting data set ( 414). If a maximum is not found, then the next group of ( e.g., higher precision) 
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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. 

Example Equation 2 

itr-1 MXN L L 4itr-l-iD[MSB - 2 Xi: MSB - 2 Xi - l]nK[MSB - 2 Xi: MSB 

i=O n=l 

- 2 x i - l]n (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. 

Example Equation 3 

9 

=ID [7: 6]nK[7: 6]n 
n=1 

Example Equation 4 

= (t, D[7: 6JnK[7: 6Jn) X 4 + t D[S: 4JnK[S: 4Jn 

Example Equation 5 

= (t, D[7: 6JnK[7: 6Jn) X 16 + (t, D[S: 4JnK[S: 4Jn) X 4 + t, D[3: 2JnK[3: 2Jn 

[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. 
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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 

5 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) 

1 o 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 

15 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 

20 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 

25 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 

30 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 

5 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. 

10 

Table 1 

Conventional techniques Implementations described herein 

Power (mW) 92.81, 88.6 2 44.1 1, 41.8 2 

Total delay (ns) 629,145 746,1501, 752,770 2 

Energy (J) 58.384 X 10·9 1, 55.742 X 10·92 32.905 X 10·91 , 31.466 X 10·92 

Total cell area 687,876 222,784 

Difference average 0.00421, 0.0073 2 

Difference maximum 3 1 6 2 
' 

[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. 

15 Table 2 below shows a distribution of the number of iterations for processing image 1 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 

5 is 5 x 5 x 48, the pooling window is 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. 

10 

Table 3 

Conventional techniques Implementations described herein 

Logic power (mW) 84.8 37.8 

SRAM power (mW) 136.1 94.4 

Total power (mW) 220.9 132.2 

Total delay (ns) 594,132 971,939 

Total cell area (um2) 634,601 203,939 

Difference average 0.31 

Difference maximum 4 

[0047] Table 4 below shows a distribution of the number of iterations for processing the test 

image. 

Table 4 

I Image 

13 
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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 x 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 

5 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. 

1 o [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 

15 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/0) devices 950 controllable through one or more 1/0 interfaces 940. The 

various components 910, 920, 930, 940, or 950 may be interconnected through at least one system 

20 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 

25 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 

5 920 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 

1 o 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. 

15 [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, 

20 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 

25 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 

30 application-specific integrated circuits (ASICs). 

15 
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[0055] The system 900 may include one or more 1/0 devices 950. The 1/0 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 

5 1/0 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 1/0 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 1/0 interfaces 940 to enable components or 

1 o modules of the system 900 to control, interface with, or otherwise communicate with the 1/0 

device(s) 950. The 1/0 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 1/0 interface(s) 940 may 

comply with a version of the RS-232 standard for serial ports, or with a version of the IEEE 1284 

15 standard for parallel ports. As another example, the 1/0 interface(s) 940 may be configured to 

provide a connection over Universal Serial Bus (USB) or Ethernet. In some examples, the 1/0 

interface(s) 940 may be configured to provide a serial connection that is compliant with a version 

of the IEEE 13 94 standard. 

[0057] The 1/0 interface(s) 940 may also include one or more network interfaces that enable 

20 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 

25 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 

(WANs), wireless WANs (WWANs), wireless LANs (WLANs), mobile communications 

30 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. 

5 [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 

1 o 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 

15 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 

20 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 

25 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 

30 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. 

5 [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 

1 o 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 

15 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 

20 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 a random access memory or both. Elements of a computer can include 

25 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 

30 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 

5 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 

1 o 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. 

15 [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 UI 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 

20 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 

25 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 

30 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 

5 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 

1 o 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 

15 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-

20 ordered, added, or removed. Accordingly, other implementations are within the scope of the 

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

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

compnsmg: 

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 

ofMSBs. 

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. 
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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 

a 2 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 

ofMSBs. 

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. 
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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 

5 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 

1 o affecting the output features or the final classification accuracy. 

1 



IPR2025-01399 
CrowdStrike EX1002 Page 47

PTO/AIA/14 (01-22) 
Approved for use through 05/31/2024. 0MB 0651-0032 

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

Under the Paperwork Reduction Act of 1995, no persons are required lo respond to a collection of information unless it contains a valid 0MB 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 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name 

I IT ~ae-sun I t,eo 
Residence Information (Select One) • US Residency Non US Residency Active US Military Service 

City (rempe I State/Province I t'Z I Country of ResidencJ I tJs 

Mailing Address of Inventor: 

Address 1 ~001 E Playa Del Norte Drive #4138 

Address 2 

City I lfempe I State/Province I f'Z 
Postal Code I ~5281 I Countryi I 1us 
Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name 

I B tv,inkyu I t<im 

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

City J:;handler I State/Province I t'Z I Country of ResidencJ I 1-Js 

Mailing Address of Inventor: 

Address 1 ~450 West Pecos Road 

Address 2 

City I ~handler I State/Province I f'Z 
Postal Code I ~5224 I Countryi I 1us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be 

I generated within this form by selecting the Add button. 

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

EFSWeb2.2.13 

Add I 

Suffix 

I IT 

Suffix 

I B 



IPR2025-01399 
CrowdStrike EX1002 Page 48

PTO/AIA/14 (01-22) 
Approved for use through 05/31/2024. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB 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 

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

Customer Number eo9a5 

Email Address I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention ~ASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS 

Attorney Docket Number 22193-0137002 I Small Entity Status Claimed □ 
Application Type ~on provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) 1110 I Suggested Figure for Publication (if any) 11 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., #Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 153(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 157(a). 

I 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

I 11 

Pub I ication Information: 
D Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

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

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

Representative Information: 

. 
,,. 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: • Customer Number I US Patent Practitioner 10 Limited Recognition (37 CFR 11.9) 

Customer Number ~0985 

EFS Web 2.2.13 

I 



IPR2025-01399 
CrowdStrike EX1002 Page 49

PTO/AIA/14 (01-22) 
Approved for use through 05/31/2024. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB 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 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number'' field blank. 

Prior Application Status t>ending ... I Remove I 
Filing or 371 (c) Date 

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

I Continuation of ... 16335775 ~019-03-22 

Prior Application Status Pending ... I Remove I 
Filing or 371 (c) Date 

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

~6335775 a 371 of international ... PCT/US2017/052736 ~017-09-21 

Prior Application Status Expired ... I Remove I 
Filing or 371 (c) Date 

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

~CT/US2017/052736 t1aims benefit of provisional ... 62399753 ~016-09-26 

Additional Domestic Benefit/National Stage Data may be generated within this form 
I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1 ). 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

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

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

EFS Web 2.2.13 



IPR2025-01399 
CrowdStrike EX1002 Page 50

PTO/AIA/14 (01-22) 
Approved for use through 05/31/2024. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB control number. 

22193-0137002 Attorney Docket Number 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS 

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

□ 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1. 78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

EFS Web 2.2.13 



IPR2025-01399 
CrowdStrike EX1002 Page 51

PTO/AIA/14 (01-22) 
Approved for use through 05/31/2024. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB 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 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph B in subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), 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 
D 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 
D 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. 

EFS Web 2.2.13 



IPR2025-01399 
CrowdStrike EX1002 Page 52

PTO/AIA/14 (01-22) 
Approved for use through 05/31/2024. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB 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 11 I Remove I 
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. 

I Clear I 
Assignee I Legal Representative under 35 U.S.C. 117 I Joint Inventor 

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

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

1·1 

Name of the Deceased or Legally Incapacitated Inventor: I I 
If the Applicant is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

I I· I I I I I· 
Mailing Address Information For Applicant: 

Address 1 

Address 2 

City State/Province 

Country 11 Postal Code 

Phone Number Fax Number 

Email Address 

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

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 assignment recorded by the Office. 

EFS Web 2.2.13 



IPR2025-01399 
CrowdStrike EX1002 Page 53

PTO/AIA/14 (01-22) 
Approved for use through 05/31/2024. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB 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 ~ 
Complete this section if assignee 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 assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 

Prefix Given Name Middle Name Family Name Suffix 

I I· I I I I I· 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City 11 State/Province 

Countryi 11 Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. I Add I 

Signature: Remove 

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 more 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) r2023-01-13 

First Name ~eather I Last Name I f lanagan Registration Number 54101 

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

EFS Web 2.2.13 



IPR2025-01399 
CrowdStrike EX1002 Page 54

PTO/AIA/14 (01-22) 
Approved for use through 05/31/2024. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB 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, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

EFS Web 2.2.13 



IPR2025-01399 
CrowdStrike EX1002 Page 55

Privacy Act Statement 

The Privacy Act of 1974 (PL 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: 

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

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, pursuantto 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. 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. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1 .14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. 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. 

EFSWeb2.2.13 



IPR2025-01399 
CrowdStrike EX1002 Page 56

UNITED STATES PATENT AND TRADEMARK 0FFIGE 

NUMBER 

18/154,727 

20985 

FILING or 
371(c)DATE 

01/13/2023 

GRPART 
UNIT 

FISH & RICHARDSON P.C. (SD) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 

FIL FEE REC'D 

0 

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

P.O. Box 1450 
Alexandria, Vrrginia 22313-1450 
www.uspto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

22193-0137002 20 3 
CONFIRMATION NO. 4440 

FILING RECEIPT 

I lllll llllllll llll llll llllll~~~~~~~[~[ijl~l11~1U~~III IIIII IIIII IIII IIIII IIII 

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. 

lnventor(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 
Title 

CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS 

Preliminary Class 

Statement under 37 CFR 1.55 or 1.78 for AIA (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 US PTO 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-HAL T (1-866-999-4258). 
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GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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). 

Select USA 

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 I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 320 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 700 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 800 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 minus 20 = 0 OR X = 0 (37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 3 minus 3 = X = 0 (37 CFR 1.16(h)) 

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 1.16U)) 0 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1820 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
UJ Total Minus ** = 

OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent Minus *** = z X = OR X = 

UJ (37 CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

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

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

OJ AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
UJ Total Minus ** = X = 
~ (37 CFR 1.16(i)) OR X = 

0 
Independent Minus *** = z X = OR X = 

UJ (37 CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

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

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

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

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
Tho" 1:-1-. •-~ 1\1, •-L--~ n~- ' , 1c,IH p.,,;,-1 r-~" /Tnto::, n " ic, tho 1-.:_1-. fn,.no in tho L--, in ·- 1• ·-- 1 
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UNITED STATES PATENT AND TRADEMARK 0FFIGE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Vrrginia 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 

FORMALITIES LETTER 20985 
FISH & RICHARDSON P.C. (SD) 
P.O. BOX 1022 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

MINNEAPOLIS, MN 55440-1022 *OC000000054014460* 

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 htt.ps:/iwww.uspto.gov/ebc 

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

/azahmed/ 

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. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

18/154,727 

20985 

FILING OR 371(C) DATE 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Jae-sun Seo 22193-0137002 
CONFIRMATION NO. 4440 

WITHDRAWAL NOTICE 
FISH & RICHARDSON P.C. (SD) 
P.O. BOX 1022 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

MINNEAPOLIS, MN 55440-1022 *OC000000054065795* 

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/ AuthenticateU serLocalEPF .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. 

/ngfissha/ 

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. 
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UNITED STATES PATENT AND TRADEMARK 0FFIGE 

NUMBER 

18/154,727 

20985 

FILING or 
371(c)DATE 

01/13/2023 

GRPART 
UNIT 

FISH & RICHARDSON P.C. (SD) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 

FIL FEE REC'D 

0 

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

P.O. Box 1450 
Alexandria, Vrrginia 22313-1450 
www.uspto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

22193-0137002 20 3 
CONFIRMATION NO. 4440 

FILING RECEIPT 

I lllll llllllll llll llll llllll~~~~~~~[~[ijl~~~~lj~lllll lllll 111111111111111111 

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. 

lnventor(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 AIA (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 US PTO 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-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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). 

Select USA 

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 PT0-875 18/154,727 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 64 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 140 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 160 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 minus 20 = 0 OR X = 0 (37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 3 minus 3 = X = 0 (37 CFR 1.16(h)) 

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 1.16U)) 0 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 364 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
UJ Total Minus ** = 

OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent Minus *** = z X = OR X = 

UJ (37 CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

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

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

OJ AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
UJ Total Minus ** = X = 
~ (37 CFR 1.16(i)) OR X = 

0 
Independent Minus *** = z X = OR X = 

UJ (37 CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

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

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

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

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
Tho" 1:-1-. •-~ 1\1, •-L--~ n~- ' , 1c,IH p.,,;,-1 r-~" /Tnto::, n " ic, tho 1-.:_1-. fn,.no in tho L--, in ·- 1• ·-- 1 

I 111111111 
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UNITED STATES PATENT AND TRADEMARK 0FFIGE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Vrrginia 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 

FORMALITIES LETTER 20985 
FISH & RICHARDSON P.C. (SD) 
P.O. BOX 1022 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

MINNEAPOLIS, MN 55440-1022 *OC000000054065888* 

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. 

page 1 of 2 
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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 https://wwvv.uspto.9tw!erx 

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

/ngfissha/ 

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. 

page 2 of 2 
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PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 0MB 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 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number I Filing Date I Substitute for Form PTO-875 
18/154,727 01/13/2023 □To be Mailed 

ENTITY: D LARGE D SMALL 0 MICRO 

APPLICATION AS FILED - PART I 
Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) 

LJ BASIC FEE N/A N/A N/A 
(37 CFR 1.16(al, (bl, or (ell 

LJ SEARCH FEE N/A N/A N/A 
(37 CFR 1.16(k), (ii, or (m)) 

LJ EXAMINATION FEE N/A N/A N/A 
(37 CFR 1.16(0), (pl, or !nii 

TOTAL CLAIMS 
minus 20 = * X $ = 

(37CFR 1.16(i)) 

INDEPENDENT CLAIMS 
minus 3 = * X $ = (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 sheets 

□APPLICATION SIZE FEE (37 
of paper, the application size fee due is $310 ($155 
for small entity) for each additional 50 sheets or 

CFR 1.16(s)) fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 

0 MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3 
CLAIMS HIGHEST 

03/30/2023 REMAINING NUMBER 
PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

I- AFTER PREVIOUSLY 
z AMENDMENT PAID FOR w 
::iii: Total * 19 Minus ** 20 =0 X $ = 0 C f37CFR 1.16'ill 

z Independent *2 Minus *** 3 =0 X $ = 0 w f37 CFR 1.16fhll 

::iii: D Application Size Fee (37 CFR 1.16(s)) c( 

0 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 
PRESENT EXTRA RATE($) ADDITIONAL FEE($) 

AFTER PREVIOUSLY 
I- AMENDMENT PAID FOR z w Total * Minus ** = X $ = 
::iii: (37 CFR 1.16"ill 

C Independent * Minus *** X $ z (37 CFR 1.16(h)) = = 

w D Application Size Fee (37 CFR 1.16(s)) ::iii: 
c( LJ 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 "Hiahest Number Previouslv 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 US PTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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Attorney's Docket No.: 22193-0137002 I Ml6-180P-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 : 
Application No. 
Filed 
Page 

Jae-sun Seo 
18/154,727 
January 13, 2023 
2 of5 

Amendments to the Claims: 

Attorney Docket No.: 22193-0137002 I Ml6-180P­
US2-b 

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) 

least 4. 

26. (New) 

phthalate. 

27. (New) 

The method of claim 21, wherein a dielectric permittivity of the plasticizer is at 

The method of claim 21, wherein the plasticizer further comprises dibutyl 

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 
18/154,727 
January 13, 2023 
3 of 5 

Attorney Docket No.: 22193-0137002 I Ml6-180P­
US2-b Application No. 

Filed 
Page 

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 

compnsmg: 

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) 

nanoparticles. 

33. (New) 

The method of claim 31, wherein the upconverting nanoparticles comprise cubic 

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 
18/154,727 
January 13, 2023 
4 of5 

Attorney Docket No.: 22193-0137002 I Ml6-180P­
US2-b Application No. 

Filed 
Page 

35. (New) 

least 4. 

36. (New) 

phthalate. 

37. (New) 

The method of claim 31, wherein a dielectric permittivity of the plasticizer is at 

The method of claim 31, wherein the plasticizer further comprises dibutyl 

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 : 
Application No. 
Filed 
Page 

Jae-sun Seo 
18/154,727 
January 13, 2023 
5 of 5 

Attorney Docket No.: 22193-0137002 I Ml6-180P­
US2-b 

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. 

Date: March 30 2023 

Customer Number 20985 
Fish & Richardson P.C. 
Telephone: +l (512) 226-8156 
Facsimile: (877) 769-7945 

100850824.doc 

Respectfully submitted, 

/Heather L. Flanagan/ 

HeatherL. Flanagan, Reg. No. 54,101 
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Attorney Docket No.: 22193-0137002 / Client Ref: Ml6-180P-US2-b 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor : Jae-sun Seo Art Unit Unknown 
Application No. 
Filed 

18/154,727 Examiner Unknown 
January 13, 2023 Conf. No. 4440 

Title 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: 

IRl Payment of the basic filing fee of $64; 

IRl Payment of the search fee of $140; 

IRl Payment of the examination fee of $160; 

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

declaration; and 

IRl 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 

Customer Number 20985 
Fish & Richardson P.C. 
Telephone: +l (512) 226-8156 
Facsimile: (877) 769-7945 

100850821.doc 

Respectfully submitted, 

/Heather L. Flanagan/ 

HeatherL. Flanagan, Reg. No. 54,101 
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1 _ r:1.im·· UNITED STATES : >~ PATENT ANO TRADEMARK OFFICE 

Page 1 of 2 
PO Bo:< 1450 

Alexand,ia. VA 223, 3 - 1450 
VV'vV""./'/.USpto,go\/ 

ELECTRONIC ACKNOWLEDGEMENT RECEIPT 

APPLICATION # 
18/154,727 

Title of Invention 

RECEIPT DATE/ TIME 
03/30/2023 02:33:15 PM ET 

ATTORNEY DOCKET# 
22193-0137002 

CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS 

Application Information 

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

CONFIRMATION# 4440 

PATENT CENTER# 61841350 

CUSTOMER# 20985 

CORRESPONDENCE -
ADDRESS 

Documents 

PATENT# -

FILED BY Veronica Juarez 

FILING DATE 01/13/2023 

FIRST NAMED Jae-sun Seo 
INVENTOR 

AUTHORIZED BY Heather Flanagan 

TOTAL DOCUMENTS: 4 

DOCUMENT PAGES DESCRIPTION SIZE {KB) 

22193-0i 37002 PA.PDF 

22-193-0·137002 PA­

APEopdt 

22i 93-0i 37002 PA­

CLM.pdf 

22193-0137002 PA­

REM. pdf 

013700~~ RespMP.PDF 

Prelirninary Amendment 

C!airns 

Applicant Arguments/Remarf-.;;s 
Made in an Amendrnent 

Applicant Response to Pm­

Exam Formalities Notice 

58 KB 

40 KB 

53 KB 

41 KB 

58 KB 
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Digest 

DOCUMENT 

22193-0137002 PA.PDF 

22i 93--0i 37002_PA--A.PE.pdt 

22i 93~0i 37002 ___ PA~REM.pdf 

22193-0137002 .... RespMP.PDF 

Page 2 of 2 

391E29F24507957196878461088351A6674DA98A9EF2D97CEF 
32F614002D61EEE6099F3008BDB040BFB39C00362323A83D31 
2804EF889EE324EBE7D71ED99O95 

874B32D8F6A556925CFB32DF884F58CE0O809FEB9E802E032 
65E255FC6FA06A306846EB2628C6D535DFD7A27871F13A9FF 
98A3EA0A10ACAF1D28A0551C371BC8 

7830CFE3F5C33697045919FF482DFCB78030C8C940140F3C72 
2C672B11520CB9C8E30FB4564EEA58F0D3BC5A7BBAE234CF 
5184ACSC812A5019193AB9676E9D22 

AEE6E58B0FB0DA63D9FB1F36497A9B78A51E19B582F5AB5D9 
3224D6FEGE4CCAAC8946AFBDBD7CD0D921DF334A99B5E92D 
C674E3E367325201CGE3CB1842B8D38 

66C3587AA60E03E4DE5FED34DA6CC436E2593177A230370B4 
8A023BFBB0C2CFD67ED84C6C630C281C6BA81EDB14A458EB 
0F0A91F2A3657CD4F2F7088E3F998F4 

This Acknmvledgement Receipt evidences rnceipt on the notecl ciate by the USF'TO of the inclicatecl ciocuments, clw.racte,izeci 

by tr1e applicant, and including page counts, 1,vhere appiicabie. It serves as evidence of rnceipt similar to a Post Card, as 
d,,,sc:r,o,,,d in MP[P 503 

ll a new application is being liled and the applicat:on inc,udes the necessary componen!s lor l::ing date (see 37 c,:;R i .53(b)·(d) 

and MPU·' 506), a r::iling Heu,ipt (37 CFH i .54) wil: be isslwd in due course and the dat;:i shown on this Ac:knowl<,,dgement 

Receipt 1Nill estab!isl1 the filino date of tile application 

National Stage of m, !ntemationa! App!k.:ation 1.mder 35 U.S.C. 371 

ll a timeiy submission to enter the na!iona, staq;:i ol an in!en:a.tional appl:c:ation is compliant w,th !l:e conoitions ol 35 U.S.C 

371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage 

subrnission under 35 U.S C. 371 will be ,ssued in addition to the Hing Receipt in due course. 

New international Applicatkm fi!ed with the USPTO as a Receiving omce 

If a new internationa! application is beino filed and the international application includes the necessary cornponer1ts for an 

intema!ional rn,ng date (see PCT Ar!ic:le i 1 and MPEP i 810), a f\lotification of the International Appl,c:ation ~,lumber and of the 

International Filing Date (Fmm PCT/RO/105) will be issueci in due course, subject to pi-esc,iptions conce:11ing national security, 

and tr1e date sr1ovvn on U-1is Ackno1,vledgement Receipt will establish the international filino date of the application, 
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1 _ r:1.im·· UNITED STATES : >~ PATENT ANO TRADEMARK OFFICE 

Page 1 of 2 
PO Bo:< 1450 

Alexand,ia. VA 223, 3 - 1450 
VV'vV""./'/.USpto,go\/ 

ELECTRONIC PAYMENT RECEIPT 

RECEIPT DATE/ TIME ATTORNEY DOCKET# APPLICATION # 
18/154 1727 03/30/2023 02:33:15 PM ET 22193-0137002 

Title of Invention 
CASCADED COMPUTING FOR CONVOLUTiOhlAL NEURAL hlETWOm<S 

Application Information 

APPLICATION TYPE Utility - Nonpmvisional Application 
unde, 35 USC 11 ·, (a) 

CONFIRMATION# 4440 

PATENT CENTER# 5·; 841350 

CUSTOMER# 20985 

CORRESPONDENCE -
ADDRESS 

Payment Information 

PAYMENT METHOD 
DA/ 061050 

PAYMENT TRANSACTION ID 
E20233TE34096121 

FEE CODE 

3051 

3111 

DESCRIPTION 

SURCHAFH3E- LATE FILlhlG FEE. 

SEARCH FEE. EXAtvll~~ATIOi\J FEE, 

INVENTOR'S OATH OR 

DECLARATION, OR APPUCATIOf~ 

FILED WITHOUT AT LEAST ONE. 

CLAIM on BY REFERENCE 

UTILITY PATENT APPi... SEARCH 

FEE 

BASIC FILlf\JG f:'.EE - UTILITY (PAPER 

FII..ING ALSO REQUIRES NOf\J­

EL.ECTROf\JIC FIL.11\JG FEE LH\JDER 

PATENT# -

FILED BY Vmonica Juamz 

AUTHORIZED BY Heather Flanagan 

FILING DATE 07/"1]/2023 

FIRST NAMED Jae-sun Seo 
INVENTOR 

PAYMENTAUTHOR~EDBY 
Ver,:mica Juarez 

ITEM PRICE($) QUANTITY ITEM TOT AL($) 

3200 32.00 

140.00 140.00 

64.00 
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EXAMINl\TION OF ORIGINAL 

PATF::NT APPLICATION 

-imrno 

TOTAL 

A.MOUNT: 

Page 2 of 2 

160.00 

$396.00 

This Acknowledgement Receip! evidences rnce,pt on the noted date by the USPTO of the ,ndirnted documents, characterized 

by the applica.nt, and i:1cluding paq;:i counts. where appiicabi::i. It serves as evidence of rece,pt si:n:lm to a F'ost Ca.rd. as 
described in MPEP 503. 

New Applicat!ons Under 35 U.S.C. 11 i 

If a new a.pplica!ion is be,nq filed and !l,::i application inciuoes !l,::i necessary components for fiiing date (see Ti' CF+l 1 S{(b)··(d) 
and MPEP 5061, a Filing Receipt (37 CFR 1.54) vvil! be issued in due course and tr1e date sl1011',tn on this Acknovvledgement 

Receipt 'Nill estab:ish tr1e filing date of the application 

National Stage of an International Appl!catlon under 35 U,S,C. 371 

I! a time!)' submission to enter tile nationai stage of an international application is compliant with the conditions ol 35 U.S.C. 

371 and otrier applicable requiremen!s a Form PCT/DO/EO/903 ,ndirnt:ng acceptance of the application as a national stage 
submission under 35 USC. 371 will be issueci in acldition to the Fi!inq F{eceipt, in cue course. 

New International App!icaUon Filed wmi the USPTO as a Receiving Office 

ll a new interna!iona, app!ication ,s being !iled and the internationa! Hpplication includes Uie necessary cornponents !or an 
inte:11ational fiiing oate {see PCT Article ·11 and MPEP 181 Ole a I\Jotification of tl:e lntemational Application f\lumber and of tl:e 

International Fili no Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security, 
and the da.ie shown on this Acknowledgement H,::eeip! ,Nill es!ablisl: the ,ntemationai filin~J da.ie of !l:e application. 
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UNITED STATES PATENT AND TRADEMARK 0FFIGE 

NUMBER 

18/154,727 

20985 

FILING or 
371(c)DATE 

01/13/2023 

GRPART 
UNIT 

FISH & RICHARDSON P.C. (SD) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 

FIL FEE REC'D 

396 

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

P.O. Box 1450 
Alexandria, Vrrginia 22313-1450 
www.uspto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

22193-0137002 18 2 
CONFIRMATION NO. 4440 

UPDATED FILING RECEIPT 

I lllll llllllll llll llll llllll~~~~~~~[~[~~~~~!~]lll lllll 111111111111111111 

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. 

lnventor(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 4 



IPR2025-01399 
CrowdStrike EX1002 Page 82

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 AIA (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 US PTO 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 

page 2 of 4 



IPR2025-01399 
CrowdStrike EX1002 Page 83

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-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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). 

Select USA 

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 

page 3 of 4 



IPR2025-01399 
CrowdStrike EX1002 Page 84

technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 

page 4 of 4 



IPR2025-01399 
CrowdStrike EX1002 Page 85

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PT0-875 18/154,727 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 64 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 140 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 160 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 18 minus 20 = 0 OR X = 0 (37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 2 minus 3 = X = 0 (37 CFR 1.16(h)) 

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 1.16U)) 0 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 364 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
UJ Total Minus ** = 

OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent Minus *** = z X = OR X = 

UJ (37 CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

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

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

OJ AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
UJ Total Minus ** = X = 
~ (37 CFR 1.16(i)) OR X = 

0 
Independent Minus *** = z X = OR X = 

UJ (37 CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

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

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

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

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
Tho" 1:-1-. •-~ 1\1, •-L--~ n~- ' , 1c,IH p.,,;,-1 r-~" /Tnto::, n " ic, tho 1-.:_1-. fn,.no in tho L--, in ·- 1• ·-- 1 

I 111111111 



IPR2025-01399 
CrowdStrike EX1002 Page 86

Attorney's Docket No.: 22193-0137002 I Ml6-180P-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. 



IPR2025-01399 
CrowdStrike EX1002 Page 87

First Named Inventor : 
Application No. 
Filed 
Page 

Jae-sun Seo 
18/154,727 
January 13, 2023 
2 of3 

Amendments to the Claims: 

Attorney Docket No.: 22193-0137002 I Ml6-180P­
US2-b 

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 

compnsmg: 

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 : 
Application No. 
Filed 
Page 

Jae-sun Seo 
18/154,727 
January 13, 2023 
3 of3 

Attorney Docket No.: 22193-0137002 I Ml6-180P­
US2-b 

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. 

Date: April 5, 2023 

Customer Number 20985 
Fish & Richardson P.C. 
Telephone: +l (512) 226-8156 
Facsimile: (877) 769-7945 

100850824.doc 

Respectfully submitted, 

/Heather L. Flanagan/ 

HeatherL. Flanagan, Reg. No. 54,101 
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Attorney's Docket No.: 22193-0137002 I Ml6-180P-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 : 
Application No. 
Filed 
Page 

Jae-sun Seo 
18/154,727 
January 13, 2023 
2 of5 

Amendments to the Claims: 

Attorney Docket No.: 22193-0137002 I Ml6-180P­
US2-b 

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 

ofMSBs. 

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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First Named Inventor : 
Application No. 
Filed 
Page 

Jae-sun Seo 
18/154,727 
January 13, 2023 
3 of 5 

Attorney Docket No.: 22193-0137002 I Ml6-180P­
US2-b 

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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Attorney Docket No.: 22193-0137002 I Ml6-180P­
US2-b 

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. 
Filed 
Page 

Jae-sun Seo 
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Attorney Docket No.: 22193-0137002 I Ml6-180P­
US2-b 

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. 

Date: April 17, 2023 

Customer Number 20985 
Fish & Richardson P.C. 
Telephone: +l (512) 226-8156 
Facsimile: (877) 769-7945 

Respectfully submitted, 

/Heather L. Flanagan/ 

Heather L. Flanagan, 
Reg. No. 54,101 
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Page 1 of 2 
PO Bo:< 1450 

Alexand,ia, VA 223, 3 - 1450 
VV'vV""./'/.USpto,go\/ 

ELECTRONIC ACKNOWLEDGEMENT RECEIPT 

APPLICATION # 
18/154,727 

Title of Invention 

RECEIPT DATE/ TIME 
04/17/2023 04:49:38 PM ET 

ATTORNEY DOCKET# 
22193-0137002 

CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS 

Application Information 

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

CONFIRMATION# 4440 

PATENT CENTER# 61934080 

CUSTOMER# 20985 

CORRESPONDENCE -
ADDRESS 

Documents 

PATENT# -

FILED BY Veronica Juarez 

FILING DATE 01/13/2023 

FIRST NAMED Jae-sun Seo 
INVENTOR 

AUTHORIZED BY Heather Flanagan 

TOTAL DOCUMENTS: 3 

DOCUMENT PAGES DESCRIPTION SIZE {KB) 

22193-0i 37002 PA3YDF 

22·193-0·137002 PA3-

APE.opdt 

22i 93-0i 37002 PA3-

CLM.pdf 

22193-0137002 PA3-

REM. pdf 

Digest 

Prelirninary Amendment 

C!airns 

Applicant Arguments/Remarf-.;;s 
Made in an Amendrnent 

Ei8 KB 

4·1 KB 

53 KB 

42 KB 
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DOCUMENT 

22193-0137002 PA3.PDF 

22i 93--0i 37002_PA3-AJ-'E.pdf 

22193-013700~~_PA3--CUv1.pdt 

Page 2 of 2 

0C11C4C23BF3790E45AA7ADA05CEA026E7E8A9BE3O38ED6E 
48540566E1486CC2B667C70F3AC992A67O40DCF4C29B7F99F 
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589FD88O812A59C6318490EAB99785334F6F28E5788509E0E1 
2E3AB269DCCBE57E9FE7A4OD72B0A 

This Acknovvledgement Receipt eviciences receipt on t:1e noted Cate by t:1e USPTO of tl1e indicated cocuments, charactetizec 

by the applicant, and including page counts. where app!icab!e. It serves as evidence of receipt similar to a Post Card. as 

described in MF'EP 503. 

If a new application is beino filed and the application includes the necessary components for fi!ing date (see 37 CFR 1.53(b)-(d) 

and MPU-' 506), a Hlk1g F."(eceipt (37 CFH 1 .54) wili b::i issued in due cours::i and the ca.te shown on this Acknowledqement 

Receipt will estabiish the filing date of the application 

Nafa:ma! Stage of an !ntemationa! A.ppHcation under 35 LLS,C:, 371 

If a time\' submission !o enter the nationai stage of an international applica.!,on is compliant wi!I, the conditions of 35 U .S.C. 

37'1 and other applicable requiretnents a Forni PCT/DO/E0/903 indicatino acceptance of the application as a national stage 

subm,ss,on under 35 US.C. 371 will be issued in Hddition !o the F::ing Receipt, in due course. 

New International AppUcaUon fi!ed wm1 the USPTO as a Receiving Off!ce 

If a new intemationai app!ication is being fileci anc tl1e internationa! application includes tile necessa.ty components for an 

intemational ming date (see PCT .Article 1 i and MPEP i 810)- a ~JoWication of !he lnterncrtional ApplicHtion Number and of !he 

International r::iling Da!,,, (Form F-CTiHO!"I 05) will b,,, ,ssu;:io in due cours,,,, subject to pr,,,sc,·i0tions concerning national secur,ty, 

and the date shown on this .Aclqmwledoernent Receipt 1Nill establish the internationa! filing date of the application. 
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Attorney Docket No.: 22193-0137002 / Ml6-l80P-US2-b 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor : 
Application No. 
Filed 
Title 

Jae-sun Seo Art Unit 2616 
l 8/l 54,727 Examiner Xilin Guo 
January 13, 2023 Conf No. 4440 
CASCADED COMPUTING FOR CONVOLUTIONAL N-:ElJR.AL 
NETWORKS 

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

INF'OR1\1ATION DISCLOSURE STATEMENT 

Please consider the documents listed on the disclosure fom1 submitted with this 

statement. Copies of the documents are being submitted with this statement to the extent 

required under 37 C.F.R. § l .98(a)(2). 

This application relies on the earlier filing date of application number l 6i335,775, filed 

on 1farch 22, 20! 9. Under 37 CFR § l .98 (a)(2) and 37 CFR § 1.98(d), the earlier application is 

properly identified and is relied on for an earlier effective filing date under 35 U.S.C. § 120 and 

therefore copies of foreign 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. ID Nos. 5 and 16 have not been submitted to 

andior cited by the Office in the earlier application. 

This staternent is being filed before the receipt of a first action on the rnerits. 
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First Named Inventor : 
Application No. 
Filed 
Page 

Jae-sun Seo 
18/154,727 
January 13, 2023 
2 of2 

Attorney Docket No .. 22193-0137002 / Ml6-180P­
US2-b 

Apply any necessary charges or credits applicable under 37 C.F.R. § l. l 7(p) to deposit 

account 06-1050, referencing the above attorney docket number 

Please contact the undersigned if there are any questions regarding this statement 

Respectfully submitted, 

Date: Mav 15 2023 

Customer Number 20985 
Fish & Richardson P.C. 
Telephone: +l (512) 226-8156 
Facsimile: (877) 769-7945 

6320123Ldoc 

/Heather L. Flanagan/ 

HeatherL Flanagan, Reg. No. 54,101 
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Substitute Disclosure F onn U.S. Department of Commerce Attorney Docket No. 
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Patent and Trademark Ofike 22193-0137002 18/154,727 

Information Disclosure Statement Applicant 

by Applicant Jae-sun Seo et al. 
(Use several sheets if necessary} Filing Date 

I 
Group Ait Unit 

(37 CFR ~L9S(b)} January n 2023 2616 - ' 

U.S. Patent Documents 
Examiner Desig. Pubiication Filing Date 

lnitiai ID Document Number Date Patentee if Appropriate Class Subciass 

l. 5822452 10/13/1998 Tarolli et al. 

2. 9436895 9/6/2016 Jones et al. 

3. 9466362 10/11/2016 Yu et al. 

4. 9934463 4/3/2018 Seo et al. 

5. 11556779 l/l 7/2023 Seo et al 

6. 20150032449 1/29/2015 Sainath et al. 

7. 20150255062 9/l 0/2015 Penn et al. 

8. 20150339571 11/26/2015 Krizhevsky et al. 

q 20170220929 8/3/2017 Rozen et al. 

10. 20170300815 10/19/2017 Seo 

11. 20170316307 11/2/2017 Koster et al . 

12. 20190080755 3/14/2019 Seo et al. 

13 20190087719 3/21/2019 Seo et al. 

14. 20190150794 5/23/2019 V rudhul a et al. 

15. 20190164538 5/30/2019 Seo et al. 

16. 20190244100 8/8/2019 Seo et al 

Foreign Patent Documents or Published Foreign Patent Applications 
Examiner Desig. Publication Country or 

lnitiai ID Document Number Date Patent Office Translation Class Subclass 

17. \VO 2016033506 3/3/2016 WO 

18. \VO 2017190089 11/2/2017 \VO 

19. \VO 2018022821 2/1/2018 WO 

Other Documents (include Author, Title, Date, and Place of Publication) 
Examiner Desig. 

lnitiai ID Document 

20. 
International Search Report and Written Opinion in International Appln. No. 
PCT/US2017/052736, dated January 8, 2018, 9 pages 

Ex;irniner Sign;iture Date Considered 

EXAMINER: Initials citation considered. Drnw line througt1 citation if not in confonnance and not considered. In dude copy of U1is form with 
next com1T1unication to ;i ilicant. 

Substitute Disclosure Forrn 
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1 _ r:1.im·· UNITED STATES : >~ PATENT ANO TRADEMARK OFFICE 
PO Bo:< 1450 

Alexand,ia, VA 223, 3 - 1450 
VV'vV""./'/.USpto,go\/ 

ELECTRONIC ACKNOWLEDGEMENT RECEIPT 

APPLICATION # 
18/154,727 

Title of Invention 

RECEIPT DATE/ TIME 
05/15/2023 03:44:07 PM ET 

ATTORNEY DOCKET# 
22193-0137002 

CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS 

Application Information 

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

CONFIRMATION# 4440 

PATENT CENTER# 62091913 

CUSTOMER# 20985 

CORRESPONDENCE -
ADDRESS 

PATENT# -

FILED BY Beth Schachtner 

FILING DATE 01/13/2023 

FIRST NAMED Jae-sun Seo 
INVENTOR 

AUTHORIZED BY Heather Flanagan 

Documents TOTAL DOCUMENTS: 1 

DOCUMENT 

22193-0i 37002 !OS,pdf 

PAGES DESCRIPTION 

3 !nfonr1ation Disclosure 

Statement (!OS) Form (S808) 

Warning: This is not a USPTO supplied !OS @able form. Data in the form cannot be 

autorr1atica!!lf !oaded to other USPTO svslems. ) , 

Digest 

DOCUMENT 

SIZE {KB) 

135 KB 

22193-0i 37002 !DS.pdf BEBF4937E04F8D1919EE2FD3919E9737OC38A8FA48BC23728 
8OF3C2BA9451517EB64A0AF6202E01O37EAFB5E5930E4AF18 
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Page 2 of 2 

663982453611D8A8DFBA9738FF612F 

This Acknowledgement Receip! evidences rnce,pt on the noted date by the USPTO of the ,ndirnted documents, characterized 
by the applica.nt, and i:1cluding pag;:i counts, where appiicabi::i. It serves as evidence of rece,pt si:n:lm to a F'ost Ca.rd, as 
described in MPEP 503. 

New App!icat!ons Under 35 U.S.C. 11 i 

If a new a.pplica!ion is be,ng filed and !l,::i application inciuoes !l,::i necessary components for fiiing date (see Ti' CF+l 1 S{(b)··(d) 
and MPEP 5061, a Filing Receipt (37 CFR 1.54) vvil! be issued in due course and tr1e date sl1011',tn on this Acknovvledgement 
Receipt 'Nill estab:ish tr1e filing date of the application 

National Stage of an !ntemationa! Appl!cation under 35 U,S,C. 371 

I! a time!)' submission to enter tile nationai stage of an international application is compliant with the conditions ol 35 U.S.C. 
371 and otrier applicable requiremen!s a Form PCT/DO/E0/903 ,ndirnt:ng acceptance of the application as a national stage 
submission under 35 USC. 371 will be issueci in acldition to the Fi!inq F{eceipt, in cue course. 

New International App!icaUon Filed wm-i the USPTO as a Receiving Office 

ll a new interna!iona, app!ication ,s being !iled and the internationa! Hpplication includes Uie necessary cornponents !or an 
inte:11ational fiiing Cate {see PCT Article ·11 and MPEP 181 Ole a I\Jotification of tl:e International Application f\lumber and of tl:e 
International Fili no Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning national security, 
and the da.!e shown on this Acknowledgement H,::eeip! 1Nill es!ablisl: the ,ntemationai filin~J da.!e of !l:e application. 
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UNITED STATES PATENT AND TRADEMARK 0FFIGE 

APPLICATION NUMBER FILING OR 371(C) DATE 

18/154,727 

20985 
FISH & RICHARDSON P.C. (SD) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 

01/13/2023 

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

P.O. Box 1450 
Alexandria, Vrrginia 22313-1450 
www.uspto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Jae-sun Seo 22193-0137002 
CONFIRMATION NO. 4440 

PUBLICATION NOTICE 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
*OC000000059313170* 

Date Mailed: 07/13/2023 

Title:CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS 

Publication No.US-2023-0222339-A 1 
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 

page 1 of 1 
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Application No. Applicant(s) 
18/154,727 Seo et al. 

Examiner-Initiated Interview Summary Examiner Art AIA {First Inventor 

Xilin Guo Unit to File) Status 

2616 Yes 

Xilin Guo Primary Examiner Telephonic 
Heather Flanagan Attorne 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 I 

Page 

1 of 1 

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:lt 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 Paper No. 20230712 
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Application/Control No. Applicant(s)/Patent Under 
18/154,727 Reexamination 

Notice of References Cited 
Seo et al. 

Examiner Art Unit 
Xilin Guo 2616 Page 1 of 1 

U.S. PATENT DOCUMENTS 

* 
Document Number Date 

Name CPC Classification US Classification 
Country Code-Number-Kind Code MM-YYYY 

* A U S-20180081632-A 1 03-2018 Langhammer; Martin G06F7/5443 1 /1 

* B US-5822452-A 10-1998 Tarolli; Gary G06T9/002 345/582 

* C US-20170316307-A 1 11-2017 Koster; Urs G06F7/5443 1 /1 

* D US-20170220929-A 1 08-2017 Rozen; Piotr G06F7/483 1 /1 

E 

F 

G 

H 

I 

J 

K 

L 

M 

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Name CPC Classification 
Country Code-Number-Kind Code MM-YYYY 

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

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

u 

V 

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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Issue Classification 

CPC 

Symbol 

G06N rI 3 I ill I 
G06N t? 3 IM 
G06N !I 3 I !I 
G06F mt 7 I mt 

CPC Combination Sets 

Symbol 

Application/Control No. 

18/154,727 

Examiner 

Xilin Guo 

08 

045 

0464 

48 

1m1 I l I 

NONE 

(Assistant Examiner) 

/XILIN GUO/ 
Primary Examiner, Art Unit 2616 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Page 1 of 3 

Applicant(s)/Patent Under Reexamination 

Seo et al. 

Art Unit 

2616 

Type Version 

F 2013-01-01 

I 2023-01-01 

I 2023-01-01 

I 2013-01-01 

Type Set Ranking Version 

Total Claims Allowed: 

(Date) 11 

17 July 2023 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 40 4 

Part of Paper No.: 20230712 
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Issue Classification 

INTERNATIONAL CLASSIFICATION 

CLAIMED 

G06N 

I NON-CLAIMED 

US ORIGINAL CLASSIFICATION 

CLASS 

CROSS REFERENCES(S) 

CLASS 

NONE 

(Assistant Examiner) 

/XILIN GUO/ 
Primary Examiner, Art Unit 2616 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Application/Control No. 

18/154,727 

Examiner 

Xilin Guo 

I r 13 

Applicant(s)/Patent Under Reexamination 

Seo et al. 

Art Unit 

2616 

I rnl as 

SUBCLASS 

SUBCLASS (ONE SUBCLASS PER BLOCK) 

I I I I I 

Total Claims Allowed: 

(Date) 11 

17 July 2023 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 40 4 
Part of Paper No.: 20230712 

Page 2 of 3 
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Issue Classification 
Application/Control No. 

18/154,727 

Examiner 

Xilin Guo 

Applicant(s)/Patent Under Reexamination 

Seo et al. 

Art Unit 

2616 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. D R.1.47 
CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

1 40 10 49 
2 41 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 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 2616 

(Primary Examiner) (Date) 40 4 

U.S. Patent and Trademark Office Part of Paper No.: 20230712 

Page 3 of 3 
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Page 1 of 2 

Part of Paper No.: 20230712 



IPR2025-01399 
CrowdStrike EX1002 Page 111

Search Notes 

Interference Search 

Application/Control No. 

18/154,727 

Examiner 

Xilin Guo 

US Class/CPC 
US Subclass/CPC Group 

Symbol 

G06N3/08 

G06N3/045 

G06F7/48 

G06N3/0464 

/XILIN GUO/ 
Primary Examiner, Art Unit 2616 

U.S. Patent and Trademark Office 
Page 2 of 2 

Applicant(s)/Patent Under Reexamination 

Seo et al. 

Art Unit 

2616 

Date Examiner 

07/17/2023 XLG 

07/17/2023 XLG 

07/17/2023 XLG 

07/17/2023 XLG 

Part of Paper No.: 20230712 



IPR2025-01399 
CrowdStrike EX1002 Page 112

Application/Control No. Applicant(s)/Patent Under Reexamination 

Index of Claims 18/154,727 Seo et al. 

Examiner Art Unit 

Xilin Guo 2616 

✓ Rejected - Cancelled N Non-Elected A Appeal 

- Allowed Restricted I Interference 0 Objected -

CLAIMS 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. 0 R.1.47 

CLAIM DATE 
Final Original 07/17/2023 

40 = 
41 = 
42 = 
43 = 
44 = 
45 = 
46 = 
47 = 
48 = 
49 = 
50 = 

U.S. Patent and Trademark Office Part of Paper No.: 20230712 

Page 1 of 1 



IPR2025-01399 
CrowdStrike EX1002 Page 113

7/12/23, 9:55 AM 

lEEE.org 

........ ........ ........ 
A:::-:e::s rrnvid,d by: 

8JB~t~•J Stm~F; PM~nt ~m:3 
Trad(:nJ..or-k Offjr,c::: 

All 

c::J ConforcEces (29'!) 

Au!b.;H" 

Affilht!ion 

lH.ESA 

U Journal;; (144) 

IEEE Xplore Search Results 

Accc-s::; P-'-"•:•vickd by: 

lJai(c:::d ~rnt(:S Pa1ud amd 
"i~·..srlc~~H~~·k {Hfi.n~ 

U Early Access Article;; (7) 

Crnt 

&+ 

Q. 

Cmitt 

i+J Account 

ADVANCW %ARCH 

Pr:rso::al 

Sign ln 

.......................................... 

Year :wn : Volume: 6, lssiie: l I .lemma! A1iicle ! Puhlisher: PTP 

Citd by. Paper, (J 0) 

v Abstract ~ ::. .... ~ 

Hierarchical Digital Modulation Classification Using Cascaded 
Convolutional Neurnl Network 

Journc:, of Comrrnrnic,,irm, ,,nd .:.nfonnatwn Networks 

Yr:ar: 2021 ! Volume: 6, lsc;ue: 1 ! foUinal Artick ! i'ublisher: PD' 

: S,H1 

, •• , Surnll~$C2ie iurnge n,r.ogulfom ba5ed on Ca,r.ade:d C!mvolutimrnl Neurnl J"i;;tw,n·k 

Erji Snn 

. . . . 
[ __ ~'",,zt:!1~\.··ancG>~:c~:1 ....... i 

hEl JEEE :'ifa Advanced l:1fcn,1;:ti()n J('.chaolegy. Elect.r0,1ic ;;,1c, A11tomati0,1 Ce,1,rol Conference 

(IAEAC) 

Year: 2021 ! Conference Pape, I Puhlisher: lEFE 

Cited b,: Papers (3) 

, ••. A_bstract HTML © 
Small-scak image recognition based on Cascaded Convolutional Neural 
Net·work 

Enji Snn 

202 J IEEE 5,JJ Advanc;;d Iafor::natio,1 Tedirnilos'Y, Ekc,rorric and Atttoma1iorr Corrtml 

Cnnferet;ce (IAEAC) 

Year: 2021 i Conferrnce Paper i Publisher: IEEE 

https://ieeexplore.ieee.org/search/searchresult.jsp?newsearch=true&queryText=cascaded computing for convolutional neural network 1/9 



IPR2025-01399 
CrowdStrike EX1002 Page 114

7/12/23, 9:55 AM 

f'ublicatiot! Topi.:s 

IEEE Xplore Search Results 

HTML © 
Cascaded Neural Network for Memristor based Neuromorphic 
Computing 

Shcng"Y:mg Sun: H11i Xi,; favc'.i Li; Haij,m Liu: Qiagjim,g Li 

?Ol'.1 ink:rmtio:.i;;J foiat Confr:,cmx on Nc11r3J N?tworks (UCNNJ 

Year: 2Jn 9 ! Conference-Paper ! Pub!js!1er: lEEE 

,--, Trnffo: 3lgn lkte.:tion b2,e:(! un r:rn:,,ded conv,;lutlimal neurni tH,twul"ln 

Dl Zang; Jurtql Zh;mg; Dongdcr:.g Zh:ing: :V!aomac B:io: Jiujurr Cheag; Keshmag T,u;g 

2016 17th lEEE/AClS international Co1lierernx 0:1 Soih1•are Eng,neeri;ig, Artificial Imdliger:.ce. 

Nelwcrkl;ig :ind Parallel/Di,;nibtttetl Compu1ittg (SNPD) 

Yem. 2016 ! Cmlierence Paper I Publisher: lEEE 

Clted b,: Papers (2 l) I Paterrts ( l) 

v Ahstr;;ct © 
Traffic sign detection based on cascaded convolutional nemal networks 

Di Zoag:; Junqi Zhang: Dongdoag Zh;mg; MaiJr:.130 BaiJ; .!iujun Chc'.ng: Kc'shuang '[;;1g 

2016 17th IEEE/ACIS Jr:.termtloml Conferettce orr Software Er:.gltteerlng. Artlfici3l foklligence. 

Networking and Paral:c':/Distrihutc'C: Computil,g (SNPD) 

Year: 2016 ! Conferettce Paper ! Publlsher: IEEE 

Lmsg nodule ch1.3;;fficatimi by the cnmhinatinn nf fushm da,sifie, aild tascaded tntmilutinnal 
nrurnl netwnrks 

l\.fa,;aham S3k;imoto: Eirnki Nik,;;10: KurrZh;m; Taro Sekiyama 

mm JEEE l.':ith lntcrmtieml Symp0sium on Hiorn<::dical la,ging (lSBJ }llJ8) 

Year: 2018 ! Corurn;nce P:ipu I Pttbld,er: IEEE 

Cited bT Papers ( 4) 

, .• Abstract HTMJ_, © 
Llmg nodule classification by the combination of fusion classifier and 
cascaded c:011....-olutional neural networks 

Masal:arn Sa1.arrwto: I-lirnki Nakano: Kun Zhac: Tarn Seliyarm 

2018 IEEE 15th In1errrafa;;1;;] Syrnposltll,l on Biomedical Imaging iTSBI 2018) 

Year: 2018 ! Corrfrren.x Pap;;r ! Pttbli:;bet: IEEE 

.---, Ikqi Cnosoiufomal Neural Ndwoi"k Atcdcrntor· i'<'aitufag Cnndiiinrrnl Comµuting am! Lnw 

External Memory Acce,s 

Minkyu K,n,: Jae-Sur:. Sea 

2020 IEEE Cus1crn Inkgrated Cirrnih C,,ttkrer:.c;; (CICC) 

Yem. 202C ! Cmlierence Paper I Publisher: lEEE 

Clted b,: Papers (5) I Paterrts i l) 

v Ahstr;;ct © 
Deep C01rvolmional Neural Netv,ork Accelerator Femuring Conditional 
Corn puling and Low External Memory Access 

t>.1inkyu Kii;1: Jae-Sun Sr:r; 

20!.0 lEEE (\mom Tnt~grat-:d Circ,,its Cer,fcnc:ir.c (C!C() 

Year: 2020 ! Confc.:J~ncc Pape! ! Publisher: IEEE 

Sepehr Ati!et: Poul Baby:1; Alireza Ahmodiarr; fayad Alll;;zale 

~~~~~~~~~~~~~~~ 

IEEE websites place cookies on your devit!'l'N~(give yoa the bes1: user expedence. By using om websites, 
.Yc:ir )(Pl : Co,1forc'.nc<:: Pruxr I PJJhfoh<::r: !,(.'EE 

you agree 1:o the p!acemen1: of 1:hese cookies. To learn more, rem1 our i-'nvacy i-'cmcyc 

' ., .. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.... ~ 

~ ~ 

l Ar:cept & Close l 
~ ....................................................................................................... 3 

https://ieeexplore.ieee.org/search/searchresultjsp?newsearch=true&queryText=cascaded computing for convolutional neural network 2/9 



IPR2025-01399 
CrowdStrike EX1002 Page 115

7/12/23, 9:55 AM IEEE Xplore Search Results 

v Ahstr;;ct HTMJ_, © 
Cascaded Leaming with Gem.:rnfrve Adversarial Netivorks for Low Dose 
CT Denoising 

S;;pebr Ataei; P:inl R,byn: Afa;;za Ahm:idian: .hvi!d /\lirezaie 

2021 °+3;-d Annual lnternatiuml Cmliercnce of tl1' lEEE Engi;ieeling ,n Med,c,nc & Bia logy 

S,>Ciety (ETV!BCi 

Year: 2021 ! Confc.:J~ncc Pape! ! Publisher: IEEE 

T,ffgd lktecfom Ba,ttl ,m Cascatk Nctwod, and Dtrrncly Cormedcd N1ctwnrk in Rrnmte Srn,ing 
Image 

Jihao V•/nng: Ym1gpfr1g V•/nng: Jianwu Dang, Li1~jing Wei 

2Gl8 IEEE 16th Inll Conf 0,1 Depet,di!bk An1onomtc alltl S;;c.;re Compufoig, l6fa fo1l CnrS 0,1 

Perrnsive Imdligence and Cnmputi;1g_ -,fa fall CnrS c,;1 Big Data btclligrnr:e and C0r;1puting and Cybcr 

Science :ind Technok,gy Cm,gm;siDASC/PiCorn/DataCotr;/CybetSciTech) 

Yem. 2018 I Cmliercnce Paper I Publisher: lEEE 

Cited bv: Papers (J) 

v Ahstr;;ct HTML © 
Target Detection Based on Cascade .Net.work and Densdy Connected 
Netwmk in Remme Sensing Jmage 

Jihao Wang; Yangping Wang; JiaEwu Da;ig: Li1*ng \Vei 

20 J 3 IEEE 16th Illtl Co,if orr Dependable, Atttmiomic and Secure C,H,ipn1irrg, 16th Irttl Co,if orr 

Pn-vasive btcllige;Kr: and C0r;1puhng, 4th lntl Cmif on B,g Data fal.dhgcnce and Computing 

alltl Cyber Scienc;; :md TechnolOf-'Y C,,trg;-e,;siDASC,'PiCorrl/DataCom/CyberSciTech} 

Year: 2018 i Conffl{:ncf Papf:r i Publishet: IEEE 

Cas,a(kd Cunvolufo.m,,l N..-i.iral Nctwud,, with P..-n,eptual l.oss for Low nos..-CT Ucrwi§lni; 

Sq_,ch:.-At,,d; Ja,,ad Al,rc.rnw; Paul Babyn 

hHO fntc'.rni:ti()n,1J .lo int Conference 0,1 Ne!:r3l Netv:orks (/.!CNN i 

Yc,,r !.lnl1 : Co:1fi:n,\K'C Papf:_· I Publi,hcr: IEEE 

Cited by- Papers (8) 

v Abstract HTML © 
Cascaded Convolutional Neurnl Networks with Perceptual Loss for Low 
Dose CT Denoising 

Sepehr Atael: .lavad A!jrezaje; Paul Babyn 

2n2n Irrternaliorcl foint Corrfuen.x on N;;nrnl Netw,Hb (IJCJ'{Ni 

Year: hHO : Conference Papc'.r : Publisher: JEEE 

Cnnsolt.1foma! l'frurn! Ndwni:-k ha,td Virtual Ei.am Cnntrn!kr 

K,,vjs,, G,::g; Kur,al Vcnr,a: Kuna] Pal.idar; Nik:,h "frjrn; J,:.u:.iaJ Pal.rd,:: 

2C20 4th fat,mahonal Con.t'-,rence on Intdligent Computing and Control Systems (ICICCS) 

Yc,,r !.lnl1 : Co:1fi:rrn,c Papf:_· I Publi,hcr: IEEE 

Cited by. Papr:t, (lll 

v Abslrnc1 HTML [§ © 
Convolutional Neural Network based Virtual Exam Cont.roller 

Kavish Garg; Kuria! \/('nna, Kllt:al i'atidar; Nitesll Tejra, Kunal Pahdar 

2n2n .:fa fokr:1z.tkH,al C,H,ference ,m It,telligent Cornptrting and Cnntrol Sys1ems (ICICCS) 

Yr:ar: 2020 ! Con.£r.-;-enc, i'apn· ! Pllblisllr:t: IEEE 

• ... , Drhcr As;;ist,w! Sy,t..-m using Haar Casc,,rk a.ml Cunvolution Nrn,-aJ Ndwot'l,;;;(CNJ'(> ~", 

~~~~ 
m l9 3rd lntcrnati0:1d C0:1ferc'.ace ca T,cnds in flectnmics ;;:1d lnfor:natics UCOEl) 

IEEE websites place cookies on your devi~:i\-0:?9!'<;e,Y@.{!iMWn~i$&1¾fHff'AA'l~IEi(H)AAEBY 1.ming om websites, 
' ., .. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.... ~ 

~ ~ 

l Ar:r:ept & Close l 
~ ....................................................................................................... 3 

https://ieeexplore.ieee.org/search/searchresult.jsp?newsearch=true&queryText=cascaded computing for convolutional neural network 3/9 



IPR2025-01399 
CrowdStrike EX1002 Page 116

7/12/23, 9:55 AM IEEE Xplore Search Results 

.• - Ahstrnct HTMJ_, © 
Driver Assistant System using Haar Cascade and Convolution _Neural 
NetworkstCNN) 

Adil-ya N:iir; Shoaib :V!anrnmi; Rajeey :V!cghe; Pi!yal sr~ih; Kll:lll Talele 

201'! 3rd Intr:matioml Confrhc'nc, on Trr:r:tls iEElectrmlicc; and Informatics (ICOEl) 

Year: 201 'l ! Corrfuen.x Paper ! Pttbfr;bet: IEEE 

,---, Haar Ca~c,,dr am1 Cmr,ol!nhmaJ N,~iual Netwu,·k ·Fact Uete[1ion in Client-Sirk fol" Clor1(l 
Cnmputing Fate Recngnitlnn 

Ro,;a Alldtie Arnii!ra: :V!1w~ir::rntad Rldwarr; G1m1w:;;1 Bttdiprase,yn 

2C2 l lnternainr::al Cnnfrrrnr:r: QE Electrical aml bfom1ati0E T,x·lmology (lElT) 

Ye:ir 2021 Cmifererrce Paper I Publlsher: IEEE 

v Ahstr::ct HTML © 
Haar Cascade and Convolutional Neural _Network Face Detection in 

Clicnt~Side fm Cloud Computing Face Recognition 

H."sa And:.1e Asmara: Mu<l,:mmad Ridwan; Gur,awan B,;.dipras?tyo 

2021 lnternatioml Cmliererice ori Ekcmc:al arid l;liorn1atiori Tr:dm0logy HEIT} 

Year: 2021 ! Confc.:J~ncc Pape! ! Publisher: IEEE 

,---, An lmpt'O'>ed Algorithm Ba~tr:l on Com·olutional NerH"a.i Ndwot'l,; for Smoke Ddectlfm 

Hang Yit:: Yim,r.g Wei 

201 'l IEEE In1errtatloml Co;ifererice'; c,;1 Ubiqulto,;;; Compt:!ing & Cott;munica1iorrs (IUCC) :;;id D:1t1 

Science :md Comp,.:.tatio,1::, JntelEgcnce (DSCl) :md Smar! Computi:1g. Nclwcrking :md Sc'.~vices 

!SmaitCNS, 

Yc:ir '.!lH9 : Co:1ferc'.nce Paper I P11blisher: ll.'EE 

Ci!cd by- Papers (l) 

v Abstract HTML ~ © ::._~ 

An Improved Algorithm Based on Convolutional Neural Network for 
Smoke Detection 

Hang Yin; Yuro:1g Wc'.i 

2019 IEEE Illtern:i1ioml CorueteJKes orr Ublquitous Compufoig & CnrrL.'lttwication,; (HJCC) artd 

Data Scie:1ce and Comp11lalioml ln!cJligc'.nce (DSC, and Smart C"mp11liag, Networking and 

Servi..:es {Srr.:.artCNS; 

Year: 2Jn 9 ! Conference-Paper ! Pub!js!1er: lEEE 

Srgmentafom ;,f fkain 1i.urwrn u§ir!,2_ tnuli!iomtl Multi,tak hilatl'.rnl C,m-volu!iomtl Neun1! 
Y'frtw,;rk, 

P Asha: Dr. B. Ankayarkaani: L K. Joshila Grace; Km. K:1::ti.hik: M. HemaEth Redc,y 

2023 Irttern:Hinr~il Cnnfrre;ice ,H; Sm.;;imble Computlt;g ,u;d D:H,; C,H,imunic:atk,tt Sy,;!rnl', (ICSCDS) 

Yc:ir '.!lL'3 Co:1ferc'.nce Paper I P11blisher ll.'EE 

.• - Ahstrnct HT.Ml. © 
Segmentation of Brain Tumors using traditional Jvlultiscale bilateral 

Convolutional Neural Networks 

P. Aslla: Dr. 3. ArJ...ayarkanni: L K_ fosh:.la Grace, Km. K,mthik: M_ }fr:r;1,mlhRxddv 

2023 Inkrrmfa,;1:;l Co;ifererice ori Sttstalllable Cott;p,;1irig arid Data Corntrn,ni,::Hion Systems 

(ICSCDS) 

Year: 2023 ! Conferrnc:e Paper ! Publlsher: IEEE 

. ___ , Ddectlfm of Rt,,l Tlrm~ f',,ce Mask u,ing Co,nolutional Neurnl Network ~", 

•• ::wn 9th J:itf:r,at,onaJ ConJ"'rer:,'.<' "n Ekctri.cal Er,grr.y Syster:1s (JCEES) 

IEEE websites place cookies on your devi~:i\-O:!OW.,W,Y@,{!iAfWn~i$&1¾fHff•AA'l~!Ei(H)AAEBY 1.ming om websites, 

you agree to the p!acemen1: of 1:hese cookies, To learn more, rem:t_,9m P©rivacy Po!k:y" 
v Abstr:;ct HTML f§ C 

....... ~ 

' ., .. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.... ~ 

~ ~ 

l Ar:r:ept & Close l 
~ ....................................................................................................... 3 

https://ieeexplore.ieee.org/search/searchresultjsp?newsearch=true&queryText=cascaded computing for convolutional neural network 4/9 



IPR2025-01399 
CrowdStrike EX1002 Page 117

7/12/23, 9:55 AM IEEE Xplore Search Results 

Detection of Real Time Face Jvfask l1sing Convolutiom1l Nemal Netvrnrk 

.N kyap:ak,,sh: Lkvi M NivcthiHrn: A V1gne;sh: L \iign?,h; TD Sudhakar 

}023 9th l:1te:ra0tional Conferer:_ce or:_E!e-ctricaJ E:ne-rgy Systea1s (JCEES} 

Year: ?023 : Confr:.l:\K'c' Papn : Publ.isher: JEE.E 

r···, Brain 'fomu,· S1cgmenuiiu,t U,h1,2, Multi-Cascatkd C,m-volu!iomtl Ncun1! 
Networks and Cum!ltlorrnl Ramfom ·Fiel(l 

Kai Hu: Qinghai Gan: YuaaZh:mg: S:11ih11a Deng: Fen Xiao: Wei Hi,;,1:g: 
:::·"• §l!l!l 

Clmnhcag Cac; Xlepl11g Gao 

IEEE flcGc'SS 
Ill @Y···• m rn .. If 

,:;-Ill ~ g 

Year 2019 ! Volttme: 7 I Journal Aliicle I Pttbkkr: IEEE 

Cited hy: Pap<::rs (98) 

v Abstrnct HTMl. ~ • ::. .... ~ 

Brntn Tunwr Segmentation Using I\,Juhi-Cascaded Convolutional Neural 
Networks and Conditional Random Field 

Kai I-Ju; Qlngh;1i Gan; Ymn Zhallg; Shulttta Derrg: Fer:.Xiao; Wei Hua,.'lg; ChtElhong Cao: 

XiepingGa0 

IEEE Acces,; 

.!m1mal A1iicle ! Puh,iskr: F'F>' 

.... ;; • ·• 11 ~ 
t.fm;':ya m~L­

;:HII ~§ 

Nfolti-Task Cascaded Cmi-vnlu!ional Neii1·2l Netw.;rk, (MTCNNJ based Driver Drnwsine,s 

Ddecfom 

K. Kalyal; Snr~i,;: M. Syam Plalu,;lt; Y Venk:lk,;lt: P Tv1adltavl La1.hz. 

hH3 ;th l:1tc':r.,1tional Confor<::r:.cc on Comp,.:.ti,1g Methoc,oJcgim :md Comrnunicatio,1 (lCCMC) 

Year: 2023 Coafelence Papu I Pttbld;er: IEEE 

v Abstract HTML ~ © ::. .... ~ 

~folti-Task Cascaded Convolutional Neural Net'vVOrks (fviTCNN) based 
Driver Drmvsiness Detection 

K. Kalyaa Sttbi!s; 1\1. S,a,l Prakash; Y Vrnkatesh; P l\-fadr~ivi L,Hkl 

202.< 71.h foler:1::tkH;al C,H;ferer:.ce ,m Cnmputl11g Metbodnlogles and Comrntwlcatlon (ICC:V!Ci 

Y<::ar: hH3 : Conference Papc'.r : Publish<::r: JEEE 

•,,,~ 
l'anrrea, Stgmmtatimi in Abdominal CT §.:an, u;;io'ig lmu-ihitrn-Slite CmJU~i;tuaJ fofo!'ma.Hon 

Zhengz.heng Ya~!g: Lel Zh:3.ng; Y\·ll~! Zh:3.ng; Jun F'i~-:!3g: Zh~!3g V./~:: Fenggang Ren; ~Yl LY 

2019 41st Ammal lr:.te;r;:ational Corlierrnc" of the lEEE E;;girnx;irig iE Mcdic:ine and Biology Soc:icty 

(EMBC} 

Yem. 201'! ! Cmrlercnce Pape;r I Publisher: lEEE 

Clted b,: Papers (2) 

v Ahstri!ct HTML © 
Pancreas Segmentation in Abdominal CT Scans using Inter-/lntrn-Slice 
Conlntual Information with a Cascade Nemal Netwmk 

Zhengzheng Y2.11g, Lei Zhnng: lY1i11 Zhnng: Jlu1 Feng; Zheng \Vt:., F~;nggang R~;n: Yi Lv 

20 J 9 41st Alu;,;al Iaternatinn;1J Cmferel;ce of 1he IEEE E;igineerirtg l?l Medldl;e alltl Blology 

Snciet-v ,Et..rnc, 

~~~'ffl-~~~~~~~ 
IEEE websites place cookies on your device to give yoa the bes1: user expedence. By us~ng om websites, i "--------------------------------i 

··········1···Ar:ecept & C!o$t>···f •• 
you agree 1:o the p!acemen1: of 1:hese cookies. To learn more, read om Privacy Po!k:y" i , 

:·--, CNF->-CT; Context Nctw,wk Fu;;ion of C~;;cade-cfraim:d Con-volutiunal Ncurnl .Networks fof'""""""' ' 
..._ __ ., 

https://ieeexplore.ieee.org/search/searchresultjsp?newsearch=true&queryText=cascaded computing for convolutional neural network 5/9 



IPR2025-01399 
CrowdStrike EX1002 Page 118

7/12/23, 9:55 AM IEEE Xplore Search Results 

lmage Suµer-Re~ulution 

Haoyu Ren; Most;;fa El•Khnmy; J,,ng,.voE Lee 

IEEE Transactinr~; on Computatloml Irnaglt;g 

Year nnn : Volume: 1; I kmrnal Aiiicle I Publisher: lEFE 

Cikd by Papel', 0) 

v Abstract HTML ~ © ::._~ 

CN F+CT: Context Network Fusion of Cascade-Trained Convolutional 
Neural Networks for Image Super-Resolution 

Haoyu Ren; ~,1ost:ifa fl•Kh,1ruy: Jungwo,1 Lee 

IEEE Trartsacticrrs on Computatloml Imaglt;g 

Year: hHO : Voh,me: ii ! Jm1rnal Aiiicle ! Puh!iskr: F'F>' 

C! Casrn,k,l rnai"Sl'.-io-fim: rnr1vnlutinnal neunll r1dwor'ks l:';H" prdrnnlial dfosinn lotali..:aiiort ;md 
,egmentation mi CT M:mE 

forrnlli Liu; fo;,'.ltettg Cal; KEfalk Chellatrn,lhu; l\1ohzrntEadhatll Bagkti: Ls; Lu; Rm;ald T,1. Summer;; 

2018 IEEE 15th lnternaticual Sympnsium on l:hon;r:tlical lmag,ng (ISBI W 18} 

Year: 2018 ! Confet;;nce P:ipu I Pttbld;er: IEEE 

Cited by: Papers (6) 

, .• Abstract HTMJ_, © 
Cascaded coarse-to-fine convolutional neural net'vVOrks for pericardia! 
effusion localization and segrnentalion on CT scans 

Jiarnl,l Utt; fo1,'.het;g Cal; Kmthlk Cltellat,mlhu; l\1oharm,iatlbi!tli Bagheti; Ls; Ltt; 

Rnnald i'1L SurnElGS 

20 J 3 IEEE 15th Illtern:ilicnal S,mpcsium Oll BkH,lcdical Irnaglllg (ISBI 2013) 

Year: 2Cl8 I Con:lerrnc:e Paper I i'ublisher: IEEE 

Rfa1kirtg E.w, lktecfom using C,mvoluiiortal Neunll Netmn-k on Vhk.i Data 

F. LvL .S:gjt: f.i,}v!. Yun:t::r~_o: rtF. Hach1~-1.acU: A. Z.ai.nl 

2WO 3rd Jntern:;tionzJ Coafere,1ce 0,1 Jnfom13ti01, afa: Comm,;nic3ti,n,s Techrn:,logy (lCOfACT) 

Year. 202() ! Coafrrnnce P,,pe: I Publisher: lEEE 

Cited hy: P3pers ( J ) 

v Abstri!ct HTML © 
Blinking Eyes Detection using Ccmvolutional Neural Network on Video 
Data 

F. M_ Sigit: E.M. Yu:1rnrno: R.F. Rar.h:nadi: A_ Zaim 

20'.!0 3rd lnternntional Conference on Jnformatio,1 ;;,1d Comm,rnkatio,1;; Tedmo!ogy (lCOJACT) 

Year: ?WO ! Confr,enc;e; Paper ! Pub!is<ler: lEEE 

Detettinn nf Piil Defects in Aerial Image, Based on Cascaded Cnnvnll!iimrnl 
Neurnl Network 

Ye;vc'.i Xiao: Zhiqi:mg Li; Doagb0 Zh,1rrg; Li0.r.wei Teng 

IEEE Acc:e,;s 

Year :wn : Volume: 9 I kmrnal Aiiicle I Publisher: lEFE 

Cikd by Papel', l"') 

v Abstract HTML ~ ((~_:' .. , ::.~ .... 
Detection of Pin Defects in Aerial Tmages Based on Cascaded 
Convolutional Neural Network 

Yewei Xi;;o; Zhiqiang Li: Dongbo Zh;mg; Li0awei Teng 

IEEE Acces;; 

'(:'--'~'>;··- ----:;;:c::_, __ 
IEEE websites place cookies on your de·,m=:e,te:'f_li>J~f,Y~lFthe bes1: user expedence. By 1..ming om websites, 

::t:·::·-=~~~~-·~~--::.···: ,: .. 
you agree 1:o the p!acemen1: of 1:hese c9.9~i~iJ{j)p.arn more, read om Privacy Po!k:yc 

' .,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.. ~ 

~ ~ 

l Ar:cept & Close l 
~ ....................................................................................................... 3 

• •• • _:~--.--: .... '.: .. : ..;.x":! -:.-. .. :. 

https://ieeexplore.ieee.org/search/searchresult.jsp?newsearch=true&queryText=cascaded computing for convolutional neural network 6/9 



IPR2025-01399 
CrowdStrike EX1002 Page 119

7/12/23, 9:55 AM IEEE Xplore Search Results 

1''2.dai l'~m;;fam R;;cvgtiitimi <3f Student$ u5ing C;mn,lutivnal Nein-al Netw,;rk 

IlEalle L:i,;li; Art,>lllit Rii!d Solll: TvfolE"ad El Belkacernl 

::W; 9 Third lr.ten,aticm;;J Conference on lntcJJigent C,n,1p1itiag iE Di:ti! Sci,mcc's (/CDS} 

Year 2019 ! Cm1fererrce Paper I Publlsher: IEEE 

Cited hy: Papers(}}) I Patc'.nts ( l) 

v Abstrnct HT.Ml. ~ © ::. .... ~ 

Facial Emotion Recognition of Students using Con11c;lutkmal Neural 
Netv,ork 

Ilr;,u;e LNi; AllO.:ill Ri:id Solll: Mm,rad El Belki!ceml 

20 J 9 Thin, latc'.rnah1n;iJ C,1nfrreECc'. on Intelligent C0rnp11ting i,1 Di:ti! Science's HCDS) 

Year: 2019 ! Confereace Paper ! Publlsher: IEEE 

lmagic~domain material tlernmpvsiti,m for sit1gle-energy CT image, u,irsg ca,rntlicd netwt.rk 

YiZhmr:c; Wang; Zlli\Vei Frng: XiaoI-lmm Yu: Lr:i L,, Bi;1 Yan 

7.W: lntcr:Jatior,al (\mfcnc:Jr.c 01, A:J,fkial lntcfageiKc ar,d Ekctroim,diaaka:. A.utem,,tirm (A/EA) 

Yem. 2021 ! Cmliercnce Paper I Publisher: lEEE 

Citd by. Papers U) 

v Ahstri!ct HTML ~ ::._~ © 
Image-domain material decomposition for single~energy CT images using 
cascaded network 

YiZho;1g Wang; ZhiWe, Frng; Xiael-kar:. Yu: Lr:i Li; Bin Yau 

20!1 lntcrnatie:1,,l Ce:1fi:n,:Ke rm A.itifkial TnteHigelK<' a:id EJcctromediani,'.a: Autemation 

(AlEA, 

Year: ?02:. : Cenfr:.·e1Kc Papn : Pub:isher: JEE.E 

[ .. i Cvm,ult.1tfrmal Nt1H"al Nf!wol"k for Coopernth'<c Spectmm Sen,h'ig wiih Spatio-l<cmpnn,J Dafasf! ~"> 
P. Shzchi; K.R. SmJhindri!; M.N. S,,ma 

2G2C> Irttern,Hinr~il Cnnferc;ice ,H; A;iifid:il Illtelligell'x ,u;d Sigrral Proce';sirtg (AISP, 

Year '.!lL'O : Co,1ferc'.nce Paper I P11blisher: lt'EE 

Ci1ed by Papel', (5) 

v Abstract HTML ~ © ::.~ 
Convolutional Neural Network for Cooperative Specintm Sensing ·w1th 
Spatio-Temporal Dataset 

P. Shadli: K.R. Sutlllindra, M.N. Smna 

2n2n Irrtern:ilicrcl Ccnfele11ce 0;1 Aitlficial Illtelligence ,;;1d Sigllal Proce,;slllg (/,ISP) 

Yr:ar: 2020 ! ConJ,tenc, i'ap-,r ! Publisiler: IEEE 

8 9 IO Next 

IEEE websites place cookies on your device to give yoa the bes1: user expedence. By using om websites, 

you agree 1:o the p!acemen1: of 1:hese cookies. To learn more, read om Privacy Po Hey. 

' ., .. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.... ~ 

~ ~ 

l Ar:cept & Close l 
~ ....................................................................................................... 3 

https://ieeexplore.ieee.org/search/searchresult.jsp?newsearch=true&queryText=cascaded computing for convolutional neural network 7/9 



IPR2025-01399 
CrowdStrike EX1002 Page 120

7/12/23, 9:55 AM 

CHANGE 

USERNAt\iE/PASS WORD 

:::: ...... , .. 

VIEW PURCHASED 

DOCUMENTS 

IEEE Xplore Search Results 

COMJ,1:JNlCATlONS 

PREFERENCl'S 

PROFESSION AND 

EDUCATlON 

TECHNICAL INTERESTS 

US & CANADA: -cl SOO 

ViORLD\VIDE -fl 7_<2 

981 0060 

CONTACT & SUPPORT 

:-·,:•,•.,•,•· .. ·· 

Abou! lEEE .. i},/ore : Con!ac! ,J s I Hdp I Ar:ccs,ibility Tr:nns of U Sf I Nondisnirnir:ation Policy IEEE Ethics Rqiorti;ig ~ Sitrniap I lEEE i'rirncy Policy 

you agree to the p!acemen1: of 1:hese cookies, To learn more, read om Privacy Po!k:y" 

' ., .. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.... ~ 

~ ~ 

l Ar:cept & Close l 
~ ....................................................................................................... 3 

https://ieeexplore.ieee.org/search/searchresult.jsp?newsearch=true&queryText=cascaded computing for convolutional neural network 8/9 



IPR2025-01399 
CrowdStrike EX1002 Page 121

7/12/23, 9:55 AM IEEE Xplore Search Results 

,, T':.,yrnc,nl Options 

» US & Canada: +J 80:.> 673 43::;, 

IEEE websites place cookies on your device to give yoa the bes1: user expedence. By using om websites, 

you agree 1:o the p!acemen1: of 1:hese cookies. To learn more, read om Privacy Po Heye 

' ., .. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.... ~ 

~ ~ 

l Ar:r:ept & Close l 
~ ....................................................................................................... 3 

https://ieeexplore.ieee.org/search/searchresult.jsp?newsearch=true&queryText=cascaded computing for convolutional neural network 9/9 



IPR2025-01399 
CrowdStrike EX1002 Page 122

Bibliographic Data 

Application No: 18/154,727 

Foreign Priority claimed: 0 Yes @ No 

35 USC 119 (a-d) conditions met: 0Yes ~No 

Verified and Acknowledged: l~IX_I_L_IN __ G_U_O_/ ____ ~ 
Examiner's Signature 

D Met After Allowance 

Initials 

Title: CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL 
NETWORKS 

FILING or 371(c) DATE 

01/13/2023 

RULE 

APPLICANTS 

INVENTORS 

CLASS 

706 

Jae-sun Seo, Tempe, AZ, UNITED STATES 

Minkyu Kim, Chandler, AZ, UNITED STATES 

CONTINUING DATA 

GROUP ART UNIT 

2616 

This application is a CON of 16335775 03/22/2019 PAT 11556779 

16335775 is a 371 of PCT/US2017 /052736 09/21/2017 

PCT/US2017 /052736 has PRO of 62399753 09/26/2016 

FOREIGN APPLICATIONS 

IF REQUIRED, FOREIGN LICENSE GRANTED** 

02/22/2023 

** MICRO ENTITY** 

STATE OR COUNTRY 

UNITED STATES 

ADDRESS 

FILING FEE RECEIVED 

$396 

ATTORNEY DOCKET NO. 



IPR2025-01399 
CrowdStrike EX1002 Page 123

PE2E SEARCH - Search History {Prior Art) 

Ref# Hits 

L123 298 

L124 6 

L125 4 

L127 1896 

L128 6 

L129 3 

L130 258401 

L131 147 

L132 118 

L133 81 

L134 388 

L135 199 

07/17/2023 01:42:17 PM 
VVorkspace: 18154727 

$earch Query DBs 

(SEO near2 (US-PGPUB; USPAT; 
JAE$1 SUN).in. (KIM USOCR; FPRS; EPO; 
near2 MINKYU).in. JPO; DERWENT; 

IBM_TDB) 

L 123 AND (most ADJ (US-PGPUB; USPAT; 
significant ADJ USOCR; FPRS; EPO; 
bit$1 ).elm. JPO; DERWENT; 

IBM_TDB) 

L 124 AND (neural (US-PGPUB; USPAT; 
near2 network$1 ).elm. USOCR; FPRS; EPO; 

JPO; DERWENT; 
IBM_TDB) 

((ARIZONA near2 (US-PGPUB; USPAT; 
BOARD near2 USOCR; FPRS; EPO; 
REGENTS) WITH JPO; DERWENT; 
(ARIZONA near2 IBM_TDB) 
STATE near2 
UNIVERSITY)).as. 

L 127 AND (most ADJ (US-PGPUB; USPAT; 
significant ADJ USOCR; FPRS; EPO; 
bit$1 ).elm. JPO; DERWENT; 

IBM_TDB) 

L 128 AND (neural (US-PGPUB; USPAT; 
near2 network$1 ).elm. USOCR; FPRS; EPO; 

JPO; DERWENT; 
IBM_TDB) 

(G06F7/48 G06N3/0454 (US-PGPUB; USPAT; 
G06N3/08).CPC. USOCR; FPRS; EPO; 

JPO; DERWENT; 
IBM_TDB) 

L 130 AND (comput$3 (US-PGPUB; USPAT; 
WITH ((most ADJ USOCR; FPRS; EPO; 
significant ADJ bit$1) JPO; DERWENT; 
MSB$1)) IBM_TDB) 

L 131 AND (neural (US-PGPUB; USPAT; 
near2 network$1) USOCR; FPRS; EPO; 

JPO; DERWENT; 
IBM_TDB) 

L 132 AND precision (US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

(neural near2 (US-PGPUB; USPAT; 
network$1) AND USOCR; FPRS; EPO; 
(comput$3 WITH ((most JPO; DERWENT; 
ADJ significant ADJ IBM_TDB) 
bit$1) MSB$1 )) 

L 134 AND ( (G06N3/08 (US-PGPUB; USPAT; 
OR G06N3/0454 OR USOCR; FPRS; EPO; 

Default Plurals 
Pperator 
OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

OR ON 

British rl"ime Stamp 
Equivalents 
ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

2023/07/11 
09:44 AM 

2023/07/11 
09:44 AM 

2023/07/11 
10:10 AM 

2023/07/11 
10:27 AM 

2023/07/11 
10:28 AM 

2023/07/11 
10:28 AM 

2023/07/11 
10:29 AM 

2023/07/11 
10:29 AM 

2023/07/11 
10:29 AM 

2023/07/11 
10:30 AM 

2023/07/11 
10:30 AM 

2023/07/11 
10:30 AM 

Page 1 of 6 
XG 



IPR2025-01399 
CrowdStrike EX1002 Page 124

L137 159 

L138 9877 

L139 1168 

L140 316 

07/17/2023 01:42:17 PM 
VVorkspace: 18154727 

G06N3/084 OR 
G06N3/0445 OR 
G06N3/04 72 OR 
G06F9/30036 OR 
G06F9/30014 OR 
G06F2207 /4824 OR 
G06F9/3818 OR 
G06F9/30149 OR 
G06F9/325 OR 
G06F9/38 OR 
G06F9/30018 OR 
G06F9/30065 OR 
G06F7 /506 OR 
G06F9/30185 OR 
G06F7/02 OR 
G06F7 /727) .cpc.) 

L 135 AND precision 

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

L 138 AND ( 
(G06F7 /483 OR 
G06F9/30036 OR 
G06F9/30014 OR 
G06F9/3001 OR 
G06F1 7 /16 OR 
G06F9/3885 OR 
G06F9/3016 OR 
G06F9/30112 OR 
G06F9/30018 OR 
G06F5/012 OR 
G06F21/64 OR 
G06F7 /544 OR 
G06F7 /722 OR 
G06F7/74 OR 
G06F7/49915 OR 
G06F9/30025 OR 
G06F2207 /4824 OR 
G06F9/30007 OR 
G06F9/3824 OR 
G06F12/0284 OR 
G06F12/0292 OR 
G06F16/2255 OR 
G06F7 /607 OR 
G06F2207 /5355 OR 
G06F9/30065 OR 
G06N3/0454 OR 
G06N3/084).cpc.) 

L 139 AND ((neural 
near2 network$1) 
((machine deep) near2 
learn$3)) 

JPO; DERWENT; 
IBM_TDB) 

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

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

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

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

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 

Page2of 6 
XG 



IPR2025-01399 
CrowdStrike EX1002 Page 125

L141 156 

L142 61 

L143 151751 

L144 296 

L145 208 

L146 144 

L147 97 

L148 2325 

L149 1129 

L150 1027 

L151 13 

L152 24 

L153 4917 

L154 332 

07/17/2023 01:42:17 PM 
VVorkspace: 18154727 

L 140 AND (maximum 
near3(value$1 
result$1 )) 

L 141 AND (propagat$3 
WITH layer$1) 

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

L 143 AND ((comput$3 
calculat$3) WITH 
((most ADJ significant 
ADJ bit$1) MSB$1)) 

L 144 AND precision 

L 145 AND propagat$3 

L 143 SAME ((most ADJ 
significant ADJ bit$1) 
MSB$1) 

L 143 AND ((most ADJ 
significant ADJ bit$1) 
MSB$1) 

L 148 AND propagat$3 
AND precision 

L 149 AND ((comput$3 
calculat$3) nears 
(value$1 result$1)) 

L 150 AND (((most ADJ 
significant ADJ bit$1) 
MSB$1) WITH (data 
near2 set$1 )) 

L 150 AND (((most ADJ 
significant ADJ bit$1) 
MSB$1) SAME (data 
near2 set$1 )) 

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

L 153 AND ((neural 
near2 network$1) 

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

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

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

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

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

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

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

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

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

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

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

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

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

(US-PGPUB; USPAT; OR 
USOCR; FPRS; EPO; 

ON ON 

ON ON 

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 
10:33 AM 

2023/07/11 
10:33 AM 

2023/07/11 
10:33 AM 

2023/07/11 
10:33 AM 

2023/07/11 
10:34 AM 

2023/07/11 
10:34 AM 

2023/07/11 
10:35 AM 

2023/07/11 
10:36 AM 

2023/07/11 
10:36 AM 

2023/07/11 
10:37 AM 

2023/07/11 
10:37 AM 

2023/07/11 
10:38 AM 

2023/07/11 
10:38 AM 

2023/07/11 
10:39 AM 

Page 3of 6 
XG 



IPR2025-01399 
CrowdStrike EX1002 Page 126

L155 36 

L156 323 

L157 25 

L158 3444 

L159 240 

L160 125 

L162 68 

L163 911 

L164 36 

L165 1650 

L166 828 

L167 547 

07/17/2023 01:42:17 PM 
VVorkspace: 18154727 

((machine deep) near2 
learn$3)) 

L 154 AND ((most ADJ 
significant ADJ bit$1) 
MSB$1) AND 
(maximum 
near3(value$1 result$1 
number)) 

L 154 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) 

L 158 AND ((neural 
near2 network$1) 
((machine deep) near2 
learn$3)) 

L 159 AND precision 

L 160 AND propagat$3 

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

L 163 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)) 

L 165 AND ((neural 
near2 network$1) 
((machine deep) near2 
learn$3)) 

L 166 AND (propagat$3 
WITH layer$1) 

JPO; DERWENT; 
IBM_TDB) 

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

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

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

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

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

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

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

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

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

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

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

(US-PGPUB; USPAT; OR ON 
USOCR; FPRS; EPO; 
JPO; DERWENT; 

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 

Page4of 6 
XG 



IPR2025-01399 
CrowdStrike EX1002 Page 127

L168 3 

L170 3 

L171 34 

L172 30264 

L173 5340 

L174 547 

L175 83 

L177 2933 

L178 789 

L179 3 

L180 540 

L181 536 

L182 9 

07/17/2023 01:42:17 PM 
VVorkspace: 18154727 

L 167 AND (((most ADJ 
significant ADJ bit$1) 
MSB$1) SAME (data 
near2 set$1 )) 

L 163 AND L 167 

L 167 AND (determin$3 
nears (maximum near3 
value$1)) 

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

L 172 AND ((comput$3 
calculat$3) SAME 
((most ADJ significant 
ADJ bit$1) MSB$1)) 

L 173 AND ((neural 
near2 network$1) 
((machine deep) near2 
learn$3)) 

L 174 AND (propagat$3 
WITH layer$1) 

((precision accurary) 
near2 (comput$3 
computation)) AND 
((neural near2 
network$1) ((machine 
deep) near2 learn$3)) 

L 177 AND (propagat$3 
WITH layer$1) 

L 178 AND (((most ADJ 
significant ADJ bit$1) 
MSB$1) WITH 
((image$1 data) near2 
set$1 )) 

L 178 AND ((most ADJ 
significant ADJ bit$1) 
MSB$1) 

L 180 AND ((image$1 
data) near2 set$1) 

L 181 AND ((comput$3 
calculat$3) WITH 

IBM_TDB) 

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

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

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

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

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

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

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

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

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

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

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

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

(US-PGPUB; USPAT; OR ON 
USOCR; FPRS; EPO; 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

2023/07/11 
03:43 PM 

2023/07/11 
03:44 PM 

2023/07/11 
03:46 PM 

2023/07/12 
09:35 AM 

2023/07/12 
09:35 AM 

2023/07/12 
09:36 AM 

2023/07/12 
09:36 AM 

2023/07/12 
09:39 AM 

2023/07/12 
09:40 AM 

2023/07/12 
09:40 AM 

2023/07/12 
09:40 AM 

2023/07/12 
09:41 AM 

2023/07/12 
09:42 AM 

Page Sof 6 
XG 



IPR2025-01399 
CrowdStrike EX1002 Page 128

((most ADJ significant JPO; DERWENT; 
ADJ bit$1) MSB$1)) IBM_TDB) 

L183 9 L 180 AND ((comput$3 (US-PGPUB; USPAT; 
calculat$3) WITH USOCR; FPRS; EPO; 
((most ADJ significant JPO; DERWENT; 
ADJ bit$1) MSB$1)) IBM_TDB) 

L185 21051 (propagat$3 WITH (US-PGPUB; USPAT; 
layer$1) AND ((neural USOCR; FPRS; EPO; 
near2 network$1) JPO; DERWENT; 
((machine deep) near2 IBM_TDB) 
learn$3)) 

L186 972 L 185 AND ((most ADJ (US-PGPUB; USPAT; 
significant ADJ bit$1) USOCR; FPRS; EPO; 
MSB$1) JPO; DERWENT; 

IBM_TDB) 

L187 11 L 186 AND (((most ADJ (US-PGPUB; USPAT; 
significant ADJ bit$1) USOCR; FPRS; EPO; 
MSB$1) WITH (data JPO; DERWENT; 
near2 set$1 )) IBM_TDB) 

L188 897 L 186 AND ((comput$3 (US-PGPUB; USPAT; 
calculat$3) nears USOCR; FPRS; EPO; 
(value$1 result$1)) JPO; DERWENT; 

IBM_TDB) 

L189 536 L 188 AND ((precision (US-PGPUB; USPAT; 
accurary) near2 USOCR; FPRS; EPO; 
(comput$3 JPO; DERWENT; 
computation)) IBM_TDB) 

L190 106 L 189 AND (maximum (US-PGPUB; USPAT; 
near3(value$1 USOCR; FPRS; EPO; 
result$1 )) JPO; DERWENT; 

IBM_TDB) 

L191 145 (((precision accurary) (US-PGPUB; USPAT; 
near2 (comput$3 USOCR; FPRS; EPO; 
computation)) SAME JPO; DERWENT; 
(maximum IBM_TDB) 
near3(value$1 
result$1 ))) 

L192 8 L 191 AND ((comput$3 (US-PGPUB; USPAT; 
calculat$3) SAME USOCR; FPRS; EPO; 
((most ADJ significant JPO; DERWENT; 
ADJ bit$1) MSB$1)) IBM_TDB) 

L194 9 L 191 AND ((most ADJ (US-PGPUB; USPAT; 
significant ADJ bit$1) USOCR; FPRS; EPO; 
MSB$1) JPO; DERWENT; 

IBM_TDB) 

PE2E SEARCH - Search History (Interference) 

There are no Interference searches to show. 
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7/12/23, 9:53 AM compute a value based on a set of most significant. .. - Google Scholar 

tv1inimum signed digit approxirnation for faster-and more efficient convolutiona.l neural 
network computation on embedded devices 

... and only the most significant bit (MSB) to approximate the ... activations are computed and 
forwarded to the next layer. The ... only the nonzero bits in the mantissa group are considered for ... * Save mJ Gile Cited by 4 Reiated aitcles 

An efficient bit-flip msilienct'j optimization method for deep neural networks 

... energy efficiency and faster computation 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, ... * Save !JQ c,te Cited by 40 Relcited w-tic,es All 3 versions 

ERDNN: Error-resilient deep neural networks with a new error correction !ayer and 
p1t'jCe-vl1se rectified linear unit 

... , thus observing that errors in most significant bit (MSB) ... , resulting in a significant reduction 
of computation complexity in ... Based on empirical results we set the value of a as [a1 = 0.5,a2 ... * Save !JQ c,te Cited by 9 Re,ated art,cles Aii 3 versions ~~ 

ISAL\C: A convolutional neural network accelerator with in-situ analog ariU1metic in 
crossbars 

... Thus, one IMA can process the 8 most significant bits of the ... an MSB of 0, the ADC size 
requirement is lowered by one bit. ... Similarly, based on our benchmark behaviors, we estimate that ... * Save !JQ Cite Cited by 1734 Related articles All 12 versions 

Deep convolutional neural network accelerator featuring conditional computing and lmv 
external mernory access 

... with only the most significant bits (MSBs) are performed first. ... a deep convolutional neural 
network includes pooling layers ... the computation time of convolution operation on MSB group ... * Save !JQ Cite Cited by 5 Reiated articles Aii 4 versions 

On-chip learning of a domain-vvall-synapse-cmssbar-array-based convolutiona! neural 
network 

... 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 gg Cite Cited by 4 Reiated articles ~t, 

Predictive multitask deep neural network models for ADME-Tox properties: learning from 
large data sets 

... are computed for every data set and feed into the input layers, ... An algorithm is used to 
compute bits describing one feature, ... The most important HPs can be classified as network ... * Save gg Cite Cited by ·142 Related aiiicles All 4 versions ~t, 

Mosab-CNN: ;\ combined h.rvo--step zero prediction approach to trade off accuracy and 
computation energy in convo!utiona.l neural networks 

... a most significant bits (MSBs) only computation scheme, ... using ILSVRC2012 validation 
data set image inputs (50,000 images) in the layout level including parasitic capacitances using ... * Save mJ Cite Cited by 2': Related articies A.II 3 vei-sions 
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7/12/23, 9:53 AM compute a value based on a set of most significant. .. - Google Scholar 

Efficient Mitchell's appmximate log rnultipliers for convo!utiona! neural networks 

... One distinction to make in neural network computation is the ... is given by the most significant 
bit (MSB). Thus, if X ! 0 the ... We can see that using more significant bits with w = 8 results in ... * Save mJ Cl!e Cited by ·100 Related articles All 5 versio:1s 

An energy-efficient deep convolutional neural network accelerator featuring conditional 
computing and low external menmry access 

... been demonstrated for large-scale data sets such as lmageNet. ... Based on this approximate 
convolution, if we can find the ... We only use 2 bits of zero sparsity map data for the MSB and ... * Save mJ Cl!e Cited by ·1 O Related article~, /l.11 6 versions 

https://scholar.g oogle. com/sch olar?hl=en&as _ sdt=0%2C4 7 &q =compute+a +valu e+based+on +a +set+of+most+sig nificant+bits+%28MSBs %29+for+a +... 2/2 
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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 

N11 65879 

N12 55 

N13 16 

N14 3 

N15 7 

N16 3 

N17 18 

N18 7 

N19 4 

N20 3 

07/17/2023 01 :46:37 PM 
VVorkspace: 18154727 

~earch Query DBs 

(G06N3/08 G06N3/045 (US-PGPUB; USPAT) 
G06F7/48 
G06N3/0464).CPC. 

N11 AND ((comput$3 (US-PGPUB; USPAT) 
calculat$3) SAME 
((most ADJ significant 
ADJ bit$1) 
MSB$1)).clm. 

N12 AND ( layer$1 (US-PGPUB; USPAT) 
WITH (neural near2 
network$1) ).elm. 

N13 AND (precision (US-PGPUB; USPAT) 
near2 (comput$3 
computation)).clm. 

N11 AND ( (precision (US-PGPUB; USPAT) 
near2 (comput$3 
computation)) SAME ( 
layer$1 WITH (neural 
near2 network$1) 
)).elm. 

N15 AND ((most ADJ (US-PGPUB; USPAT) 
significant ADJ bit$1) 
MSB$1).clm. 

N11 AND (((comput$3 (US-PGPUB; USPAT) 
calculat$3) nears 
(value$1 result$1)) 
SAME ((most ADJ 
significant ADJ bit$1) 
MSB$1)).clm. 

N17 AND ( layer$1 (US-PGPUB; USPAT) 
WITH (neural near2 
network$1) ).elm. 

N18 AND (maximum (US-PGPUB; USPAT) 
near3(value$1 
result$1)).clm. 

N19 AND ((precision (US-PGPUB; USPAT) 
accurary) near2 
(comput$3 
computation)).clm. 
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Receipt date: 05/15/2023 18/154,727 - GAU: 2616 

Attorney Docket No.: 22193-0137002 / Ml6-l80P-US2-b 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor : 
Application No. 
Filed 
Title 

Jae-sun Seo Art Unit 2616 
l 8/l 54,727 Examiner Xilin Guo 
January 13, 2023 Conf No. 4440 
CASCADED COMPUTING FOR CONVOLUTIONAL N-:ElJR.AL 
NETWORKS 

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

INF'OR1\1ATION DISCLOSURE STATEMENT 

Please consider the documents listed on the disclosure fom1 submitted with this 

statement. Copies of the documents are being submitted with this statement to the extent 

required under 37 C.F.R. § l .98(a)(2). 

This application relies on the earlier filing date of application number l 6i335,775, filed 

on 1farch 22, 20! 9. Under 37 CFR § l .98 (a)(2) and 37 CFR § 1.98(d), the earlier application is 

properly identified and is relied on for an earlier effective filing date under 35 U.S.C. § 120 and 

therefore copies of foreign 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. ID Nos. 5 and 16 have not been submitted to 

andior cited by the Office in the earlier application. 

This staternent is being filed before the receipt of a first action on the rnerits. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /X.G/ 
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Receipt date: 05/15/2023 

First Named Inventor : 
Application No. 
Filed 
Page 

Jae-sun Seo 
18/154,727 
January 13, 2023 
2 of2 

18/154,727 - GAU: 2616 

Attorney Docket No .. 22193-0137002 / Ml6-180P­
US2-b 

Apply any necessary charges or credits applicable under 37 C.F.R. § l. l 7(p) to deposit 

account 06-1050, referencing the above attorney docket number 

Please contact the undersigned if there are any questions regarding this statement 

Respectfully submitted, 

Date: Mav 15 2023 

Customer Number 20985 
Fish & Richardson P.C. 
Telephone: +l (512) 226-8156 
Facsimile: (877) 769-7945 

6320123Ldoc 

/Heather L. Flanagan/ 

HeatherL Flanagan, Reg. No. 54,101 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /X.G/ 
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Receipt date: 05/15/2023 18/154,727 - GAU: 2616 

Sheet _1_ of _1_ 

Substitute Disclosure F onn U.S. Department of Commerce Attorney Docket No. 

I 
Application No. 

Patent and Trademark Ofike 22193-0137002 18/154,727 

Information Disclosure Statement Applicant 

by Applicant Jae-sun Seo et al. 
(Use several sheets if necessary} Filing Date 

I 
Group Ait Unit 

(37 CFR ~L9S(b)} January n 2023 2616 - ' 

U.S. Patent Documents 
Examiner Desig. Pubiication Filing Date 

lnitiai ID Document Number Date Patentee if Appropriate Class Subciass 

l. 5822452 10/13/1998 Tarolli et al. 

2. 9436895 9/6/2016 Jones et al. 

3. 9466362 10/11/2016 Yu et al. 

4. 9934463 4/3/2018 Seo et al. 

5. 11556779 l/l 7/2023 Seo et al 

6. 20150032449 1/29/2015 Sainath et al. 

7. 20150255062 9/l 0/2015 Penn et al. 

8. 20150339571 11/26/2015 Krizhevsky et al. 

q 20170220929 8/3/2017 Rozen et al. 

10. 20170300815 10/19/2017 Seo 

11. 20170316307 11/2/2017 Koster et al . 

12. 20190080755 3/14/2019 Seo et al. 

13 20190087719 3/21/2019 Seo et al. 

14. 20190150794 5/23/2019 V rudhul a et al. 

15. 20190164538 5/30/2019 Seo et al. 

16. 20190244100 8/8/2019 Seo et al 

Foreign Patent Documents or Published Foreign Patent Applications 
Examiner Desig. Publication Country or 

lnitiai ID Document Number Date Patent Office Translation Class Subclass 

17. \VO 2016033506 3/3/2016 WO 

18. \VO 2017190089 11/2/2017 \VO 

19. \VO 2018022821 2/1/2018 WO 

Other Documents (include Author, Title, Date, and Place of Publication) 
Examiner Desig. 

lnitiai ID Document 

20. 
International Search Report and Written Opinion in International Appln. No. 
PCT/US2017/052736, dated January 8, 2018, 9 pages 

Ex;irniner Sign;iture Date Considered 

/XILIN GUO/ 07/11/2023 

EXAMINER: Initials citation considered. Drnw line througt1 citation if not in confonnance and not considered. In dude copy of U1is form with 
next com1T1unication to ;i ilicant. 

Substitute Disclosure Forrn 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /X.G/ 
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7/12/23, 9:49 AM lnnovationQ+ IP.com 

Techn;qu~:s ~3tt1 i:jescdbt1tJ -for {:)fiid{:)nt!y :"tK·i:.1dn~1 th{:) anH.1:.1r1t c:f tot;:~: con1put;:~t;on l'n convoi~Jtit"H1;3l n~:tJt;:~l 

net\:\N)fkB (CNNs) ,-~lthout affect:ng the o~itp~it result or c:~sslficatlon ;~ccur~cy. Gornput~tiGn r~Kiun,i:2:ncy :n 

4. Acce!erath1g processor based artlficial neural r1etwork computatlon 

5. Neural r1etwork device ar;d method using bltwise operations 

https://iq. ip. com/discover 

~ 
\.;,.,.~~~~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,,,,,,.................. . 

ARIZONA STATE UNIV (5l 
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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 

20985 7590 07/24/2023 

FISH & RICHARDSON P.C. (SD) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 

APPLICATION NO. FILING DATE 

18/154,727 01/13/2023 

FIRST NAMED INVENTOR 

Jae-sun Seo 

TITLE OF INVENTION: CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS 

EXAMINER 

GUO,XILIN 

ART UNIT PAPER NUMBER 

2616 

DATE MAILED: 07/24/2023 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

22193-0137002 4440 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. 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 Bis 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 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

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. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) 
Note: A certificate of mailing can only be used for domestic mailings of the 
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 

FISH & RICHARDSON P.C. (SD) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 

APPLICATION NO. FILING DATE 

18/154,727 01/13/2023 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Jae-sun Seo 22193-0137002 4440 

TITLE OF INVENTION: CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional MICRO $240 

EXAMINER ART UNIT 

GUO,XILIN 2616 

1. Change of correspondence address or indication of "Fee Address" (3 7 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/AIA/122 or PTO/SB/122) attached. 

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

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

706-019000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$240 10/24/2023 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DA TA 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) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: DissueFee □Publication Fee (if required) 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via Patent Center or EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 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) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
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 
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 
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 _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

18/154,727 01/13/2023 

20985 7590 07/24/2023 

FISH & RICHARDSON P,C, (SD) 
P.O. BOX 1022 
MINNEAPOLIS, MN 55440-1022 

FIRST NAMED INVENTOR 

Jae-sun Seo 

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 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

22193-0137002 4440 

EXAMINER 

GUO,XILIN 

ART UNIT PAPER NUMBER 

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 l(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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0MB 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 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB 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 0MB 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, 
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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 

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 such an 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 em ploys 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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Page 6 

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. fvbre 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 fvbnday - 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 



IPR2025-01399 
CrowdStrike EX1002 Page 151

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 

Commissioner for Patents 
P.O. Box 1450 

By fax, send to: (571) 273-2885 

Alexandria, Virginia 22314-1450 
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 including the Patent, advance orders and notification of maintenance fees 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. 
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the 

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 

FISH & RICHARDSON P.C. 
P.O. BOX 1022 

07/24/2023 

MINNEAPOLIS, MN 55440-1022 

APPLICATION NO. FILING DATE 

18/154,727 01/13/2023 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885 on the date below 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Jae-sun Seo 22193-0137002 4440 

TITLE OF INVENTION: CASCADED COMPUTING FOR CONVOLUTIONAL NEURAL NETWORKS 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional MICRO $240 

EXAMINER ART UNIT 

GUO,XILIN 2616 

I. Change of correspondence address or indication of "Fee 
Address" (37 CFR 1.363). 

[ l 

[ l 

Change of correspondence address ( or Change of 
Correspondence Address form PTO/SB/122) attached. 

"Fee Address" indication (or "Fee Address" Indication 
form PTO/SB/47; Rev 03-09 or more recent) 
attached. Use of a Customer Number is required. 

PUBLICATION FEE DUE PREY.PAID ISSUE FEE TOT AL FEE(S) DUE DATE DUE 

$0 $240 10/24/2023 

CLASS-SUBCLASS 

706-019000 

2. For printing on the patent front page, list 

(I) The names ofup to 3 registered patent attorneys 
or agents OR, alternatively, Fish & Richardson P.C. 

(2) The name of a single firm (having as a member 
a registered attorney or agent) and the names of 2 _____________ _ 
up to 2 registered patent attorneys or agents. If 
no name is listed, no name will be printed. 3 _____________ _ 

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 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE 
Arizona Board of Regents on behalf of Arizona State 

University 

(B) RESIDENCE: (CITY and STATE OR COUNTRY) 
Scottsdale, AZ, 

Please check the appropriate assignee category or categories (will not be printed on the patent): [ ] Individual [X] Corporation or other private group entity [ ] Government 
4a. Fees Submitted: [X] Issue Fee [ ] Publication Fee (ifrequired) 

4b. Method of Payment (Please first reapply any previously paid fee shown above): 

[X] Electronic Payment via EFS-Web [ ] Enclosed check [ ] Non-electronic payment by credit card (Attach form PTO-2038) 

[X] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment, to Deposit Account No. 06-1050 

5. Change of Entity Status (from status indicated above) 
[ ] Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid Certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue fee 

payment in the micro entity amount will not be accepted at the risk of application abandonment. 

] Applicant asserting small entity status. See 37 CFR 1.27. 

] Applicant changing to regular undiscounted fee status. 

NOTE: If the application was previously under micro entity status, checking this box will be taken as 
a notification ofloss of entitlement to micro entity status. 

NOTE: Checking this box will be taken as a notification of loss of entitlement to small or micro 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 /Heather L. Flanagan/ 

Typed or printed name Heather L. Flanagan 
PTOL-85 Part B (08-18). Approved for use through 3/31/2023 0MB 0651-0033 

Date August 18, 2023 

Registration No. _54_,~1_0_1 ________ _ 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 



IPR2025-01399 
CrowdStrike EX1002 Page 152

Attorney's Docket No.: 22193-0137002 I Ml6-180P-US2-b 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor : 
Application No. 
Filed 

Jae-sun Seo 
18/154,727 
January 13, 2023 

Art Unit 2616 
Examiner Xilin Guo 
Confirmation No. 4440 

Title 
Notice of Allowance Date: July 24, 2023 

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 ofrecord, 

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 3 5 

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. 



IPR2025-01399 
CrowdStrike EX1002 Page 153

First Named Inventor : 
Application No. 
Filed 
Page 

Jae-sun Seo 
18/154,727 
January 13, 2023 
2 of2 

Attorney Docket No.: 22193-0137002 I Ml6-180P­
US2-b 
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some of the features recited in the dependent claim and its base claim(s), which combination of 
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on or after the issue date through Patent Center at https://patentcenter.uspto.gov/. The patent will be available in 
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or about Patent Center, is available by calling the Patent Electronic Business Center at 1-888-217-9197. 
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of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should 
be directed to the Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE), 
Stakeholder Support Division (SSD) at (571)-272-4200. 

IR103 (Rev. 10/09) 
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Jae-sun Seo, Tempe, AZ; 
Minkyu Kim, Chandler, AZ; 

APPLICANT( s) (Please see PA TENT CENTER site https://patentcenter.uspto.gov for additional applicants): 

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 USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 

IR103 (Rev. 10/09) 
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Your electronic patent grant (eGrant) is now available, which can be accessed via Patent Center at https:// 
patentcenter .uspto.gov 

The electronic patent grant is the official patent grant under 35 U.S.C. 153. For more information, please visit 
https://www.uspto.gov/electronicgrants 
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