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Electronic Acknowledgement Receipt

EFS ID: 44434450
Application Number: 17542193
International Application Number:
Confirmation Number: 1026

Title of Invention:

Dynamic Batching for Inference System for Transformer-Based Generation
Tasks

First Named Inventor/Applicant Name:

Gyeongin Yu

Customer Number:

758

Filer:

Jae Yeon Baek

Filer Authorized By:

Attorney Docket Number:

39192-50678/US

Receipt Date: 03-DEC-2021
Filing Date:
Time Stamp: 18:39:05

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $80

RAM confirmation Number

E2021B3139403768

Deposit Account

192555

Authorized User

Jae Yeon Baek

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 {National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processingffegs




37 CFR 1.19 (Document supply fees)
37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:
Document . . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
38022
1 Fee Worksheet (SB06) fee-info.pdf no 2
6c1d704508058937fd51b9b6cb0ef552fad2)

dfoe

Warnings:

Information:

Total Files Size (in bytes): 38022

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc Code: TRACK1.REQ

Document Description: TrackOne Request
PTO/AIA/424 (04-14)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102(e) (Page 1 of 1)

:;iilse}n';l:rr:ned Gyeongin YU Er?gvsrrs:visional Application Number (if 391 92'50678/US
e o Dynamic Batching for Inference System for Transformer-Based Generation Tasks

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee,
and examination fee are filed with the request or have been already been paid. | understand
that any required excess claims fees or application size fee must be paid for the application.

2. | understand that the application may not contain, or be amended to contain, more than four
independent claims, more than thirty total claims, or any multiple dependent claims, and that
any request for an extension of time will cause an outstanding Track | request to be dismissed.

3. The applicable box is checked below:

I. [v] Original Application (Track One) - Prioritized Examination under § 1.102(e)(1)

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the utility application via EFS-Web.
—--OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the plant application in paper.

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

Il. [ ] Request for Continued Examination - Prioritized Examination under § 1.102(e)(2)

i. A request for continued examination has been filed with, or prior to, this form.

ii. Ifthe application is a utility application, this certification and request is being filed via EFS-Web.

iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), oris
a national stage entry under 35 U.S.C. 371.

iv. This certification and request is being filed prior to the mailing of a first Office action responsive
to the request for continued examination.

v. No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1.102(e)(2).

signature/ @€ YEON Baek/ sate D€CEMber 3, 2021
?IgarmSTyped)Jae Yeon Baek Eieagﬁg:ir(;?ii; Number78’258

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d} for signature requirements and certifications.
Submit multiple forms if more than one signature is required. ™

forms are submitted.

*Total of
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Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Doc Code: ECOMM.AUTH/ECOMM.WTDW
Doc Description: Internet Communications Authorized/Internet Communications Authorization Withdrawn

PTO/SB/439 (11-15)

/" AUTHORIZATION FOR INTERNET | Application No. Not Yet Known
COMMUNICATIONS IN A PATENT | Filing Date Herewith
APPLICATION OR REQUEST TO First Named Inventor Gyeongin Yu
WITHDRAW AUTHORIZATION FOR | Artunit Not Yet Known
INTERNET COMMUNICATIONS Examiner Name Not Yet Known
Practitioner Docket No. |39192-50678/US
To: Commissioner for Patents
P.0O. Box 1450

Alexandria, VA 22313-1450

I. To authorize permission for Internet Communications.

v | Recognizing that Internet communications are not secure, | hereby authorize the USPTO to communicate
with the undersigned and practitioners in accordance with 37 CFR 1.33 and 37 CFR 1.34 concerning any subject
matter of this application via video conferencing, instant messaging, or electronic mail. | understand that a copy of
these communications will be made of record in the application file. (MPEP 502.03)

Il. To withdraw authorization for Internet Communications.

The authorization given on , to the USPTO to communicate with the undersigned and
any practitioner in accordance with 37 CFR 1.33 and 37 CFR 1.34 concerning any subject matter of this application
via Internet communications such as video conferencing, instant messaging, or electronic mail is hereby
withdrawn. | understand that the withdrawal is effective when approved rather than when received.

| am the

applicant.

attorney or agent of record. Registration number 78,258

attorney or agent acting under 37 CFR 1.34. Registration number

/Jae Yeon Baek/ December 3, 2021
Signature Date
Jae Yeon Baek (650) 335-7142
Typed or printed name Telephone Number

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Juristic entities
must be represented by a patent practitioner (see 37 CFR 1.31, which is applicable to any paper filed on or after September 16, 2012, that is
presented on behalf of a juristic entity, regardless of application filing date). Submit multiple forms if more than one signature is required, see
below*.

* Total of 1 forms are submitted.
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Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

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.
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PTO/AIA/4 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

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

) ) Attorney Docket Number | 39192-50678/US
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Dynamic Batching for Inference System for Transformer-Based Generation Tasks

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

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

Secrecy Order 37 CFR 5.2:

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

Inventor Information:

Remove
Inventor [1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

[+ [Syeongin YU [+
Residence Information (Select One) US Residency e Non US Residency Active US Military Service

city |Feoul ||country of Residence | kKr |

Mailing Address of Inventor:

Address 1 FriendliAl Inc.

Address 2 Rm. 514, Bldg. 138, Gwanak-ro, Gwanak-gu

City | Seoul State/Province | |
Postal Code 08826 Countryi | |KR

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
~| KGeon-Woo Kim v
Resﬁience Information (Select One) US Residency (8 Non US Residency Active US Military Service -
City |peoul ||Country of Residence | KR |

Mailing Address of Inventor:

Address 1 FriendliAl Inc.

Address 2 Rm. 514, Bldg. 138, Gwanak-ro, Gwanak-gu

City Seoul State/Province | |

Postal Code 08826 Countryi | kR

Inventor 3
Legal Name
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PTO/AIA/M4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

39192-50678/US

Application Number

Title of Invention

Dynamic Batching for Inference System for Transformer-Based Generation Tasks

Prefix| Given Name Middle Name Family Name Suffix
<] Poo Seong eong |

Residence Information (Select One) US Residency  (8) Non US Residency Active US Military Service
City |peoul || Country of Residence i KR |
Mailing Address of Inventor:

Address 1 FriendliAl Inc.

Address 2 Rm. 514, Bldg. 138, Gwanak-ro, Gwanak-gu

City | Seoul State/Province | |

Postal Code 08826 Countryi | kR

Inventer 4

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

| E| So0jeong

Kim

| L]

Residence Information (Select One)

US Residency

(® Non US Residency

Active US Military Service

City |peoul

|| Country of Residence | KR

Mailing Address of Inventor:

Address 1

FriendliAl Inc.

Address 2

Rm_ 514, Bldg. 138, Gwanak-ro, Gwanak-gu

City | Seoul

State/Province | |

Postal Code

08826

Countryi | |KR

Inventor |5

Remove

Legal Name

Prefix| Given Name

Middle Name

Family Name

Suffix

+| Byung-Gon

Chun

Resﬁience Information (Select One)

US Residency

(® Non US Residency

Active US Military Service

City |peoul

||Country of Residence | KR

Mailing Address of Inventor:

Address 1 FriendliAl Inc.

Address 2 Rm. 514, Bldg. 138, Gwanak-ro, Gwanak-gu

City | Seoul State/Province | |
Postal Code 08826 10lofCRYNtrY i | |KR

EFS Web 2.2.13



PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

. Attorney Docket Number | 39192-50678/US
Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | Dynamic Batching for Inference System for Transformer-Based Generation Tasks

All Inventors Must Be Listed - Additional Inventor Information blocks may be 2

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).

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

Customer Number DO758

Email Address ptoc@fenwick.com | AddEmail | |Remove Email
Application Information:

Title of the Invention Dynamic Batching for Inference System for Transformer-Based Generation Tasks

Attorney Docket Number| 39192-50678/US Small Entity Status Claimed [X]

Application Type Nonprovisional v
Subject Matter ility v
Total Number of Drawing Sheets (if any) 12 Suggested Figure for Publication (if any)

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 1.53(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 1.57(a). ]
Application number of the previcusly Filing date {YYYY-MM-DD) Intellectual Property Authority or Country |

filed application

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

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

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

Representative Information:

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

Number will be used for the Representative Information during processing.
11 of 265
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PTO/AIA/4 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032

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

. Attorney Docket Number | 39192-50678/US
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Dynamic Batching for Inference System for Transformer-Based Generation Tasks

Please Select One: e Customer Number US Patent Practitioner () Limited Recognition {37 CFR 11.9)
Customer Number 0758

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.5.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 -

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

-

Additional Domestic Benefit/National Stage Data may be generated within this form 3
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.8.C. 119(b) and 37 CFR 1.55. When pricrity 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 PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

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

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

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

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.
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 AlA.
12 of 265
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

. Attorney Docket Number | 39192-50678/US
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Dynamic Batching for Inference System for Transformer-Based Generation Tasks

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

(1).

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

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

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

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

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[ ] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | 39192-50678/US
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DYNAMIC BATCHING FOR INFERENCE SYSTEM FOR TRANSFORMER-BASED
GENERATION TASKS

Inventors:
Gyeongin Yu
Geon-Woo Kim
Joo Seong Jeong
Soojeong Kim
Byung-Gon Chun

BACKGROUND
[0001] This invention relates generally to machine-learning transformer neural network
models, and more particularly to selective batching for transformer models.
[0002] Transformer neural network models are machine-learning models used for a variety
of applications, for example, natural language processing (NLP), image processing, or audio
processing applications that include sequential data. For example, a transformer model may
receive a sequence of input tokens that represent a query and generate a sequence of output
tokens that represent a response to the query.  As another example, the transformer model may
receive a sequence of input tokens that represent a paragraph in German and generate a sequence
of output tokens that represents a translation of the paragraph in English.  As yet another
example, the transformer model may receive a sequence of input tokens that represent a
paragraph of text and generate a sequence of output tokens that represent a summarized version
of the text.
[0003] Typically, users of client devices submit requests to an inference system. The
inference system executes a machine-learning transformer model to inputs (e.g., a sequence of
input tokens) of requests to generate outputs (e.g., a sequence of output tokens) for the requests.
The inference system may return the outputs to client devices of the requests as a response. In
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one instance, the inference system executes the requests on specialized hardware accelerators
such as graphics processing units (GPU’s) or tensor processing units (TPU’s) to improve latency
and throughput, especially when the number of parameters of the transformer model is
significantly large.

[0004] In one instance, the inference system processes requests in batches to achieve high
processor utilization on the accelerators. Specifically, the inference system may process
multiple requests in a batch together to exploit the amount of parallel computation units in the
hardware accelerators. In many situations, the inputs for requests in a batch are variable in
length. For example, the number of input tokens for each request in a batch may be variable in
length. However, methods of batching for transformer models often require that the length of
data for multiple requests in a batch be the same to be processed. Thus, it may not be feasible
to process a batch of requests with variable lengths or workarounds addressing this problem may

result in using more resources compared to processing each request individually.

SUMMARY
[0005] An inference system applies a machine-learning transformer model to a batch of
requests with variable input length or variable target length or variable internal state length by
selectively batching a subset of operations in the transformer model but processing requests in
the batch individually for a subset of operations in the transformer model. In one embodiment,
the operation to be processed individually is an attention operation of an encoder or a decoder of
the transformer model. By selective batching, the inference system can allow batching
operations to be performed for a batch of requests with variable input or target or internal state

length to utilize the parallel computation capabilities of hardware accelerators while preventing
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unnecessary computations that occur for workarounds that restrain the data of a batch of requests
to a same length.

[0006] Specifically, in one embodiment, the inference system receives a batch of requests
including one or more input token sequences. A length of a first input token sequence for a first
request in the batch may be different from a length of a second input token sequence for a second
request. The inference system accesses a transformer model including at least a set of decoders
coupled to one another. For one or more iterations, the inference system repeatedly performs
the steps of generating one or more output tokens for the requests by applying the set of decoders
to one or more inputs for the requests.

[0007] For at least one decoder in the set, the inference system generates one or more
queries, one or more keys, and one or more values for the requests by applying a QKV weight
tensor to one or more input representations. In one instance, the queries, keys, and values are
generated by a batch operation. The inference system splits at least a first query for the first
request from the one or more queries, a first key for the first request from the one or more keys,
and a first value for the first request from the one or more values. The inference system also
splits at least a second query for the second request from the one or more queries, a second key
for the second request from the one or more keys, and a second value for the second request from
the one or more values.

[0008] The inference system generates a first attention output for the first request by at least
combining the first query, the first key, and the first value for the first request. The inference
system also separately generates a second attention output for the second request by at least
combining the second query, the second key, and the second value for the second request. The

inference system concatenates at least the first attention output and the second attention output
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into a concatenated tensor and generates one or more output representations by applying a weight
tensor to the concatenated tensor. In one instance, the one or more output representations are
generated by a batch operation. The inference system sets the one or more output tokens as the
one or more inputs to the set of decoders for the next iteration and provides output tokens
generated for at least one request to a client device as a response to the at least one request.
[0009] In one embodiment, the inference system performs iteration-level dynamic batching
for a transformer model that allows the inference system to dynamically modify a batch of
requests being executed on an execution engine. Specifically, in existing batching methods for
transformer models, it is difficult to modify a batch of requests once it has started to process on
an execution engine. This is because certain methods of batching require the length of the
inputs or the length of the internal states to be the same across all requests in the batch.
Therefore, unless new incoming requests have the same length of inputs as the batch of requests
being executed on the execution engine, it may be difficult for the inference system to modify
the batch to, for example, add or remove new requests to the batch.

[0010] By performing selective batching, the inference system can monitor and modify a
batch being processed on the execution engine on an iteration-level and update the batch between
iterations as requests get completed and new requests are received. Specifically, at one or more
iterations, the inference system can modify the batch being executed on the execution engine by
adding new incoming requests to the batch or removing completed requests from the batch.

This is because selective batching allows requests with variable lengths to be processed without
restraining the one or more inputs or internal states to the transformer model to same lengths.
This allows the inference system to remove requests in the batch that are completed earlier than

others so that the response can be provided to the user faster and allows the inference system to
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add new requests to a batch of requests if the execution engine is being under-utilized.

[0011] In one embodiment, a serving system of the inference system receives one or more
requests for execution. The serving system may include a request processor and a scheduler
each coupled to one or more execution engines for executing a machine-learning transformer
model including at least a set of decoders. The scheduler schedules a batch of requests
including the one or more requests for execution on an execution engine. The execution engine
generates a first set of output tokens by iteratively applying the transformer model to a first set of
inputs for the batch of requests. In one instance, applying the transformer model includes
applying at least one batch operation to one or more input tensors associated with the batch of
requests.

[0012] The serving system may receive a new request from a client device that includes a
sequence of input tokens. The scheduler schedules a second batch of requests including the one
or more requests and the new request for execution on the execution engine responsive to
determining that the execution engine has memory available to execute the second batch of
requests. The execution engine generates a second set of output tokens by iteratively applying
the transformer model to a second set of inputs for the second batch of requests. The second set

of inputs may include the sequence of input tokens for the new request.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] FIG. 1 is a high-level block diagram of a system environment for an inference system,
in accordance with an embodiment.
[0014] FIGs. 2A-2B illustrate a method of batching using a machine-learning transformer

model, in accordance with an embodiment.
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[0015] FIGs. 3A-3B illustrate a method of selective batching using a machine-learning
transformer model, in accordance with an embodiment.

[0016] FIG. 4 is a block diagram of an inference system, in accordance with an embodiment.
[0017] FIGs. 5A-5D illustrate a method of dynamic batching for processing requests using a
machine-learning transformer model, in accordance with an embodiment.

[0018] FIGs. 6A-6B is a flowchart illustrating a method of selective batching using the
transformer model, in accordance with an embodiment.

[0019] FIG. 7 is a flowchart illustrating a method of dynamic batching for processing
requests using the transformer model, in accordance with an embodiment.

[0020] FIG. 8 is a diagram illustrating a computer system upon which embodiments
described herein may be implemented within the inference system, in accordance with an
embodiment.

[0021] The figures depict various embodiments of the present invention for purposes of
illustration only.  One skilled in the art will readily recognize from the following discussion that
alternative embodiments of the structures and methods illustrated herein may be employed

without departing from the principles of the invention described herein.

DETAILED DESCRIPTION

OVERVIEW

[0022] FIG. 1 is a high-level block diagram of a system environment 100 for an inference
system 130, in accordance with an embodiment. The system environment 100 shown by FIG. 1
includes one or more client devices 110A, 110B, a network 120, and an inference system 130.

In alternative configurations, different or additional components may be included in the system
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environment 100.

[0023] The inference system 130 receives requests from client devices 110A, 110B to
perform tasks using machine-learning models. In one embodiment, the machine-learning
models are transformer neural network models. The tasks may include, but are not limited to,
natural language processing (NLP), image processing, audio processing applications.
Specifically, the transformer model may be appropriate for processing sequential data that can be
tokenized into a sequence of input tokens for the request and a sequence of output tokens for the
desired response. The inference system 130 receives a request including input data (e.g., text
data, image or video data, audio data) and encodes the input data to a set of input tokens. The
inference system 130 repeatedly applies the machine-learning transformer model for one or more
iterations to generate a set of output tokens. The inference system 130 decodes the set of output
tokens to output data and returns the output data as the response to the request. While for
applications such as NLP applications, a sequence of input tokens or output tokens are arranged
along one dimension (1-D) to represent, for example, a sequence of words, it is appreciated that
in other embodiments, a sequence of input tokens or output tokens may be a multi-dimensional
sequence. For example, for two-dimensional image data, the sequence of tokens may be a two
dimensional (2-D) sequence arranged along both a first direction (e.g., X-axis) and a second
direction (e.g., Y-axis), where each token corresponds to a block of one or more pixels in the
image.

[0024] In particular, NLP tasks involve using artificial intelligence and machine learning
techniques to analyze language and may include a variety of tasks including translation,
sentiment analysis, text summarization, auto-correction, and the like. When processing NLP

tasks, the inference system 130 receives a request including input text of a sequence of words
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(e.g., query) and encodes the input text to a sequence of input tokens that each represent a
respective word in a latent space. The inference system 130 repeatedly applies a transformer
model for one or more iterations to generate a sequence of output tokens (e.g., response to
query). The output tokens are converted to output text as a response to the request.

[0025] For example, a transformer model may receive a sequence of input tokens that
represent a query and generate a sequence of output tokens that represent a response to the query.
As another example, the transformer model may receive a sequence of input tokens that
represent a paragraph in French and generate a sequence of output tokens that represents a
translation of the paragraph or sentence in English. As yet another example, the transformer
model may receive a sequence of input tokens that represent a paragraph of text and generate a
sequence of output tokens that represents a summarized version of the text.

[0026] In one embodiment, the inference system 130 includes one or more execution engines
that are built on specialized hardware accelerators such as graphics processing units (GPU’s) or
tensor processing units (TPU’s). The requests are executed on the execution engines.
Specifically, execution of machine-learning neural network models, such as transformer models,
involve a significant number of operations, such as tensor multiplication between input data and
high-dimensional weight tensors that can be computationally intensive. The hardware
accelerators of the execution engines may be optimized to perform these operations efficiently
by parallel processing, leading to significant improvement in latency or throughput when the
number of parameters in the transformer model are large.

[0027] The hardware of the inference system 130 may include one or more central
processing unit (CPU) cores, CPU memory (e.g., DRAM), data storage, one or more execution

engines (e.g., GPU devices). Each execution engine may include a set of cores (e.g., GPU

-8 -
37 of 265



cores) coupled to local memory (e.g., GPU memory), and may be composed of one or more
hardware accelerators. In addition, the inference system 130 may be composed of multiple
hardware components and components for configuring a network to connect the various
components across the multiple hardware components together such that the components can
coordinate with each other to process requests. For example, one execution engine may
communicate with multiple hardware accelerators on multiple machines. An execution engine
may process data that is stored on its local memory. Specifically, during training or inference
of the transformer model, data required for inference or training is read from an input file in the
data storage by the CPU or across the network 120 from, for example, a client device 110,
moved to local memory of an execution engine, and processed by the execution engine. The
results of the processing are retrieved by the CPU.

[0028] In one embodiment, the inference system 130 processes requests by batches to
achieve higher processor utilization on the hardware accelerators. Specifically, the inference
system 130 processes multiple requests in a batch together to exploit the amount of parallel
computation units in the execution engines. In such an embodiment, the inference system 130
receives multiple requests each associated with an input token sequence. The inference system
130 iteratively applies the transformer model to the batch of requests to generate the output
tokens for the requests together. In one instance, batching for a transformer model is made
possible by grouping requests that have the same length of input token sequences together or at
each iteration, treating requests in the batch as if they all had the same input token sequence

lengths as the request with the shortest length.

Transformer Model with Batching

[0029] FIGs. 2A-2B illustrate a method of batching using a machine-learning transformer
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model 200, in accordance with an embodiment. In particular, the transformer model 200 is
associated with a set of parameters determined through a training process. The transformer
model 200 is coupled to receive one or more inputs (e.g., input token sequences or output tokens
of previous iteration) and generate one or more outputs (e.g., output token predictions).
Specifically, in one embodiment, a request is processed by applying the transformer model to the
input token sequence of the request in one iteration of an “encoding phase,” and applying the
transformer model to an output token sequence generated at a previous iteration for one or more
iterations of a “decoding phase.” In a decoding phase, the output tokens of a previous iteration
are set as inputs for a next iteration, and the process is repeated for additional iterations of the
decoding phase until an end token (e.g., period “.” or an “<end>" indicator) is generated for each
request in the batch signaling that all predictions have been generated for a respective request.

In other embodiments, the termination criteria for a request may be to terminate after a maximum
number of output tokens are generated or may be other types of conditions that are specified by,
for example, the inference system 130 or users of the client devices 110.

[0030] FIG. 2A illustrates an encoding phase for the transformer model 200, in which the set
of input token sequences are processed to generate one or more output tokens. In the example
shown in FIG. 2A, the inference system 130 processing requests for a chatbot receives a first
request as the question “what is your name?,” a second request as the question “what is the
time?,” and a third request as the question “how do I pay?” The inference system 130 encodes
each of the requests as a respective set of input token sequences. The first request is encoded to
an input token sequence X1, the second request is encoded to an input token sequence X2, and the
third request is encoded to an input token sequence X3, each request being illustrated with a

different fill pattern in the figures. Each input token sequence in FIG. 2A is a one-dimensional
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sequence in which a sequence of tokens are arranged along a single dimension (e.g., X-
direction). However, as described above with respect to FIG. 1, it is appreciated that in other
embodiments, a sequence of tokens may be arranged as a multi-dimensional sequence.

[0031] As shown in FIG. 2A, since each request includes four words, each input token
sequence includes four tokens each token representing a respective word. For example, input
token sequence X1 for the first request is represented by four squares that represent words
“what,” “is,” “your,” “name.” Specifically, while each word is mapped to a single square, in
practice, the inference system 130 represents a token for a word as an embedding that represents
the word in a multi-dimensional latent space. Thus, while each input token sequence is visually
illustrated as a two-dimensional 1x4 tensor in FIG. 2A, in practice, each input token sequence
may be represented as a three-dimensional tensor 1x4xH where H is the dimension of an
embedding (e.g., direction going in or out of the page). Moreover, while each token (input
token or output token) is mapped to one word for the remainder of the specification, this is
merely an example, and it is appreciated that in other embodiments, each token may be mapped
to different text units, combination of text units, and the like. For example, in other
embodiments, each token may be mapped to a text unit of multiple words, paragraphs, sentences,

“(‘7 EEET BRI 2
Ty .y .

n-grams or may be mapped to a punctuation mark (e.g., ) in addition to text units.
[0032] In one embodiment, the transformer model 200 includes a set of N decoders D1, D2, .
... DN. A decoder is coupled to receive a set of input representations and generate a set of
output representations. For example, the first decoder D1 is coupled to receive the one or more
inputs to the transformer model 200 as the set of input representations and generate a set of

output representations. Each subsequent decoder is coupled to receive the set of output

representations of a previous decoder and generate another set of output representations. For
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example, the second decoder D2 placed after the first decoder D1 is coupled to receive the set of
output representations generated by the first decoder D1 and generate another set of output
representations.  This process is repeated until the set of output representations for the final
decoder are generated.

[0033] The transformer model 200 may also include a LM head block 270 that is coupled to
receive the set of output representations from the final decoder DN and generate one or more
output tokens as the outputs for the current iteration. In the example illustrated in FIG. 2A, the
LM head 270 receives the set of output representations from a final decoder DN and generates
one or more output tokens for the batch of requests in the forms of a tensor y1. Specifically,
tensor ¥1 includes a first output token for the first request that represents the first word prediction
“my” for the response, a second output token for the second request that represents the word
prediction “the” for the response, and a third output token for the third request that represents the
word prediction “you” for the response.

[0034] FIG. 2B illustrates a decoding phase for the transformer model 200, in which the
previous output tokens are processed as inputs to generate one or more additional output tokens.
Different from the encoding phase, the transformer model 200 is applied to output tokens
generated at a previous iteration as inputs to generate the additional output tokens. As shown in
FIG. 2B, the transformer model 200 at the next iteration receives the output tokens §1 generated
at the previous iteration and generates additional output tokens y2 for the requests as outputs.

The decoding phase is repeated until the termination criteria is satisfied for each request in the

batch.
[0035] The transformer model 200, and in particular, each decoder Di in the set of decoders
D1, D2, . .., DN include one or more blocks that each represent a respective operation, in
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particular a tensor operation.  Specifically, a block in the transformer model 200 may contain
data for performing an operation to one or more input tensors for a request to generate one or
more output tensors for the request. When an operation is executed on an execution engine, the
one or more input tensors and associated data (e.g., weight tensors) for the operation may be read
from the local memory of the execution engine. The operation may be executed using the one
or more input tensors and the associated data to generate one or more output tensors. The
output tensors are provided to the CPU, to another execution engine, or may be stored on the
local memory of the execution engine such that it can be used for the next operation.

[0036] In one embodiment, the operations of the transformer model 200 are configured as
batch operations in which data for a batch of requests are processed together. A batch operation
is coupled to receive one or more input tensors that are each concatenations of input data for
multiple requests in a batch. The batch operation generates one or more output tensors that are
each concatenations of output data for the multiple requests in the batch by applying the
respective operation to the one or more input tensors. For a batch operation, an input tensor
may be a concatenation of the input tensor for each respective request in the batch. Thus, the
input tensor for the batch operation is a single, larger tensor that coalesces the input tensors for
each request in the batch across an additional batch dimension.

[0037] Similarly, an output tensor from a batch operation may be represented as the
concatenation of output tensors for each respective request in the batch. Thus, while an output
tensor for an individual request can also be generated by applying the operation to the input
tensor for the request, an output tensor generated from a batch operation using a concatenated
input tensor is also a single, larger tensor that coalesces the output tensors for each request in the

batch across the batch dimension.
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[0038] Moreover, certain operations, such as tensor multiplication operations, involve
multiplying a set of parameters (e.g., weight tensors) of the transformer model 200 with the input
tensors for the batch operation. In some instances, when the requests are processed
individually, a weight tensor is read from the local memory of a hardware accelerator each time
an input tensor for a request is multiplied by the weight tensor. In contrast, when executing the
tensor multiplication as a batch operation, the set of parameters are read once and re-used for
operation on the concatenated input tensor. This can lead to significant improvement in
throughput compared to processing the requests individually. However, in the batching process
of FIGs. 2A-2B, each request may be required to have the same length in an input tensor and an
internal state tensor since the input data for the batch are processed as a single tensor.

[0039] As shown in FIG. 2A, a decoder in the transformer model 200 includes a first layer
normalization block 210, a QKV operation block 215, a split block 220, a self-attention block
225, an attention linear block 230, a first add block 235, a second layer normalization block 240,
a first MLP block 245, a GeLU block 250, a second MLP block 255, and a second add block
260. In one embodiment, each of the blocks in the decoder are performed on an execution
engine as a batch operation, in which input tensors for the batch operation are a concatenation of
the input data for the batch of requests and the output tensors are a concatenation of the output
data for the batch of requests. While the operations in the first decoder D1 are described as an
example, it is appreciated that the remaining decoders in the set may also include similar
operations as the first decoder D1.

[0040] Specifically, the inference system 130 concatenates the input token sequences X1, Xz,
X3 into a concatenated input tensor. The layer normalization block 210 is coupled to receive

the concatenated input tensor and normalize the elements of each request to generate a
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normalized tensor as the output tensor. The QKYV operation block 215 is coupled to receive the
normalized tensor as an input tensor and generate an output tensor including queries, keys,
values for the requests.  Specifically, the QKV operation block 215 generates the queries, keys,
and values by applying a QKV weight tensor that is a trained set of parameters of the transformer
model 200 to the normalized tensor that includes normalized data for each request to generate an
output tensor that includes the queries, keys, and values for each request in the batch. For
example, as shown in FIG. 2A, the first row of the output tensor of the QKV operation 215
includes the query, key, value (in a concatenated form) for the first request, the second row
includes the query, key, value for the second request, and so on. In one embodiment, instead of
applying a single QKV weight tensor, the QKV operation block 215 may be associated with
separate weight tensors that are each applied to the input tensor to separately generate the
queries, keys, and values. For example, the QKV operation block 215 may apply a query
weight tensor to the input tensor to generate the queries for the requests, a separate key weight
tensor to the input tensor to generate the keys for the requests, and a separate value weight tensor
to the input tensor to generate the values for the requests.

[0041] The split block 220 is coupled to receive the output tensor from the QKV operation
block 215 and split the output tensor into a query tensor, a key tensor, a value tensor for the
current iteration, in the case that these tensors are not generated separately. The query tensor
includes the queries for the batch of requests, the key tensor includes the keys for the batch of
requests, and the value tensor includes the values for the batch of requests for the current
iteration. In one instance, the execution engine maintains an internal state for the batch of
requests as a key cache tensor for caching the keys generated at previous iterations and the

current iteration, and a value cache tensor for caching the values that were generated at previous
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iterations and the current iteration. The inference system 130 adds the key tensor for the
current iteration to the key cache tensor and the value tensor for the current iteration to the value
cache tensor.

[0042] The self-attention block 225 is coupled to receive the query tensor, the key cache
tensor, and the value cache tensor as the input tensors and generate an output tensor including
attention outputs for requests in the batch. In one instance, the attention output tensor is
generated by multiplying the query tensor with the key cache tensor to generate a multiplied
tensor and multiplying the multiplied tensor with the value cache tensor. When the self-
attention block 225 is executed as a batch operation, the query tensor and the key cache tensor
may be multiplied on the execution engine to generate the multiplied tensor. The value cache
tensor and the multiplied tensor may be multiplied to generate the attention output tensor. The
attention output tensor includes attention outputs for the requests in the batch. For example, in
FIG. 2A, the first row of the attention output tensor Z’ is the attention output for the first request,
the second row of the attention output tensor Z’ is the attention output for the second request,
and so on.

[0043] The attention linear block 230 is coupled to receive the attention output tensor as the
input tensor and generates an output tensor by applying an attention weight tensor that is a
trained set of parameters of the transformer model 200 to the attention output tensor. The
attention linear block 230 is configured as a batch operation. For example, in FIG. 2A, the first
row of the output tensor Z may be the output data for the first request, and the second row of the
output tensor Z may be the output data for the second request, and so on. The first add block
235 combines the concatenated input tensor with the input token sequences and the output tensor

from the attention linear block 230 to generate a combined tensor. The second layer
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normalization block 240 is coupled to receive the combined tensor from the add block 235 and
normalize elements of each request to generate a normalized tensor as the output tensor.

[0044] The decoder further includes a multi-layer perceptron (MLP) block 242 that includes
one or more blocks including additional neural network layers. In one embodiment, the MLP
block 242 includes a first MLP block 245 coupled to receive the normalized tensor from the
second layer normalization block 240 as the input tensor and generate an output tensor by
applying a MLP weight tensor that is a trained set of parameters of the transformer model 200 to
the normalized tensor. The MLP block 242 includes a GeL.U block 250 coupled to receive the
output tensor from the first MLP block 245 as the input tensor and generate an output tensor by
applying a GeLU function to the input tensor. 'The MLP block 242 includes a second MLP
block 255 coupled to receive the output tensor from the GeLU block 250 as the input tensor and
generate an output tensor by applying a second MLP weight tensor that is a trained set of
parameters of the transformer model 200.

[0045] The combined tensor from the second add block 260 may be obtained as the set of
output representations generated for the first decoder D1. Subsequently, the second decoder D2
placed after the first decoder D1 is coupled to receive the set of output representations from the
first decoder D1 and repeats similar operations to generate another set of output representations.
This process is repeated until the set of output representations from the final decoder DN are
generated. Specifically, while each decoder may involve similar operations as the first decoder
D1, the trained set of parameters that are associated with the operations may be different from
decoder to decoder. The LM head block 270 is coupled to receive the set of output
representations from the final decoder DN as an input tensor and generates an output tensor y1

including the one or more output tokens.
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[0046] As described in conjunction with FIG. 2B, the next iteration is a decoding phase in
which the output tokens generated at the previous iteration are inputs to the transformer model
200. The transformer model 200 generates another set of output tokens. The layer
normalization block 210 is applied to the output tensor y1 to generate a normalized tensor. The
QKYV operation block 215 is applied to the normalized tensor to generate an output tensor
including the queries, keys, values for the current iteration. The split block 220 is applied to
split the output tensor into a query tensor, a key tensor, a value tensor. The inference system
130 adds the key tensor for the current iteration to the key cache tensor and adds the value tensor
for the current iteration to the value cache tensor. Thus, during the iteration shown in FIG. 2B,
the key cache tensor Keache includes the keys of the previous iterations and the current key
tensor K, and the value cache tensor Veache includes the values of the previous iterations and
the current value tensor V.

[0047] The self-attention block 225 is applied to the query tensor, the key cache tensor, and
the value cache tensor for the current iteration to generate the attention output tensor. The
attention linear block 230 is applied to the attention output tensor to generate an output tensor.
The add block 235 combines the inputs and the output tensor from the attention linear block 230
to generate a combined tensor. The MLP block 242 is applied to the combined tensor to
generate the set of output representations for the decoder D1.  This process is repeated for the
remaining decoders and the LM head 270 to generate an output tensor y2 including another set of
output tokens, and the transformer model 200 is iteratively applied until the termination criteria

is satisfied for each request in the batch.

Transformer Model with Selective Batching

[0048] In many instances, the inputs for requests or the internal states for the requests are
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variable in length and may be difficult to batch using, for example, the batching method in FIGs.
2A-2B. For example, the number of input tokens between different NLP requests are highly
likely to vary in length depending on the input text and the type of request. For example, the
length of a first query request may be different from the length of a second query request since
different users synthesize language differently. However, methods of batching transformer
models, such as the method described in conjunction with FIGs. 2A-2B, require that the lengths
of input tensors for the batch be the same since the input tensors have to be coalesced into a
single concatenated tensor for an operation. Thus, if the lengths of input tensors are different
for multiple requests, it may not be feasible to process the requests as a batch using the batching
method of FIGs. 2A-2B.

[0049] In addition, a workaround addressing this problem is to treat the input token
sequences during the encoding phase as if the requests had the same lengths as the input token
sequence with the shortest length (i.e., least number of tokens). However, this requires the
inference system 130 to discard output tokens generated for requests with longer input lengths at
subsequent iterations since the original input tokens received for the request have to be
substituted in the respective elements. This results in inefficiency and waste of unnecessary
resources because an inference system processes the input token sequences for longer requests
separately in multiple iterations instead of a single iteration. Another workaround may be to
treat the input token sequences as if the requests had the same lengths as the input token
sequence with the longest length (i.e., largest number of tokens). However, this requires the
inference system to increase the size of the input tensors to match the request with the longest
token sequence (and pad the remaining elements). This results in redundant computation since

the inference system processes a larger input tensor throughout the process of executing the
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transformer model. For example, in some cases, the number of iterations required to process a
batch of requests using the method of FIGs. 2A-2B may be significantly larger than the number
of iterations to process each request individually.

[0050] Thus, in one embodiment, the inference system 130 trains and applies a machine-
learning transformer model to a batch of requests with variable input length or target length or
internal state length using a selective batching method. In the selective batching method, the
inference system 130 selectively batches a subset of operations in the transformer model but
separately processes requests individually for a subset of operations in the transformer model
that are not compatible with batching. In one embodiment, the operation to be processed
separately is the attention operation of an encoder or a decoder of the transformer model. By
selective batching, the inference system 130 can allow batching operations to be performed for a
batch of requests with variable input or target length or internal state length to utilize the parallel
computation capabilities of hardware accelerators while preventing problems that occur in
workarounds.

[0051] FIGs. 3A-3B illustrate a method of selective batching using a machine-learning
transformer model 300, in accordance with an embodiment. In the example shown in FIG. 3A,
the inference system 130 receives a batch of requests with input token sequences having different
lengths, different from FIG. 2A. In FIG. 3A, the inference system 130 receives a first request
as the question “what’s up?,” a second request as the question “hello?,” and a third request as the
question “how are you?” each having different lengths of words. The inference system 130
encodes each of the requests as a respective set of input token sequences. The first request is
encoded to an input token sequence X1, the second request is encoded to an input token sequence

X2, and the third request is encoded to an input token sequence Xs.
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[0052] The transformer model 300 shown in FIGs. 3A-3B also includes a set of N decoders
D1, D2, ..., DN and a LM head block 370. However, different from the transformer model
200 of FIGs. 2A-2B, a subset of operations in the transformer model 300, specifically operations
in the self-attention operation block 325, are executed separately instead of being processed as a
batch operation. As shown in FIG. 3A, the transformer model 300 includes a first layer
normalization block 310, a QKV operation block 315, a split block 320, a self-attention block
325, an attention linear block 330, a first add block 335, a second layer normalization block 340,
a first MLP block 345, a GeLU block 350, a second MLP block 355, and a second add block
360.

[0053] Specifically, in the selective batching method, the inference system 130 may
concatenate the input token sequences X1, X2, X3 into a concatenated input tensor. Different
from the batching method in FIGs. 2A-2B, the inference system 130 concatenates the input token
sequences such that individual input tokens for the batch of requests are concatenated across one
dimension, for example, the vertical dimension in FIGs. 3A-3B.  When input token sequences
with different lengths are input to the transformer model 300, one way to concatenate the
sequences into a concatenated tensor with the same dimensionality for the requests in the batch is
to concatenate the input tokens for the requests across a single dimension. Thus, the
concatenated tensor in FIG. 3A is illustrated as a XLpx1 tensor in FIG. 3A, where 2Ly denotes
the total sum of the token lengths over each request b in the batch, in which the length of input
tokens for request b is given by Ly.  In practice, the concatenated input tensor may be a
YLbx1xH tensor where H is the dimension of an embedding.

[0054] The first layer normalization block 310 is applied to the concatenated input tensor to

generate a normalized tensor that normalizes elements of each request. In one instance, the
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operation of the first layer normalization block 310 is given by:

Xij — E[Xj,]

Vi B
[Var[X; ] + €

where X & R*, represents the concatenated input tensor and Y & R*4*H represents the

Yi,j =

normalized tensors, € is a constant, and 7y, p &€ R,

[0055] The QKV operation block 315 is applied to the normalized tensor as an input
tensor to generate an output tensor including the queries, keys, values for the requests. The
QKYV operation block can be configured as one or more neural network layers. Specifically, the
QKYV operation block 315 generates the queries, keys, and values by applying a QKV weight
tensor that is a trained set of parameters of the transformer model 300 to the normalized tensor.

In one instance, the operation of the QKV operation block 315 is given by:

H
Yi,j = (Z Xi,k . WISJ-KV) + bias]-
k=1

where X € R*,H represents the normalized tensor from the first layer normalization block 310,
Y € R*, ! represents the output tensor containing the queries, keys, and values, WKV & RI>3H
is the QKV weight tensor, and bias & R3!,

[0056] In particular, the QKV operation block 315 in the selective batching method may be
configured as a batch operation and the QKV weight tensor is multiplied with the normalized
tensor from the layer normalization block 310 to generate the output tensor that includes the
queries, keys, and values for the batch of requests. Because of the shape of the concatenated
input tensor, the output tensor of the QKV operation 315 may also be arranged such that each
query element for the requests are concatenated along one dimension, for example, the vertical

dimension, each key element for the requests are concatenated along the one dimension, and
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each value element for the requests are concatenated along the one dimension. For example, as
shown in FIG. 3A, the first and second rows of the output tensor of the QKV operation 315
corresponds to the query, key, value for the first request, the third row corresponds to the query,
key, value for the second request, and the fourth through sixth rows correspond to the query, key,
value for the third request. Similarly, the QKV operation block 315 may generate the queries,
keys, and values separately by applying a query tensor, a separate key tensor, and a separate
value tensor to the input tensor. In one embodiment, the QKV operation block 315 includes
multiple attention heads, and the queries, keys, and values are generated for each attention head.
In such an instance, when the QKV operation block 315 includes 1 atiention heads, H may be
equal to nxh, where h is the dimensionality of the latent space per attention head.
[0057] The split block 320 is coupled to receive the output tensor from the QKV operation
block 315 and split the output tensor into a query tensor, a key tensor, a value tensor for the
current iteration. In one instance, an operation of the split block 320 is given by:

Qij = Xij  Kij =Xin+j Vij = Xi2n+j
where X € R, represents the output tensor from the QKV operation block 315, Q € Ry
represents the query tensor, K & &> represents the key tensor, V € R*,*H represents the
value tensor. When the QKV operation block 315 includes multiple attention heads, the query
tensor may include n queries for each request, the key tensor may include n keys for each
request, and the value tensor may include n values for each request.
[0058] Different from the batching method of FIG. 2A, the split block 320 further splits the
query tensor Q to queries for each request, the key tensor K to keys for each request, and the

value tensor V to values for each request. In one instance the per-request split operation of the

split block 320 is given by:
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Q1ij = Qijy Q2ij=Qr+ijy -~  QBij = Qu i+ 15 ,+ij

where Q1, Q2, . . ., QB are queries for individual requests, and Q1 € RYH, Q2 € RYLyM, ..., QB
I RLBXH

Kiij =Kij Koij =Kp+ij - Kpij = Kij+ 41p,+ij
where K1, K2, . . ., Ks are keys for individual requests, and K1 € R)H Ky € R4, . K €
}:@LBXH

Viii=Vijp Vaij =Vi+ijp - VBij = Vig+ 41p_+ij

where V1, Va, . . ., VB are queries for individual requests, and Vi € R-H, vy € RIYyH 0V
e RLBXH
[0059] Moreover, for each requestb=1, 2, . . ., B, the inference system 130 maintains an

internal state for the request in the form of a key cache tensor Kcachep and a value cache tensor
Veachen, where Kcacheb & RY, cur™ and Veacheb € RY curr ™ and L curr is the current length of
the token sequence (including both the input tokens and output tokens) of the request b. In
other embodiments, the internal state for a request may contain different types of information
from the keys and values for the request and embodiments are not limited hereto. Thus, Ly curr
is equal to Ly for the encoding phase. The inference system 130 adds the key tensor Kb to the
respective key cache tensor and the value tensor Vb to the respective value cache tensor for the
request. Because the set of inputs (i.e., input token sequences for X1, X2, X3) for the batch of
requests have different lengths, the length of the internal state for the requests in the batch are
different in FIG. 3A. In the batching process of FIGs. 2A-2B, the key cache tensor and the
value cache tensor are also required to have the same lengths across requests in the batch since
the self-attention operation 225 involves multiplying the query tensor, the key cache tensor, and

the value cache tensor together. However, since selective batching is performed in FIG. 3A,
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requests that have different lengths for its internal state can also be efficiently processed in
batches for select operations while being processed separately for the self-attention operation
325.

[0060] The self-attention block 325 is coupled to receive the query tensor, the key cache
tensor, and the value cache tensor for each request as the one or more input tensors and generates
one or more output tensors that are attention outputs for each request in the batch. In one
embodiment, the self-attention block 325 is not batched, and at least a subset of the requests in
the batch are processed separately from one another. In particular, each request in the batch
may be processed individually for the self-attention block 325.

[0061] For a request in the batch, the self-attention block 325 is coupled to receive the query
for the request and the key cache tensor for the request to generate a multiplied tensor for the
request. In one instance, an operation of the self-attention block 325 for a request is given by:

h
— ! 7
Yhijk = Z Q'bijm - Kcache'y, i m

m=1
where Yb € B, cure b curr represents the multiplied tensor for request b, Q’b € R™ Ly @ is a
reshaped query tensor Qb for request b that concatenates the query for each attention head

together for a request b, and Keache’r € Rt

beur 18 @ Teshaped key cache tensor Keachen for
request b that concatenates the key cache tensor for each attention head together for request b.
[0062] The self-attention block 325 is then coupled to receive the multiplied tensor and the

value cache tensor for the request and generate the attention output tensor for the request. In

one instance, an operation of the self-attention block 325 for the request is given by:

1
exp <ﬁ * Xp i,j,k)
i 1
Y, exp <ﬁ - Xp i,j,m)

Pb ijk - ifk < ]
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Pb ijk =0 ifk > ] ’
Where Xb € R, cur Vb curr represents the received multiplied tensor for request b, Py €

XL, L
R™ b,curr>< b,curr and

Lb,curr

J— !
Yhijk = Z Py ijm - Vcache'y i m

m=1
where Yb € R™%, our® represents the multiplied tensor for request b, Veache’s € RV o’ ® is
the reshaped value tensor Veachen for request b that concatenates the value cache tensor for each
attention head together for request b.  Subsequently the output Yb is reshaped to generate the
attention output Z’p by:

Z'y hi+k = Ybijk
where Yb € R cur® and Z’b € R, oM.
[0063] In particular, the operations of the self-attention block 325 may not be compatible as
a batch operation for requests that have different lengths because the operations of the self-
attention block 325 are multiplications between the queries, key caches, and value caches for the
requests rather than tensor multiplication between a fixed weight tensor and one or more input
tensors. Thus, the attention outputs for requests in the batch are generated separately. For
example, an execution engine may generate a first attention output for a first request using input
tensors (e.g., query tensor Q1, key cache tensor Keachei, value cache tensor Veacher) for the
first request, and separately, the execution engine at a separate step may generate a second
attention output for a second request using input tensors for the second request. In particular,
the second attention output may be generated at a different execution engine from the execution
engine that processed the first request, generated at a different hardware accelerator from the

hardware accelerator that processed the first request in the same execution engine, generated at a
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different GPU kernel from the GPU kernel that processed the first request in the same hardware
accelerator, or generated at the same GPU kernel that processed the first request in the same
hardware accelerator, but embodiments are not limited hereto.
[0064] The inference system 130 concatenates the attention outputs of the requests in the
batch together into a single attention output tensor, since the subsequent operation in the
attention linear block 330 is configured as a batch operation. In one instance, the concatenation
operation is given by:

2y =71y Lrowij=2'%5p - L'+ 415 ,+ij = Z'Bij
where Z° & R*,H represents the single attention output tensor.  As shown in FIG. 3A, the first
and second rows of the concatenated attention output tensor Z’ correspond to attention outputs of
the first request, the third row corresponds to the attention outputs of the second request, and the
fourth through sixth rows correspond to the attention outputs of the third request.
[0065] The attention linear block 330 is coupled to receive the attention output tensor as the
input tensor and generates an output tensor by applying an attention weight tensor that is a
trained set of parameters of the transformer model 300 to the attention output tensor. The
attention linear block 330 may be configured as one or more neural network layers. The
attention linear block 330 may be executed as a batch operation. In one instance, the operation

of the attention linear block 330 is given by:

H
Zi,]' = (Z Z,i,k . Wﬁjtn) + bias]-
k=1

where Z° € R*,H represents the attention output tensor from the self-attention block 325, Z €
R4 represents the output tensor, W2t & R™H ig the attention weight tensor, and bias € RH.

As an example, in FIG. 3A, the first to second rows of the output tensor Z include the output data
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for the first request, the third row includes the output data for the second request, and the fourth
to sixth rows includes the output data for the third request.

[0066] The first add block 335 combines the concatenated input tensor including the input
token sequences and the output tensor from the attention linear block 330 to generate a combined
tensor. The second layer normalization block 340 is coupled to receive the combined tensor
from the add block 335 and normalize elements of each request to generate a normalized tensor
as the output tensor.

[0067] Similar to the transformer model 200 of FIGs. 2A-2B, the decoder may further
include a MLP block 342 that includes one or more blocks including additional neural network
layers. The MLP block 342 is executed as one or more batch operations. The MLP block 342
further includes a first MLP block 345 configured as one or more neural network layers. The
first MLP block 345 is coupled to receive the normalized tensor from the second layer
normalization block 340 and generate an output tensor by applying a MLP weight tensor that is a
trained set of parameters of the transformer model 200 to the normalized tensor.

[0068] The MLP block 342 further includes a GeLLU block 350 coupled to receive the output
tensor from the first MLP block 345 as the input tensor and generate an output tensor by
applying a GeLU function to the input tensor. 'The MLP block 342 also includes a second MLP
block 355 configured as one or more neural network layers. The second MLP block 355 is
coupled to receive the output tensor from the GeLU block 350 as the input tensor and generate
an output tensor by applying a second MLP weight tensor that is a trained set of parameters of
the transformer model 300. The second add block 360 combines the output tensor from the
second MLP block 355 and the output tensor from the first add block 335 to form the combined

tensor.
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[0069] The combined tensor includes the set of output representations for the first decoder
D1. The set of output representations are propagated to subsequent decoders and a similar
process is repeated to generate a set of output representations for the final decoder DN.
Specifically, the inference system 130 may also deploy a selective batching method for the
remaining decoders in which the self-attention operation is executed without batching but the
remaining operations are batched. The LM head block 370 is coupled to receive the set of
output representations from the final decoder DN and generate an output tensor y1including a set
of output tokens.

[0070] As shown in FIG. 3B, the next iteration is a decoding phase where the previous
output tokens generated at the previous iteration are inputs to the transformer model 300 to
generate another set of output tokens.  Specifically, the layer normalization block 310 is applied
to the output tensor y1 to generate a normalized tensor. The QKYV operation block 315 is
applied to the normalized tensor to generate the output tensor including the queries, keys, values
for the current iteration. The split block 320 is applied to split the output tensor into one or
more query tensors for each request, one or more key tensors for each request, and one or more
value tensors for each request in the batch. The inference system 130 adds each key tensor to
the key cache tensor for the respective request and adds each value tensor to the value cache for
the respective request. Since FIG. 3B depicts an iteration of a decoding phase for all requests in
the batch, the requests have the same lengths for the set of inputs (i.e., single output token for
each request generated from the previous iteration) that are fed to the transformer model 300.
However, the internal state including the key cache tensor and value cache tensor may still have
different lengths for requests in the batch, since the input token lengths for the requests were

different in the encoding phase illustrated in FIG. 3A. However, similar to FIG. 3A, the
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inference system 130 can still process a batch of requests that have different internal state lengths
by selectively batching operations in the transformer model 300.

[0071] The self-attention block 325 is separately applied to the query tensor, the key cache
tensor, and the value cache tensor for each respective request to generate the attention output
tensor for the request. The attention outputs for the requests are concatenated into the attention
output tensor. The attention linear block 330 is applied to the attention output tensor to
generate an output tensor. The add block 335 combines the concatenated input tensor and the
output tensor from the attention linear block 330 to generate a combined tensor. The MLP
block 342 is applied to the combined tensor to generate the set of output representations for the
decoder D1. This process is repeated for the remaining decoders and the LM head block 370 to
generate an output tensor y2including another set of output tokens, and the transformer model
300 1s iteratively applied until the termination criteria is satisfied for each request in the batch.
[0072] By performing selective batching on select operations of the transformer model 300,
the inference system 130 can efficiently process a batch of requests with variable input length.
The inference system 130 executes requests by separately processing operations, such as the self-
attention operation, on a per-request basis while remaining operations of the transformer model
300 are batched. Specifically, operations that involve tensor multiplication between one or
more input tensors and a trained weight tensor, such as the QKV linear operation, the attention
linear operation or the MLP operation, may require high computational power during the
inference process since the dimensionality of the weight tensors are often large. Moreover,
when the requests are individually processed for these operations, the weight tensors may be read
from the local memory of an execution engine multiple times. However, by configuring these

subsets of operations as batch operations but separately processing operations, such as the self-
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attention operation, that do not involve operations on weight tensors, the inference system 130
can utilize the parallel computation capabilities of hardware accelerators while allowing high
flexibility in processing variable length requests.

[0073] In addition, FIG. 3A illustrates an iteration of the encoding phase for a set of inputs
that are input token sequences and FIG. 3B illustrates an iteration of the decoding phase for a set
of inputs that are output tokens for the batch of requests that were generated in a previous
iteration (i.e., encoding phase). However, different from other methods of batching transformer
models, the selective batching method described herein flexibly allows the transformer model
300 to process a set of inputs for a batch of requests having variable input lengths, target lengths,
or internal state lengths, regardless of whether a request in the batch is processed for an encoding
phase or a decoding phase or how many iterations have been processed for the request.

[0074] Specifically, a batch of requests may not be batched using the method of FIGs. 2A-2B
when (i) the requests are in the encoding phase and have input token sequences with different
lengths, when (i1) the requests are in the decoding phase and each request is processing a token at
a different index (i.e., input token length plus the index of decoding iterations) from each other
resulting in internal states with different lengths, and when (iii) each request in the batch is in a
different phase (encoding or decoding) resulting in inputs with different lengths (i.e., input token
sequence for encoding phase and single output token for decoding phase). While the method of
batching in FIGs. 2A-2B restrict the requests in a batch to the same phase with the same number
of input tokens for the encoding phase and the same token index for the decoding phase, this
restriction significantly reduces the likelihood of batching in real-world workloads.

[0075] In contrast, the selective batching method described herein allows the transformer

model 300 to process requests as a batch, even if they are at different phases or different indices
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for processing. Thus, for example, instead of receiving a set of input token sequences X1, Xa,
X3, in FIG. 3A, the transformer model 300 may perform an iteration using a batch of an input
token sequence for a first request (encoding phase), a first output token for a second request (first
iteration of decoding phase), and a third output token for a third request (third iteration of
decoding phase). As another example, the transformer model 300 may perform an iteration
using a batch of a second output token for a first request and a fourth output token for a second
request, each having different lengths for the key cache tensor and the value cache tensor. As
described in conjunction with FIGs. SA-5B, this allows the inference system 130 to flexibly
modify and update batches at each iteration so that the computing capabilities of the one or more
execution engines are fully utilized.

[0076] Moreover, while FIGs. 2A-2B and 3A-3B illustrate a GPT (generative pre-training)
type transformer model that includes a set of decoders, the inference system 130 is also capable
of performing selective batching on transformer models with other types of architectures, as long
as the transformer model includes a attention mechanism (e.g., self-attention or encoder-decoder
attention) that generates attention outputs using queries, keys, and values generated for the
request, and generates output tokens in an auto-regressive manner by using the output tokens
generated at previous iterations as inputs for the next iteration.

[0077] In another embodiment, a transformer model may have an encoder-decoder
architecture and includes a set of encoders coupled to a set of decoders. In such an architecture,
each encoder includes at least a self-attention block coupled to a MLP block. The self-attention
block of an encoder is coupled to receive a query tensor, a key tensor, and a value tensor
obtained from processing a set of input tokens and generate an attention output. Each decoder

includes at least a self-attention block coupled to an encoder-decoder attention block coupled to a
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MLP block. The encoder-decoder attention block of a decoder is coupled to receive a query
tensor obtained from processing the output of the self-attention block and a key tensor and a
value tensor obtained from processing the output of the final encoder to generate another
attention output.

[0078] The inference system 130 may apply the encoder-decoder transformer model to a
batch of requests. Specifically, for an encoder, the requests may be separately processed for the
self-attention block while they are batched for the remaining operations. For the decoder, the
requests may be separately processed for the self-attention block and the encoder-decoder
attention block while they are batched for the remaining operations.

[0079] Returning to FIG. 1, the client devices 110A, 110B is a computing device such as a
smartphone with an operating system such as ANDROID® or APPLE® IOS®, a tablet
computer, a laptop computer, a desktop computer, or any other type of network-enabled device.
In the system environment 100 shown in FIG. 1, the client device 110 allows a user to submit
requests to the inference system 130 to perform tasks that can be processed by the machine-
learning transformer model. For example, a user of the client device 110A may be affiliated
with an entity that deploys one or more applications that require NLP or other types of tasks that
can be processed by the transformer architecture. A request submitted by the client device 110
may be, for example, a request to generate predictions for chatbot applications, a request to
translate a sequence of words from one language to another language, a request to synthesize a
story or narrative given a sequence of starting words, and the like.

[0080] A typical client device 110 includes hardware and software needed to connect to the
network 122 (e.g., via WiFi and/or 4G, 5G or other wireless telecommunication standards).

Specifically, the client device 110 may include an operating system and various applications that
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run on the operating system that enable the users to submit the requests. For example, the client
device 110 may be include browser applications or standalone applications deployed by the
inference system 130 that allow users of an organization to interact with the inference system
130 to submit the requests.

[0081] The network 122 provides a communication infrastructure between the client devices
110 and the online system 130. The network 122 is typically the Internet, but may be any
network, including but not limited to a Local Area Network (LAN), a Metropolitan Area
Network (MAN), a Wide Area Network (WAN), a mobile wired or wireless network, a private

network, or a virtual private network.

BLOCK DIAGRAM OF INFERENCE SYSTEM

[0082] FIG. 4 is a block diagram of an architecture of the inference system 130, in
accordance with an embodiment. The inference system 130 shown by FIG. 4 includes a data
management module 420, a training module 430, and a serving system 435. The inference
system 130 also includes a training corpus 460. In alternative configurations, different and/or
additional components may be included in the inference system 130.

[0083] The data management module 420 manages the training corpus 460 of training data
that is used to train parameters of the transformer model. In one embodiment, the training
corpus 460 includes multiple instances of data that each include a set of training input data and a
set of training output data that correspond to known predictions for the set of training input data
that address the task the transformer model should be trained for. In one embodiment, the
training input data and the training output data is text data, but embodiments are not limited
hereto, and the training data may include any type of data, such as audio data or image data, that

the transformer model is trained to process in an auto-regressive manner. The training module
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430 encodes the set of training input data to a set of training input tokens and the set of training
output data to a set of training output tokens. Each token may represent a respective word in
the latent space.

[0084] For example, when the transformer model is used for automatic translation from
English to French, the set of training input tokens may correspond to a first sentence of words in
English and the set of training output tokens may correspond to a second sentence of words in
French that is a translation of the first sentence. As yet another example, when the transformer
model is used to convert an image to text, the set of training input tokens may correspond to
pieces of image data for the training image and the set of training output tokens may correspond
to a converted sentence or paragraph describing the image.

[0085] The execution engine module 425 includes or more execution engines that are built
on specialized hardware accelerators such as graphics processing units (GPU’s) or tensor
processing units (TPU’s). An execution engine receives requests to execute one or more
requests on the specialized hardware. In one instance, the execution engine receives a batch of
requests and executes one or more iterations of the transformer model via selective batching
using the inputs for each request. As described above, an execution engine may include a set of
cores (e.g., GPU cores) coupled to local memory (e.g., GPU memory). Specifically, for each
operation of an iteration, the execution engine is configured to read data required for the
operation from the local memory of the execution engine.

[0086] The execution engines of the execution engine module 425 may be configured as
GPU’s or TPU’s or any other specialized hardware that is capable of processing neural network
operations, including tensor multiplication and floating-point operations in an efficient manner.

For example, the execution engine is not limited to Google TPU, Graphcore IPU, Cerebras WSE,
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Nvidia GPU, intel Nervana, Qualcomm Cloud AIl, Samsung Exynos, AMD Radeon, Xilinx Al
Accelerator cards, IBM TrueNorth, AWS Trainium, and the like. As described above, an
execution engine may be composed of one or more hardware accelerators. In some instances,
the execution engine may process workload that requires processing capabilities of more than
one hardware accelerator. Thus, the execution engine is able to distribute the workload across
multiple hardware accelerators if necessary.

[0087] In one embodiment, an execution engine is also configured to manage one or more
caches on the local memory necessary for executing one or more iterations of the transformer
model. For example, when executing the transformer model 300 of FIGs. 3A-3B, the execution
engine maintains a key cache tensor and a value cache tensor for a request until the request has
been completed. Thus, responsive to receiving one or more new requests (requests for which
the encoding phase has not been processed), an execution engine allocates memory to each
request for maintaining the key cache tensor and the value cache tensor for the request. For
each iteration of the decoding phase, the execution engine may add the key tensor and the value
tensor for the iteration to the respective key cache and value cache allocated for the request and
retrieve the key cache and value cache for the request to execute an operation. Responsive to
completing one or more requests, an execution engine may provide the outputs for the requests to
an appropriate module of the inference system 130, and free the allocated cache memory for the
completed requests, such that the freed memory can be used for other requests.

[0088] The training module 430 trains parameters of a transformer model by performing a
training process. First, the training module 430 may generate an appropriate architecture for the
transformer model that can address the task requests received by the client devices 110. For

example, the training module 430 may train the transformer model 300 illustrated in FIGs. 3A-
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3B . The training module 430 may determine the number of decoders in the set of decoders to
adjust the depth of the transformer model and determine, for example, how many layers are
included in each neural network layer of the transformer model. When the transformer model
to be trained is an encoder-decoder architecture, the training module 430 may determine the
number of encoders as well as the number of decoders.

[0089] The training module 430 may also initialize one or more weight tensors associated
with the operations of the transformer model. The elements of the weight tensors correspond to
parameters of the transformer model that will be learned during the training process using the
training data of the training corpus 460. The weight tensors may be initialized with
dimensionality based on the dimensionality of the input tensors the weight tensors are configured
to be operated with. For example, to train the transformer model 300 of FIGs. 3A-3B, the
training module 430 may initialize a QKV weight tensor WKV for the QKV operation block 315
(e.g., with dimensionality Hx3H), an attention weight tensor W2 for the attention linear block
330 (e.g., dimensionality HxH), and a first MLP weight tensor for the first MLP block 345 and a
second MLP weight tensor for the second MLP block 355.

[0090] During the training process, the training module 430 obtains a set of training data and
trains parameters of the machine-learning transformer model by repeatedly iterating between a
forward pass step and a backpropagation step. During the forward pass step, the training
module 430 generates one or more estimated output tokens by applying estimated parameters of
the transformer model to the set of training input tokens in the set of training data to generate one
or more estimated output tokens. The training module 430 determines a loss function
indicating a difference between the one or more estimated output tokens and the set of training

output tokens. During the backpropagation step, the training module 430 updates parameters of
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the transformer model (i.e., weight tensors) to reduce the loss function. This process is
iteratively repeated for the next sets of training data until convergence is reached for parameters
of the transformer model or a desired level of model quality is reached.

[0091] In one embodiment, the training module 430 arranges the training data in batches and
executes one or more iterations of the training process on one or more execution engines. For
example, each batch of training data may include a batch of input token sequences, each from a
different training source. For example, a first training input token sequence may be obtained
from a first text source and a second training input token sequence may be obtained from a
second text source. By executing the training process with batching, the training module 430
can utilize the parallel processing capabilities of the execution engines when training the
transformer model, which requires a high degree of computation.

[0092] The serving system 435 receives requests from client devices 110 to perform one or
more tasks that can be processed using the trained transformer model.  As described with
respect to FIGs. 3A-3B, when the tasks are NLP applications, the requests may include a
sequence of words (e.g., sentence in English) that the serving system 435 can parse and map into
a sequence of input tokens that can be provided to the transformer model. The serving system
435 processes the request to generate one or more output tokens using the transformer model.
The serving system 435 can convert the output tokens to output data, for example, a sequence of
words (e.g., translated sentence in French), and return the output data as a response to the client
device.

[0093] In one embodiment, the serving system 435 receives multiple requests from client
devices 110 over time and forms batches of requests. The serving system 435 provides the

batches to one or more execution engines. Responsive to execution by the execution engines,
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the serving system 435 receives one or more output tokens for the requests and provides the
outputs to the client devices 110 as response to the requests. In one embodiment, the lengths of
input sequences of the requests in a batch or lengths of the internal states of the requests in a
batch formed by the serving system 435 can be different from one another as the execution
engines are capable of processing the requests using the selective batching method. In one
embodiment, the serving system 435 waits until a request is completed (i.e., the termination
criteria is satisfied), and provides the outputs to the client devices 110 as response to the
requests. In another embodiment, the serving system 435 provides outputs to the client devices
110 even though a request has not been completed yet. For example, the serving system 435
may provide a number (e.g., 5, 10, 15) of output tokens every time that the number of output
tokens is generated for the request.  As another example, for one or more time intervals (e.g.,
100 ms, 200 ms) the serving system 435 may provide the output tokens generated after each time
interval to the client device 110. This allows the user of the client device 110 to receive
intermittent outputs even though a request has not been completed yet.

[0094] In one embodiment, the serving system 435 performs iteration-level dynamic
batching for the transformer model that allows the serving system 435 to dynamically modify a
batch of requests being executed on an execution engine on a per-iteration basis.  Specifically,
it may be difficult to modify a batch of requests once processing has started on an execution
engine for certain batching methods because such methods require the length of inputs or the
lengths of internal states to the transformer model be the same across the requests of the batch.
That is, unless new incoming requests have the same length of inputs and internal states as the
batch of requests being executed, it is difficult for the inference system to modify the batch to,

for example, add new requests to the batch.
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[0095] By performing selective batching, the serving system 435 can monitor and modify a
batch processed on the execution engine per iteration. Specifically, at one or more iterations,
the serving system 435 can modify the batch being executed on the execution engine by adding
new incoming requests to the batch or removing completed requests from the batch. This is
because selective batching allows requests with variable lengths to be processed without
restraining the inputs or the internal states to the transformer model to the same lengths. This
allows the serving system 435 to provide the response for completed requests earlier to the client
device 110 of the request and allows addition of new requests to a batch if the execution engine
processing the batch is being under-utilized, even if the lengths for the new requests are different

from lengths of the existing requests for the next iteration.

Dynamic Batching for Transformer Model

[0096] FIGs. 5A-5D illustrate a method of dynamic batching for processing requests using a
machine-learning transformer model, in accordance with an embodiment. In one embodiment,
the serving system 435 includes a request processor 580 and a scheduler 585 each coupled to the
one or more execution engines. The request processor 580 receives requests and forwards the
requests to the scheduler 585. The request processor 580 maintains a completion queue for
storing outputs of completed requests. Specifically, the request processor 580 receives outputs
for completed requests from the execution engines and stores the outputs in the completion
queue such that they can be provided to the client devices 110 of the requests. The scheduler
585 receives the forwarded requests from the request processor 580 and maintains an incoming
request queue for storing new requests to be processed. The scheduler 585 forms a batch of
requests and schedules the batch for execution on an execution engine. In one embodiment, the

scheduler 585 is configured to monitor which batch of requests were distributed to each

- 40 -
69 of 265



execution engine and how many iterations of the transformer model have been performed for
each request and whether the request has been completed. The scheduler 585 is also configured
to monitor the available cache memory in each execution engine.

[0097] Specifically, FIG. 5A illustrates a request processor 580 and a scheduler 585 coupled
to execution engines 5S90A and 590B. In FIG. 5A, execution engine 590A is scheduled to
execute a single request R1, and execution engine 590B is scheduled to execute a batch of
requests R3, R4, R5.  Specifically, for the first iteration of FIG. 5A, request R1 in execution
engine 590A includes a single input token. On the other hand, request R3 in the execution
engine 590B includes a sequence of two input tokens, request R4 includes a sequence of three
input tokens, and request RS includes a sequence of two input tokens.

[0098] The request processor 580 receives a new request R2 and forwards request R2 to the
scheduler 585. The scheduler 585 stores request R2 in the incoming request queue. An
iteration of the transformer model is executed on the execution engines 590A, 590B. For
example, the iteration may be an encoding phase for a certain request in current executing batch.
In particular, a key cache tensor and value cache tensor are allocated for each request as the
internal state cache, and a part of the cache for each request is used to store the keys and values
after the encoding phase. In one embodiment, the allocation of the internal state cache for a
request is based on the maximum output token length the transformer model is configured to
generate. For example, a transformer model may be configured to generate a maximum number
of 1024 output tokens, and the execution engine may allocate an internal state cache configured
to store up to 1024 elements for each key cache tensor and value cache tensor. In another
embodiment, when a user of the request specifies a maximum length of output tokens that can be

returned as the response, and the execution engine may allocate an internal state cache
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configured to store up to the maximum length of elements specified in the request for each
tensor. In yet another embodiment, the execution engine may determine the initial number of
input tokens for the request, and the execution engine may initially allocate an internal state
cache that is large enough to store the number of input tokens plus some additional amount of
memory. The execution engine may incrementally allocate more memory to the internal state
cache as the transformer model is iteratively applied for the request if the initially allocated
memory is insufficient. The scheduler 585 monitors the cache memory for execution engines
590A and 590B. Responsive to determining that execution engine 590A has cache memory
available for processing request R2, the scheduler 585 updates the batch for execution engine
590A to include the new request R2 and instructs the execution engine 590A to execute the
updated batch for the next iteration.

[0099] As shown in FIG. 5B, after executing the first iteration, a first output token is
generated for request R1 in the execution engine S90A and requests R3, R4, R5 in the execution
engine 590B. Moreover, execution engine 590A is now scheduled to execute an updated batch
of requests R1, R2 at the second iteration. The request R2 includes a single input token. In
particular, since the first output token has been generated for request R1, the second iteration for
request R1 may be a decoding phase, while the second iteration for request R2 may be an
encoding phase. Thus, because an execution engine is configured to perform selective batching
and is capable of processing requests with different lengths, execution engine 590A can perform
both the encoding phase and the decoding phase for the same batch of requests, as described in
conjunction with FIGs. 3A-3B. This may not be feasible for other batching methods as there is
no guarantee that the length of input tokens for one request will be the same as the length of

input tokens and output tokens for an existing request in the batch. As shown in FIG. 5B, an

- 42 -
71 of 265



additional part of the cache for each request is used to store the keys and values after the second
iteration.

[00100] As shown in FIG. 5C, after executing the second iteration, a second output token is
generated for request R1 in execution engine 590A and requests R3, R4, RS in the execution
engine 590B. A first output token is generated for request R2 in execution engine 590A.
Specifically, the first output token generated for request R2 is generated with an end token and
the execution engine S90A provides the outputs for request R2 to the completion queue of the
request processor 580. The execution engine S90A frees the cache memory allocated to request
R2. The second output token generated for request R4 is also generated with an end token and
the execution engine 590B provides the outputs for request R4 to the completion queue of the
request processor 580. The execution engine 590B frees the cache memory allocated to request
R4. The request processor 580 forwards the outputs of the completion queue to the client
devices 110 of the completed requests.

[00101] The request processor 580 also receives another new request R7 and forwards the
request to the scheduler 585. The scheduler 585 stores the request R7 in the incoming request
queue. Responsive to determining that requests R2, R4 are completed and that execution
engine 590A has cache memory available for processing request R7, the scheduler 585 updates
the batch for execution engine 590A to R1, R7 and updates the batch for execution engine 590B
to R3, R5. The scheduler 585 instructs the execution engines 590A, 590B to execute the
updated batches. Thus, by dynamically adjusting the batches at an iteration, completed requests
can be provided to the client devices 110 of the requests as soon as processing is completed, and
the scheduler 585 can schedule new requests within the batch such that the computing

capabilities of an execution engine can be utilized when the memory of the completed request is
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freed up.

[00102] As shown in FIG. 5D, after executing the third iteration, a third output token is
generated for request R1 in the execution engine 590A and requests R3, RS in the execution
engine 590B. Moreover, execution engine 590A is now scheduled to execute an updated batch
of requests R1, R7 at the fourth iteration and execution engine 590B is now scheduled to execute
an updated batch of requests R3, RS at the fourth iteration. The request R7 includes a sequence
of two input tokens. A similar process to that described in FIGs. 5SA-5D may be continuously
performed as the serving system 435 receives requests from client devices 110.

[00103] As described above, dynamic batching allows the serving system 435 to dynamically
adjust batches that are processed on the execution engines such that the hardware of the
execution engine can be fully utilized. This process was not available for certain methods of
batching (e.g., method of FIGs. 2A-2B) for transformer models, because internal states, such as
the key cache tensor and value cache tensor, maintain variable length per iteration in a
transformer model, while other recurrent machine-learning models (e.g., RNN’s) make use of

state data that have the same lengths across a batch of requests.

FLOWCHART ILLUSTRATING METHOD OF SELECTIVE BATCHING AND DYNAMIC BATCHING
[00104] FIGs. 6A-6B is a flowchart illustrating a method of selective batching using the
transformer model, in accordance with an embodiment. The inference system 130 receives 602
a batch of requests including one or more input token sequences. In one instance, a length of a
first token sequence for a first request in the batch may be different from a length of a second
token sequence for a second request in the batch. The inference system 130 accesses 604 a
machine-learning transformer model including at least a set of decoders.

[00105] For one or more iterations, the inference system 130 repeatedly performs the steps of
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applying the set of decoders to one or more inputs for the requests. Specifically, for at least one
decoder in the set, the inference system 130 generates 606 one or more queries, one or more
keys, and one or more values for the requests by applying a QKV weight tensor to one or more
input representations. The queries, keys, and values may be generated by a batch operation.
The inference system 130 splits 608 a first query for the first request from the one or more
queries, a first key for the first request from the one or more keys, and a first value for the first
request from the one or more values. The inference system 130 also splits a second query for
the second request from the one or more queries, a second key for the second request from the
one or more keys, and a second value for the second request from the one or more values.
[00106] The inference system 130 generates 610 a first attention output for the first request by
at least combining the first query, the first key, and the first value. The inference system 130
separately generates 612 a second attention output for the second request by combining the
second query, the second key, and the second value for the second request. The inference
system concatenates 614 at least the first attention output and the second attention output into a
concatenated tensor. The inference system 130 generates 616 one or more output
representations by applying a weight tensor to the concatenated tensor. The one or more output
representations may be generated by a batch operation. The inference system 130 sets 618 the
one or more output tokens as the one or more inputs to the set of decoders for a next iteration.
The inference system 130 provides 620 output tokens generated for at least one request to a
client device 110 as a response to the at least one request.

[00107] FIG. 7 is a flowchart illustrating a method of dynamic batching for processing
requests using the transformer model, in accordance with an embodiment. The inference

system 130 receives 710, by a serving system, one or more requests for execution. The serving
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system including a scheduler and one or more execution engines each coupled to access a
machine-learning transformer model including at least a set of decoders. The inference system
130 schedules 712, by the scheduler, a batch of requests including the one or more requests for
execution on an execution engine. The inference system 130 generates 714, by the execution
engine, a first set of output tokens by iteratively applying the transformer model to a first set of
inputs for the batch of requests.  Applying the transformer model includes applying at least one
batch operation to one or more input tensors associated with the batch of requests.

[00108] The inference system 130 receives 716, by a request processor, a new request from a
client device. The new request may include a sequence of input tokens. The inference system
130 schedules 718, by the scheduler, a second batch of requests including the one or more
requests and the new request for execution on the execution engine responsive to determining
that the execution engine has memory available to execute the second batch of requests. The
inference system 130 generates 720, by the execution engine, a second set of output tokens by
iteratively applying the transformer model to a second set of inputs for the second batch of

requests including the sequence of input tokens for the new request.

HARDWARE COMPONENTS

[00109] FIG. 8 is a diagram illustrating a computer system 800 upon which embodiments
described herein may be implemented within the inference system 130. For example, in the
context of FIG. 1, the inference system 130 and its sub-systems may be implemented using a
computer system such as described by FIG. 8. The inference system 130 and its sub-systems
may also be implemented using a combination of multiple computer systems as described by
FIG. 8.

[00110] In one implementation, the computer system 800 includes processing resources 801,

- 46 -
75 of 265



main memory 803, read only memory (ROM) 805, storage device 807, a communication
interface 809, and hardware accelerators 810. The computer system 800 includes at least one
processor 801 including CPU cores for processing information and a main memory 803, such as
a random-access memory (RAM) or other dynamic storage device, for storing information and
instructions to be executed by the processor 801. Main memory 803 also may be used for
storing temporary variables or other intermediate information during execution of instructions to
be executed by processor 801. The computer system 800 may also include ROM 805 or other
static storage device for storing static information and instructions for processor 801. The
storage device 807, such as a magnetic disk or optical disk or solid-state memory device, is
provided for storing information and instructions. For example, in the context of FIG. 4, the
training corpus store 460 of the inference system 130 may be stored in the read only memory
(ROM) 805 or the storage device 807. The computer system 800 also includes one or more
hardware accelerators 810. As described above, while an execution engine may be configured
with the one or more hardware accelerators 810 in a single computer system 800, in another
embodiment, an execution engine may be configured across multiple hardware accelerators 8§10
that are distributed across multiple computer systems 800.

[00111] The communication interface 809 can enable the inference system 130 to
communicate with client devices 110 through use of a communication link (wireless or wireline).
Using the communication link, the inference system 130 can communicate with the different
sub-systems included in a client device 110 to enable receiving and processing of requests. In
addition, when an execution engine is configured across multiple hardware accelerators that are
distributed across multiple computer systems 800, the communication interface 809 can also

enable communication between the multiple computer systems 800, such that an execution
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engine can process requests across the multiple hardware accelerators §10.

[00112] The computer system 800 can optionally include a display device 811, such as a
cathode ray tube (CRT), an LCD monitor, an LED monitor, a TFT display or a television set, for
example, for displaying graphics and information to a user. An input mechanism 813, such as a
keyboard that includes alphanumeric keys and other keys, can optionally be coupled to the
computer system 800 for communicating information and command selections to processor 801.
Other non-limiting, illustrative examples of input mechanisms 813 include a mouse, a trackball,
touch-sensitive screen, or cursor direction keys for communicating direction information and
command selections to processor 801 and for controlling cursor movement on display device
811.

[00113] Examples described herein are related to the use of the inference system 130 for
implementing the techniques described herein. According to one embodiment, those techniques
are performed by the inference system 130 in response to processor 801 executing one or more
sequences of one or more instructions contained in main memory 803. Such instructions may
be read into main memory 803 from another machine-readable medium, such as storage device
807. Execution of the sequences of instructions contained in main memory 803 causes
processor 801 to perform the process steps described herein. In alternative implementations,
hard-wired circuitry may be used in place of or in combination with software instructions to
implement examples described herein. Thus, the examples described are not limited to any

specific combination of hardware circuitry and software.

SUMMARY
[00114] The foregoing description of the embodiments of the invention has been presented for

the purpose of illustration; it is not intended to be exhaustive or to limit the invention to the
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precise forms disclosed. Persons skilled in the relevant art can appreciate that many
modifications and variations are possible in light of the above disclosure.

[00115] Some portions of this description describe the embodiments of the invention in terms
of algorithms and symbolic representations of operations on information. These algorithmic
descriptions and representations are commonly used by those skilled in the data processing arts
to convey the substance of their work effectively to others skilled in the art. These operations,
while described functionally, computationally, or logically, are understood to be implemented by
computer programs or equivalent electrical circuits, microcode, or the like. Furthermore, it has
also proven convenient at times, to refer to these arrangements of operations as modules, without
loss of generality. The described operations and their associated modules may be embodied in
software, firmware, hardware, or any combinations thereof.

[00116] Any of the steps, operations, or processes described herein may be performed or
implemented with one or more hardware or software modules, alone or in combination with
other devices. In one embodiment, a software module is implemented with a computer program
product comprising a computer-readable medium containing computer program code, which can
be executed by a computer processor for performing any or all of the steps, operations, or
processes described.

[00117] Embodiments of the invention may also relate to an apparatus for performing the
operations herein. This apparatus may be specially constructed for the required purposes,
and/or it may comprise a general-purpose computing device selectively activated or reconfigured
by a computer program stored in the computer. Such a computer program may be stored in a
non-transitory, tangible computer readable storage medium, or any type of media suitable for

storing electronic instructions, which may be coupled to a computer system bus. Furthermore,
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any computing systems referred to in the specification may include a single processor or may be
architectures employing multiple processor designs for increased computing capability.

[00118] Embodiments of the invention may also relate to a product that is produced by a
computing process described herein. Such a product may comprise information resulting from
a computing process, where the information is stored on a non-transitory, tangible computer
readable storage medium and may include any embodiment of a computer program product or
other data combination described herein.

Finally, the language used in the specification has been principally selected for readability and
instructional purposes, and it may not have been selected to delineate or circumscribe the
inventive subject matter. It is therefore intended that the scope of the invention be limited not
by this detailed description, but rather by any claims that issue on an application based hereon.
Accordingly, the disclosure of the embodiments of the invention is intended to be illustrative, but

not limiting, of the scope of the invention, which is set forth in the following claims.
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What is claimed is:

1. A method of dynamically executing batches of requests on one or more execution
engines running a machine-learning transformer model, comprising:
receiving, by a serving system, one or more requests for execution, the serving system
including a scheduler and one or more execution engines each coupled to access a
machine-learning transformer model including at least a set of decoders;
scheduling, by the scheduler, a batch of requests including the one or more requests for
execution on an execution engine;
generating, by the execution engine, a first set of output tokens by applying the
transformer model to a first set of inputs for the batch of requests, wherein
applying the transformer model comprises applying at least one batch operation to
one or more input tensors associated with the batch of requests;
receiving, by a request processor, a new request from a client device, the new request
including a sequence of input tokens;
scheduling, by the scheduler, a second batch of requests additionally including the new
request for execution on the execution engine, the second batch of requests
scheduled responsive to determining that the execution engine has memory
available to execute the second batch of requests; and
generating, by the execution engine, a second set of output tokens by applying the
transformer model to a second set of inputs for the second batch of requests

including the sequence of input tokens for the new request.

2. The method of claim 1, further comprising:
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responsive to determining that a request in the first batch of requests has been completed,
providing output tokens generated for the completed request to a client device as a
response to the request, and

wherein the second batch of requests includes the remaining requests from the one or

more requests and the new request.

3. The method of claim 2, wherein the request is associated with a memory cache in the
execution engine dedicated for storing an internal state for the request, and responsive to
determining that the request has been completed, freeing the dedicated memory cache for the

request in the execution engine.

4. The method of claim 1, wherein the second set of inputs include the sequence of input
tokens for the new request and an output token from the first set of output tokens for at least one
request, and wherein a length of the sequence of input tokens for the new request is different

from a length of the output token for the at least one request.

5. The method of claim 4,
wherein the execution engine includes a cache memory for maintaining a key cache
tensor for storing keys and a value cache tensor for storing values for the at least
one request, and
wherein after scheduling the second batch of requests, allocating, by the execution
engine, a new cache memory dedicated to maintaining a key cache tensor and a

value cache tensor for the new request.
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6. The method of claim 5, wherein after generating the second set of output tokens, a length
of the key cache tensor for the at least one request is different from a length of a key cache tensor
for the new request, and a length of the value cache tensor for the at least one request is different

from a length of a value cache tensor for the new request.

7. The method of claim 1, after receiving the new request from the client device,
determining, by the scheduler, that there is insufficient memory available to execute the second
batch of requests on a second execution engine different from the execution engine, and
responsive to the determination for the second execution engine, determining whether the

execution engine has the memory available to execute the second batch of requests.

8. The method of claim 1, wherein the execution engine is configured as a graphics

processing unit (GPU) or a tenor processing unit (TPU).

9. The method of claim 1, wherein each token in the sequence of input tokens represents a
text unit.
10. A non-transitory computer-readable storage medium storing computer program

instructions executable to perform operations for dynamically executing batches of requests on
one or more execution engines running a machine-learning transformer model, the operations
comprising:
receiving, by a serving system, one or more requests for execution, the serving system
including a scheduler and one or more execution engines each coupled to access a

machine-learning transformer model including at least a set of decoders;
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scheduling, by the scheduler, a batch of requests including the one or more requests for
execution on an execution engine;

generating, by the execution engine, a first set of output tokens by applying the
transformer model to a first set of inputs for the batch of requests, wherein
applying the transformer model comprises applying at least one batch operation to
one or more input tensors associated with the batch of requests;

receiving, by a request processor, a new request from a client device, the new request
including a sequence of input tokens;

scheduling, by the scheduler, a second batch of requests additionally including the new
request for execution on the execution engine, the second batch of requests
scheduled responsive to determining that the execution engine has memory
available to execute the second batch of requests; and

generating, by the execution engine, a second set of output tokens by applying the
transformer model to a second set of inputs for the second batch of requests

including the sequence of input tokens for the new request.

11. The non-transitory computer-readable storage medium of claim 10, the operations further
comprising:
responsive to determining that a request in the first batch of requests has been completed,
providing output tokens generated for the completed request to a client device as a
response to the request, and
wherein the second batch of requests includes the remaining requests from the one or

more requests and the new request.
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12. The non-transitory computer-readable storage medium of claim 11, wherein the request is
associated with a memory cache in the execution engine dedicated for storing an internal state
for the request, and responsive to determining that the request has been completed, freeing the

dedicated memory cache for the request in the execution engine.

13. The non-transitory computer-readable storage medium of claim 10, wherein the second
set of inputs include the sequence of input tokens for the new request and at least one output
token from the first set of output tokens for at least one request, and wherein a length of the
sequence of input tokens for the new request is different from a length of the at least one output

token for the at least one request.

14. The non-transitory computer-readable storage medium of claim 13,
wherein the execution engine includes a cache memory for maintaining a key cache
tensor for storing keys and a value cache tensor for storing values for the at least
one request, and
wherein after scheduling the second batch of requests, allocating, by the execution
engine, a new cache memory dedicated to maintaining a key cache tensor and a

value cache tensor for the new request.

15. The non-transitory computer-readable storage medium of claim 14, wherein after
generating the second set of output tokens, a length of the key cache tensor for the at least one
request is different from a length of a key cache tensor for the new request, and a length of the
value cache tensor for the at least one request is different from a length of a value cache tensor
for the new request.
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16. The non-transitory computer-readable storage medium of claim 10, after receiving the
new request from the client device, determining, by the scheduler, that there is insufficient
memory available to execute the second batch of requests on a second execution engine different
from the execution engine, and responsive to the determination for the second execution engine,
determining whether the execution engine has the memory available to execute the second batch

of requests.

17. The non-transitory computer-readable storage medium of claim 10, wherein the
execution engine is configured as a graphics processing unit (GPU) or a tenor processing unit

(TPU).

18. The non-transitory computer-readable storage medium of claim 10, wherein each token in

the sequence of input tokens represents a text unit.

- 56 -
85 of 265



ABSTRACT OF THE DISCLOSURE

An inference system applies a machine-learning transformer model to a batch of
requests with variable input length or variable target length or variable internal sate length by
selectively batching a subset of operations in the transformer model but processing requests in
the batch individually for a subset of operations in the transformer model. In one embodiment,
the operation to be processed individually is an attention operation of an encoder or a decoder of
the transformer model. By selective batching, the inference system can allow batching
operations to be performed for a batch of requests with variable input or target length or internal
state length to utilize the parallel computation capabilities of hardware accelerators while
preventing unnecessary computations that occur for workarounds that restrain the data of a batch

of requests to a same length.
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Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 17/542,193

Filing Date December 3, 2021

First Named Inventor Gyeongin Yu

Title Dynamic Batching for Inference System for Transformer-Based Generation
Tasks

Art Unit Not Yet Known

Examiner Name Not Yet Known

Attorney Docket Number |39192-50678/US

SIGNATURE of Applicant or Patent Practitioner

Signature /Jae Won Song/ Date (Optional) December 7’ 2021
Name Jae Won Song Eeﬁi]ité?tion 59,070
u

Title (if Applicantis a | Attorney for Applicant
juristic entity)

Applicart Name (If Applicant is a juristic entity) Seoul National University R&DB Foundation

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

/ *Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing th& ‘(o(ﬁnz 8%” 1-800-PT0O-9199 and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 44457324
Application Number: 17542193
International Application Number:
Confirmation Number: 1026

Title of Invention:

Dynamic Batching for Inference System for Transformer-Based Generation

Tasks
First Named Inventor/Applicant Name: Gyeongin Yu
Customer Number: 758

Filer:

Jae Won Song

Filer Authorized By:

Attorney Docket Number:

39192-50678/US

Receipt Date: 07-DEC-2021
Filing Date:
Time Stamp: 21:23:00

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
6824967
1 QOath or Declaration filed 50678_Declaration.pdf no 5
eb5a4b461315a2a5e5bbfbeedbf125b7494]
bdf3c
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Information:

1693313
5 Power of Attorney 50678_Powgr_of_Attorney_for o 2
_FriendliAl.pdf
3e2c4da72ce60a067191614494fc0a108939
647
Warnings:
Information:
1990927
3 Power of Attorney 50678_Power_of_Attorney_for o 2
_SNU.pdf
d7b8b08c4ef7bab9918e029767216810d78
4777a
Warnings:
Information:
Total Files Size (in bytes): 10509207

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Approved Tor use throw
LS. Patent and Trademark Office; U
Unigder the Papenvork Reduction Actof 1998, no persons are required fo respond 10 3 collection of information uriess it g bp?'a‘fg 4 va‘ad T8 control nymber.

4 DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN A
APPLICATION DATA SHEET (37 CFR 1.76) ;

f Dynamc 3a’i€‘hmg for -nfe*"em,e System for Transformen- Basem Generation Tasks

Title of
fnvention

As the below namad inventor, | heraby dedlare that:

Thia declaration [ - had srniiestionn e
s directad o i The attachad spplication, or
17/542,193

[] United States apglication or PUT infernational sppiication number

e o Cecember 3, 2021

The above-identiied application was mads or auithorized to be made by me.

f believe thal | am the onigingl inventer or an origina! joint inventor of a claimed invention i the appiication.

Phereby acknowiedge thal any willful false statement made in this declaration is punishable under 18 U.5.0. 10(1
by fine or imprisonmant of not more han five (8} vears, or both.

WARNING:

Fatitionerapplicant is cautioned 1o avold submitting personal information in documents filed in a patent application that may
oontribute to ideriity theft. Personal information such as social seournity numbers, bank acoount numbiars, or oredit oard numbers
{othey than a chack or oredit card authorization form PT(-2038 submittad for payment purposas) s never reguired by the USPFTD
to support & peliion or an application. I this fype of perstnal infarmation is included in documents submitted o the USPTQ,
getifionersfapplicants cshsum consider redacting ss‘mh personal information from the documents before submilting them fo the
USPTO. Fetitioner/applicant s advised that he record of a pstent appiication is available to the public after publication of the
application {unless a nor-publication raquest in compliancs with 37 CFR 1.243(a) s made In the application] of issuanve of s
patent. Furthermare, the record from an abandoned application may also he avalishie {0 the public Fihe application is
referenced i a publishad application or an isaued paterd {see 37 CFR 1.14). Cherks and credit card authorization farms
PTO-2038 submitted for payment plrposes are nat retained i the application file and therefore ars not publicly svailable.

LEGAL NAME OF INVENTOR

Gy@& ngire Yu ) Data {Optional -

&

fnventon

3 &
Signature: A *‘r:;f Fod e

RS

Mote: Ar application data sheet (PTOSEM 4 or equivaiend), including naming the entire nventive enlity, must accompany this form or must have
peen previously fled. Use an additionat PTO/AINGT Tom for each additional invenior.

This ooflention of information §s fequired by 3% LL8.C. 115 and 87 CFR 1.83. The information is reguired fo obtain or relain & baneifl by the publis which is o fle {and
by the USPTO to precess) an application. Gonfidentiality is governed by 35 U.S.C. 122 snd 37 OFR 111 and £.14. This eullecton is satimated 1o take 1 minule fo
compiate, inniuding gathering, prapsring, and Submitting the complztad application form 1o the USPTO e will vary depending uoon the individuat cass. Any
Lofmments on the amount of tme you require to enmplete this forsy antfor suggestions for reducing this hurden, showld be spnt io the Chigf nformation Officer, LG,
Patent snd Trademark Office, 4.8, ')e%rtfnsm of Commema, P.O. Box 1450, Alexandris, VA 22313-1450. DO NOT SENI FEESCR COMPLETER FORME T
THIS ADDRESR, SEND TO: Commissionsy for Patents, P.O. Box 1484, A?exandrsa, VA 233131450,

 vouneed assistance in sompieling the fusm, taf 1-800-FT0-81498 and select option 2
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BTN (08-12)

Approved for use theough 013 T2014. OME 0831-0032

U5, Patent and Trademark Office; U.8 DEPARTMENT OF COMMERCE

Under the Papenvork Reduchion Act of 1888, no persong are required to respend 1o a collection of information unisss i displays & valid OMB control number.

DECLARATION (37 OFR 1.83) FOR UTILITY OR DESIGN APPLICATION UBSING AN
APPLICATION DATA SHEET {37 OFR 1.78}

Tie of | Lynamic Balching for Inference System for Transformer-Baged Generation Tasks
fnvention |

As the below named inventor, { hereby dedlare that

This declaration

7T thes ‘ inati .
is dirented tor L_:l Fhe atiached application, of

177/542,193

@ United States application or PO international application number

fled o ECEMbeEr 3, 2021

The ahove-identified spplication was mads or authorized fo be made by ma.

| believe that | am the original inventor or an riginal joint inventor of a clalmed Invention in the applicatien.

| hersly ackniowiedos hat any williul falve stalement made in this dediaration is punishiable under 18 U.S.G. 1001
by fine or imprisonment of not more than five {5) years, or both.

WARNING:

Petitionsriapplicant s cautionad to avoid submitting personal information in documants filed Iy @ patent application thet may
contribute o identity theft. Personal information such as social security numbers, bank acoowd numbers, o credit card nuvibers
{other fhan a check of wradi card suthorization form PTC-2038 submitted for payment purposes} s never required by the USPTQ
i supporta petition or an application. If this type of personal information is includad in documents subniitied to the: USPTQ,
petificnavsfapplicanis shouid consider redacting soch personal information from the doocuments befors subuniiifing tham o the
USFTO. Pefitioneriapgiicant is advised that the record of & patent application 18 avaliable fo the public after publication of the
application {untess a non-publication reguiest in compliance with 37 CFR 1.213{a) is made In the application) orissuance of a
patart. Futhsrmore, the record from an abandoned application may alss be avallable to the public i the application is
referanced i @ published application or 2 issued patent (see 37 GFR 1.14). Chacks and credit sard authorization forms
BYC-2038 submisted for payment purposes are Nt retained in the application file and tharelore are nat pubiicly svaiiabla.

LEGAL NAME OF INVENTOR

inventor

353
Geon-Woo Kim Uate (Ogticnal) -

o~

Signabues:

Note: &n application data shest (PTOISE4 or squivalent, including namming the antire inventive entity, must accompany this formy or mast bave
wean praviously fled, Use an additionat PTO/AIA0T form for sach additianal invenior,

This collection of Information s required by 38 U.S.C. 115 and 37 CFR 1.83. The informalion 3 faguied ko obtain of retain a benefit by the public witich is 1o file (ang!
by e BERTY fo prosess) an spplication. Sonfidentality is governed by 35 U560, 182 and 57 GFB 1.11 and 1.04, This coliection is estimated to taks 1 minute to
compiste, including gathariog, prepating, and submitting the completad application form to the USPTG Time will vary depending upon the individued case. Any
comisns an the armsunt of s You reauine to crmplete this form andior suggestiong for reducing this burdarn, shoutsd bie sent to the Chief information Officer, WS,
Patant snd Trademark Gffice, U.8. Departmant of Soramerce, PO, Box 1450, Alsandria, VA 223131850, IO NOT SEND FEES OR COMPLETED FURMS YO
THIS ADDRESS. SEND TO: Commissiones for Patents, P.O. Box 1458, Alexandrie, VA 223131488,

¥ you nesd assislance in completing ihe form, call 1-800-FT0-8158 and sefest opien 2.
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PTOAIAGT (DB-12)

Approved for use through 0173172014, OMR 0881-0032

.8, Patent and Trademark Oifice; U8 DEPARTRENT OF COMMERCE

Linder the Paperwori Redustion Act of 1985, 1o Persons are reguired 1o respond 1o a coltection of information uniegs i dieplave & valld OMEB controlnumbes,

DECLARATION (37 CFR 1.83) FOR UTHLITY OR DESIGN APPLICATION USING AN \‘3
APPLICATION DATA BHEET (37 CFR 1.78}

Title of | LHynamie Batching for inference System for Transformer-Based Generation Tasks
bevvandion

As the below named inventos, | hereby declare that:

This jara ! - . e
s d;ggggrg(ﬁm L_i The attached application, or

17/542,183

@ United States application or PCT internadional application number

COE
fled on December 3, 2021

The above-identified application was made or authorized 1 be made by me,

} hetheve that | an the oniginal inverntor or an ariginal joint nventor of & claimed invention in the application.

| hereby acknowledge that any williul faise statemant made in this declaration s punishable wnder 18 U.8.C. 1001
ay fine or imprisohment of not more than five (8) years, or bolk,

WARNING:

Patitiorenapplisant is cautionsd to avoid submitting personal information in docurmants filad in & patent application that may
cortribute to identity theft. Pevsonal informiation such ais social securily numbers, bank account numbers, or oredil card numbers
fothver than @ chieck or credit card authorization form PTO-2038 submitted for payment purposes] is never required by the USPTO
to support & petition or an application. If this type of personal information is included In docurnents submitted o the USPTG,
petitionersfapplicants should consider redacting such personal information from the documents before submilting them 10 i
USPTO. Petiienerfapplicant is advised that the secord of a patent application is available to the public after publcation of the
application {unless a non-publication request in compliance with 37 OFR 1.213{z) s made in the apolication) or issusnca of 8
oatent. Furthermare, the record from an abandoned application may also be avaflable 1o the public Fthe application s
referancad i 2 published agplication or an issusd patent {see 37 CFR 1.14). Checks and cradil card authorization forma
PTO-2038 submitiad for payment purposes are not retained in the application fle and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Joo S@Gng Jeang Date {Optional}
R

Sy
PN

sy e
Signature: e

inventor

o

Note: An spplication dats sheat (PTOSE/14 or equivalent), includieg naming the entire inventive entity, mast accompany tris form or must have
heen previously Sled. Use an additional PTOMAIANT form for sach additional inventor.

This cotisction of information is required by 38 U180, 115 ang 37 CFR 1.63. The information is requirad 1o oblain or retain 2 henefil by the publis which is t fle {and
By the USETO to procass) s application, Confidentiatity is gavernad by 35 U.8.C. 122 and 37 OFR 141 and 1,14, This coffection is ssimated th take 1 minute to
compiete, inciuding gathering, preparing, snd submitling the completad application Torm fo the USPTO. Time will vary depending upon the individual case. Any
commments on e amount of Sme you regquins s sompigte this form andior suggestions far reduting this burden, should ba sent to the Chief information Offieer, U8,
Patent and Traderark (ffice. 1S, Department of Commerce, P.O. Hox 1450, Alexandria, VA 2231 3-1450. DO NOQT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.0. Box 1450, Aloxanddir, VA 22313-1450.

i you nead assistance in completing the fonm, cali 1 LSOO-PTCASTRE and sefect aption 2.
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PYOAIRGT (0612

Approved for use through 01312014, OMB 0851-0032

(1.3 Polant and Trademark Office; U8, DEPARTMENT OF COMMERCE

Undar the Papenwvine Reduction ACt of 1898, ne persons are requiraed to respond o a coflection of formation uniess i displays a valid QME contrel number,

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

APPLICATION DATA SHEET (3¥ CFR 1.78)

Title of | Dymama«: Batuh ing for inference System for Tvansf@rmer%ased Genef'a‘imn Tasks
bvvention |

As the below named inventor, Lhereby dedlare that

This declaration : ot
ie diractad - [j The sttached application, o

17/5642,193

@ United Biates application or POT infernational application numbsr

Descember 3, 2021

filed on

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

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

| hereby acknowiedge that any willfyl Talse statement made in this daclaration is punishabie under 18 US.C. 1801
by fine or imprisonment of not mors than five (8} years, or both.

YWARNING:

Petitionerfagplicant is cautioned to avoid submiting personal information in docoments filed in a patent application that may
sontribute 1o identity thelt. Parsanal information such as suolal security numbers, bank accourtt numbers, of cradit card numbars
{other than & check or oredit nard authorization form PTG-2038 submittad for payment purposes) is never reguired by the USPTO
fo support & petition o an application. I this type of personal information is included in documents submitied to the USPTG,
patitioners/applicants should consider redacting such personal information from the decuments before suknitting ther 1o the
USPTO. Pefitioner/appiicant is advised that the record of a patent application is avallable to the public after pu‘ﬁﬁcaismn af the
application dinlses a non-publication request in complianes with 37 CFR 1 213{8) is made in the application} or issuance of &
patent. Furthermore, the record from an standoned application may alse be available (o the public i the ap{viu,atsm is
referenced in & published appiication or an issuad patent (see 37 CFR 1.14}. Chacks and cradit sard suthiorization forms
PTO-2038 submitied for payment putposes ars not retained in the applivation # ?’ le and thersfore are not publicly available.

LEGAL NAME OF INVENTOR

Sovieong Kim

rivertorn Date {Optionaly

-

Sigraturs!

Mote: An applisation gata sheet (FTU/SBAS or equivaleny), including naming the entirs inventive enlity, must accompany this foons or must have
been praviously filed, Use an additionsl PTC/AAIAGY form for each additional invertor.

This coliection of informiation is requived by 38 U.$.C. 11¥ and 37 CFR 183. The Iioemation is requirad to oblain or retain 3 banetit by the public which is to fle (antd
by the USPTO 1o proness) an application. Condidentislity is govemad by 26 U.5.C. 122 and 37 OFR 1.11 and 1.14. This collection is estimated to take | minule fo
camplets, including gathesing, preparing, and subm:ttmg e completed application form to the USPTQ, Time will vary depending upon the individusd cass. Any
comments on the amauﬁt of ime you reguirs to complete this form andior suggestions for reducing this hurden, should be sant to the Chief information Oifficer, 4.8
Fatent and Trademark Office, U.8. Dapariment of Commeras, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS T
THIS ADDRESS. SEND TC: Commissionsr Tor Fatents, #.0. Box 1450, Alexandria, VA 23313-1450,

if you need assistance i completing the form, cali 1-800-PTO-2168 and sslect oplion 2.
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PTGHIAIGT (08-12)

Appraved for dse through 81/31/2014. OMB 08510082

1.8, Patent and Trademark Offics; LS. DEPARTMENT OF COMMERCE

Under the Pagerwork Redustion Act of 1888, no peracns are required to respond 1o a eoflection of infarmation unless it displaye 2 valid OME control numbser,

4 DECLARATION {37 CFR 1.83} FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEEY (37 CFR 1.78}

e of | Dynamic Batching for Inference System for Transformer-Based Generation Tasks
invention

As the below narned nvarntor, Thereby declare that:

This declaration [} . ——
is disacted to: i 1 The atiached application, of
17/542,183

Eﬂi United States application or PCT international application number
December 3, 2021

filed on

The above-identified application was made or authorized {o be made hy ms.

{ heliove that | e the original inventor or an original joint inventor of a claimend invention in the application.

{ hereby acknowledge that any williul false statement made in this declaration is punishable under 18 UB.C. 1001
by fine or imprisonment of not mare than five (8} years, of both.

WARNING:

Patitionerfapplicant s cautioned 1o sveid submitting personal information in documents fled In @ patent appiicalion that may
contiibide to identity theft. Parsonal information such as sodlal security numbars, bank account numbers, or credit card numbers
{otherthan & check or credit card authorization form PTC-2028 submitted Tor payment purposes) is never required by the USPTQ
1o support a petiion or an application. If this type of personal information is included in documents submitted lo the USFTO,
petilionersiappiicants should nonsider redacting such personal information from the decuments before submitting them 0 the
USPT(, Palitionerfapniinant is advised that the record of a patent application is available to the public after publication of the
apphication {uniess & nomepublication request in compliance with 37 GFR 1.213(a) is mads in the application} or issuance of a
patant, Furthermore, the record from an abandoned application may also be avallable to the public f the application is
raferanced in g publishad spplication or an issusd patent (see 37 CFR 1.14). Checks and credit card authorization Torms
PTO-2028 subnitied for payment purposes are not retained in the application file and theretore are not publicly availabls,

LEGAL NAME OF INVENTOR

inventor: Byung»Ggm Chun , Diate {Optionad) |
s ey
Signature: ":‘““ﬁ&f"’?’”ﬁ}é@’ -
e W R

Note: An application data shest (PTOMSEAS or equivalent), including naming the sntire invantive entity, must accompany this form or must fiave
heen previousty fied. Use an addiional PTOMIADT form for each additional inventor.

This coflection of information is fenuired by 55 U.5.C 115 and 37 OFR 1.83 Tha information is required to obiain of retain & benefit by he public which is e fils {sne
by the LSPTO tu procass) an application. Confidentiaiity s govered by 35 U.8.0. 122 and 87 CFR 1.4 and .94 This coliztion is estimated 1o teke 1 minuia o
compists, including gathering, preparing, and submitiii the complsted applisation form 1o the USPETO. Time will vary depending upon ihe individual case. Any
comments o the amaunt of Bime you require to complete this fotm andior suggestions for reducing this burder, shouid be sent to the Chief Information Officer, U.S.
Fatent and Trademark Office, U.8. Depsriment of Commarce, P.0. Box 1450, Alexandiia, VA 22313-1450. DONOT SEND FEES OR COMPLETED FORMSE TO

THIS ADDRESS. SEND TO: Commissioner for Patents, P.0O. Box 1450, Alexandris, VA 223134450,
¥ you need assistance i comuleting the form, call 1-800-PT0-9188 and select aplion 2.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 17/542,193
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 80 N/A
SEARCH FEE
o o o N/A N/A N/A 350 N/A
EXAMINATION FEE
N FEE N/A N/A N/A 400 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 18 minus 20= 50 - 0.00 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 2 minus 3 = 240 - 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 830 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
> a7 CF% ?.16(i)) Minus = OR
% Independent * Minus | *** = _ OR
i (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR
% Independent * Minus | *** = _ OR
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
17/542,193 12/03/2021 910 39192-50678/US 18 2
CONFIRMATION NO. 1026
758 FILING RECEIPT

SILICON VALLEY CENTER AL

801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041

Date Mailed: 12/16/2021

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Gyeongin Yu, Seoul, KOREA, REPUBLIC OF;
Geon-Woo Kim, Seoul, KOREA, REPUBLIC OF;
Joo Seong Jeong, Seoul, KOREA, REPUBLIC OF;
Soojeong Kim, Seoul, KOREA, REPUBLIC OF;
Byung-Gon Chun, Seoul, KOREA, REPUBLIC OF;
Applicant(s)
FriendliAl Inc., Seoul, KOREA, REPUBLIC OF;
Seoul National University R&DB Foundation, Seoul, KOREA, REPUBLIC OF;

Power of Attorney: The patent practitioners associated with Customer Number 00758

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

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

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

Permission to Access Application via Priority Document Exchange: Yes
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Permission to Access Search Results: Yes

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: 12/14/2021

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/542,193

Projected Publication Date: 06/08/2023

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **

Title

Dynamic Batching for Inference System for Transformer-Based Generation Tasks

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

SelectUSA

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
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758 7590 01/28/2022 | EXAMINER
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| ART UNIT | PAPER NUMBER
OPAP
| NOTIFICATION DATE | DELIVERY MODE
01/28/2022 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):
PTOC@Fenwick.com

PTOL-90A (Rev. 04/07)



Application No. Applicant(s)

17/542,193 Yuetal.
Decision Granting Request for
Prioritized Examination (Track /) Examiner Art Unit AIA (FITF) Status
APRIL M WISE OPET Yes

1. THE REQUEST FILED 03 December 2021 IS GRANTED .

The above-identified application has met the requirements for prioritized examination
A for an original nonprovisional application (Track ).
B. 0J for an application undergoing continued examination (RCE).

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A. filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendment to amend the application to contain more than four
independent claims, more than thirty total claims , or a multiple dependent claim;

filing a request for continued examination ;
filing a notice of appeal;

filing a request for suspension of action;
mailing of a notice of allowance;

mailing of a final Office action;

I o mmo O

completion of examination as defined in 37 CFR 41.102; or

abandonment of the application.

Telephone inquiries with regard to this decision should be directed to undersigned at (571)272-1642.
In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282.

{APRIL M WISE/
Paralegal Specialist, Office of Petitions

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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CERTIFICATION STATEMENT

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

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

OR

[C] That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification after
making reasonable inquiry, no item of information contained in the information disclosure statement was known to any
individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure statement.
See 37 CFR 1.97(e)(2).

[] This application relies, under 35 U.S.C. § 120, on the earlier filing date of prior application No. , filed and
the references cited therein are hereby referenced, but are not required to be provided in this application under 37 CFR §
1.98(d).

[C] seeattached certification statement.
[] Thefee set forth in 37 CFR 1.17 (p) has been submitted herewith.

XI A certification statement is not submitted herewith.

SIGNATURE

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

Signature /lae Won Song/ Date (YYYY-MM-DD) 2022-02-01

Name/Print Jae Won Song Registration Number 59,070
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Application No. Applicant(s)

17/542,193 Yuetal.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
KENNETH TANG 2199 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 12/7/21.
03 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ¥ This action is non-final.

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

4)[0) Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parre Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-18 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s) ____is/are allowed.
7) Claim(s) 1-4,7-13 and 16-18 is/are rejected.
8) Claim(s) 5-6 and 14-15 is/are objected to.
9) [J Claim(s) are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)(7J The specification is objected to by the Examiner.
11) The drawing(s) filed on 12/3/21 is/are: a)& accepted or b)(] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
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DETAILED ACTION
1. The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AlA.

2. Claims 1-18 are presented for examination.
Specification
3. The abstract of the disclosure is objected to because:

e Inthe Abstract, line 2, “internal sate” should be replaced with — internal state — to
correct the minor typographical error.

Correction is required. See MPEP § 608.01(b).

Claim Objections
4. Claims 8 and 17 are objected to because of the following informalities: “tenor” should

be replaced with — tensor -. Appropriate correction is required.

Claim Rejections - 35 USC § 103
5. The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness

rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is
not identically disclosed as set forth in section 102, if the differences between the claimed invention
and the prior art are such that the claimed invention as a whole would have been obvious before the
effective filing date of the claimed invention to a person having ordinary skill in the art to which the
claimed invention pertains. Patentability shall not be negated by the manner in which the invention
was made.
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6. Claims 1-4, 7-13, and 16-18 are rejected under 35 U.S.C. 103 as being unpatentable
over Aarts et al. (hereinafter Aarts) (US 2021/0192314 A1) in view of Chung et al. (hereinafter

Chung) (US 10,846,096 B1).

7. As to claim 1, Aarts teaches a method of dynamically executing batches of requests on
one or more execution engines running a machine-learning transformer model (dynamic batch
execution using machine learning model and training) ({0361]; [0395]; [0545]), COM prisin g:

receiving, by a serving system, one or more requests for execution, the serving system
including a scheduler (scheduler or pipeline manager 3912) and one or more execution engines each
coupled to access a machine-learning transformer model including at least a set of decoders
(machine learning systems and application including means for real-time language translation) ([0489]; [0565]);

scheduling, by the scheduler, a batch (Batch 606) of requests including the one or more
requests for execution on an execution engine ([0565]; Fig. 6);

generating, by the execution engine, a first set of output tokens by applying the
transformer model (trained machine learning model may be referred to as an output model 3816 that outputs in the
deployment) to a first set of inputs for the batch of requests (input tensor 602 with different/variable lengths of
sequence 608 relating to b1, b2, b3, b4 of batch 606), wherein applying the transformer model comprises
applying at least one batch operation to one or more input tensors associated with the batch of
requests (Fig. 6; [0541]; [0594]);

receiving, by a request processor, a new request from a client device, the new request
including a sequence of input tokens (new training data or new input data coming in to the initial model 4204, etc.)

[0566]; [0594]);
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scheduling, by the scheduler, a second batch of requests additionally including the new
request for execution on the execution engine, the second batch (batch number is greater than 1, etc.) of
requests scheduled responsive to execute the second batch of requests (/0093]-f0094]; Fig. 6; [0541];
0594]); and

generating, by the execution engine, a second set of output tokens by applying the
transformer model (trained machine learning model) to a second set of inputs for the second batch of
requests including the sequence of input tokens for the new request (Fig. 6; [0541]; [0594]).
8. Aarts does not explicitly disclose its execution of a second batch based on memory
available. However, Chung teaches batch processing of requests using a trained machine
learning model and a resource manager to determine whether there are adequate resources
available to suit the request, and if so, can provision the resources or otherwise grant access to
the corresponding portion of those resources for use for an amount specified by the request.
Furthermore, once a request is completed or pulled from a queue, the next request for the
relevant service or model will be the first new request for the next or second batch (col. 3, lines 41-
46; col. 7, lines 42-51). Aarts and Chung are analogous art with the claimed invention because they
are all in the same field of endeavor batch processing using a machine learning model. It would
have been obvious to one of ordinary skill in the art before the effective date of the application
to modify Aarts’s batch processing system/method such that it would include the feature of
executing a second batch if there is memory available, as taught and suggested in Chung’s
batch processing system/method. The suggestion/motivation for doing so would have been to

provide the predicted result of having accurate, near real-time services without significant
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degradation in performance or increase in resource requirements by providing for the batch

requests to be processed effectively using a learning model (chung - col. 3, lines 19-46).

9. As to claim 2, Aarts (j0594]) and Chung (col. 3, lines 41-46; col. 7, lines 42-51) teaches further
comprising: responsive to determining that a request in the first batch of requests has been
completed, providing output tokens generated for the completed request to a client device as a
response to the request, and wherein the second batch of requests includes the remaining

requests from the one or more requests and the new request.

10. As to claim 3, Aarts teaches wherein the request is associated with a memory cache in
the execution engine dedicated for storing an internal state for the request, and responsive to
determining that the request has been completed, freeing the dedicated memory cache for the

request in the execution engine (/0190]; [0293]; [0320]-[0321]; [0324]).

11. As to claim 4, Aarts teaches wherein the second set of inputs include the sequence of

input tokens for the new request and an output token from the first set of output tokens for at
least one request, and wherein a length of the sequence of input tokens for the new request is
different from a length of the output token for the at least one request (variable sequence lengths for a

given batch) ([0093]; [0064]; ([0406]).

12. As to claim 7, Chung teaches after receiving the new request from the client device,

determining, by the scheduler, that there is insufficient memory available to execute the
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second batch of requests on a second execution engine different from the execution engine,
and responsive to the determination for the second execution engine, determining whether the
execution engine has the memory available to execute the second batch of requests (col. 3, lines

41-46; col. 7, lines 42-51).

13. As to claim 8, Aarts teaches wherein the execution engine is configured as a graphics
processing unit (GPU) (Gpu(s) 1208) or a tenor processing unit (TPU) (tensor processing unit, TPC) ([0174];

[0280]).

14. As to claim 9, Aarts teaches wherein each token in the sequence of input tokens

represents a text unit (sequences for text string comparison) ([0406]; [0096]).

15. As to claim 10, it is rejected for the same reasons as stated in the rejection of claim 1.
16. As to claim 11, it is rejected for the same reasons as stated in the rejection of claim 2.
17. As to claim 12, it is rejected for the same reasons as stated in the rejection of claim 3.
18. As to claim 13, it is rejected for the same reasons as stated in the rejection of claim 4.
19. As to claim 16, it is rejected for the same reasons as stated in the rejection of claim 7.
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20. As to claim 17, it is rejected for the same reasons as stated in the rejection of claim 8.

21. As to claim 18, it is rejected for the same reasons as stated in the rejection of claim 9.

Allowable Subject Matter
22. Claims 5-6 and 14-15 are objected to as being dependent upon a rejected base claim,
but would be allowable if rewritten in independent form including all of the limitations of the

base claim and any intervening claims.

Conclusion
23. The prior art made of record and not relied upon is considered pertinent to applicant's
disclosure:
e Choi et al. (“PREMA: A Predictive Multi-task Scheduling Algorithm For Preemptible
Neural Processing Units”, 2020) teaches a deep neural network (DNN) based machine
learning algorithms with variable sequence lengths of data.
24, Any inquiry concerning this communication or earlier communications from the
examiner should be directed to KENNETH TANG whose telephone number is (571)272-3772.
The examiner can normally be reached Monday-Friday 7AM-3PM.

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.

124 of 265



Application/Control Number: 17/542,193 Page 8
Art Unit: 2199

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Lewis Bullock can be reached on 571-272-3759. 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 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.

/KENNETH TANG/
Primary Examiner, Art Unit 2199
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AND schedul$4 AND NO, NZ, PH, PL, PT,

(token decod$4 RO, RS, RU, SE, SG,

transform$4)).ab ti,cim. [SI, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L10 21 ((718/1.ccls.) (US-PGPUB; USPAT; |OR ON ON 2022/01/31
(GO6F9/4881 USOCR; FIT (AP, AT, 04:51 PM
GO6N20/00 AU, BE, BG, BR, BY,

GO6F9/5016 GOB6N5/04 [CA, CH, CN, CS, CU,
GO6N3/0454 CZ, DD, DK, EA, EE,
GO6N3/08).cpc.) AND [ES, FI, FR, GB, HR,
(batch$4 AND (ai HU, ID, IE, IL, IS, IT,
"artificial intelligence" JP, KR, LT, LU, LV,
(machine ADJ learn$4)) |MA, MC, MD, MY, NL,
AND schedul$4 AND NO, NZ, PH, PL, PT,
(token decod$4 RO, RS, RU, SE, SG,
transform$4)).ab ti,cim. [SI, SK, SU, TH, TN, TR,
AND @ad<"20211203" [TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L11 5 ((718/1.ccls.) (US-PGPUB; USPAT) |OR ON ON 2022/01/31
(GO6F9/4881 04:51 PM
GO6N20/00
GO6F9/5016 GOBN5/04
GO6N3/0454
GO6N3/08).cpc.) AND
(batch$4 AND (ai
"artificial intelligence"

(machine ADJ learn$4))
AND schedul$4 AND
(token decod$4
transform$4)).ab.ti,cim.
AND @ad<"20211203"

L12 5 ((718/1.ccls.) (US-PGPUB; USPAT) |OR ON ON 2022/01/31
(GO6F9/4881 04:52 PM
GO6N20/00
GO6F9/5016 GOBN5/04
GO6N3/0454
GO6N3/08).cpc.) AND
(batch$4 AND (ai
"artificial intelligence"

(machine ADJ learn$4))
AND schedul$4 AND
(token decod$4
transform$4)).ab.ti,cim.
AND @ad<"20211203"
AND (text word)

L13 4 ((718/1.ccls.) (US-PGPUB; USPAT) |OR ON ON 2022/01/31
(GO6F9/4881 04:52 PM
GO6N20/00
GO6F9/5016 GOBN5/04
GO6N3/0454
GO6N3/08).cpc.) AND
(batch$4 AND (ai
"artificial intelligence"

(machine ADJ learn$4))
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L14

L15

L16

L17

L18

4800

2122

AND schedul$4 AND
(token decod$4
transform$4)).ab.ti,cim.
AND @ad<"20211203"
AND (text word) AND
key

("2020/0341997").urpn.
AND (PGPB | USPT |
USOC).dbnm.

((718/1.ccls.)
(G06F9/4881
GO06N20/00
GO06F9/5016 GOB6N5/04
GO6N3/0454
GO06N3/08).cpc.) AND
(batch$4 AND (ai
"artificial intelligence"
(machine ADJ learn$4))
AND schedul$4 AND
(token decod$4
transform$4)).ab.ti,cim.
AND @ad<"20211203"
AND (text word) AND
key AND sequence

((718/1.ccls.)
(G06F9/4881
GO06N20/00
GO06F9/5016 GOB6N5/04
GO6N3/0454
GO06N3/08).cpc.) AND
(batch$4 AND (ai
"artificial intelligence"
(machine ADJ learn$4))
AND schedul$4 AND
(token decod$4
transform$4)).ab.ti,cim.
AND @ad<"20211203"
AND (text word) AND
key AND sequence
AND tensor

((718/1.ccls.)
(GO6F9/4881
GOBN20/00
GO06F9/5016 GOB6N5/04
GOBN3/0454
GO06N3/08).cpc.) AND
batch$4 AND decod$4
AND @ad<"20211203"

((718/1.ccls.)
(GO6F9/4881
GOBN20/00
GO06F9/5016 GOB6N5/04
GOBN3/0454
GO06N3/08).cpc.) AND
batch$4 AND decod$4
AND @ad<"20211203"

(US-PGPUB; USPAT:
USOCR)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2022/01/31
04:52 PM

2022/01/31
04:53 PM

2022/01/31
04:54 PM

2022/01/31
04:57 PM

2022/01/31
04:57 PM
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L19

L20

L21

L22

L23

708

656

232

40

38

AND schedul$4

((718/1.ccls.)
(GO6F9/4881
GO6N20/00
GO06F9/5016 GO6N5/04
GO6N3/0454
GO6N3/08).cpc.) AND
batch$4 AND decod$4
AND @ad<"20211203"
AND schedul$4 AND
tensor

((718/1.ccls.)
(GOBF9/4881
GO06N20/00
GO06F9/5016 GO6N5/04
GO6N3/0454
GO6N3/08).cpc.) AND
batch$4 AND decod$4
AND @ad<"20211203"
AND schedul$4 AND
tensor AND (gpu tpu)

((718/1.ccls.)
(GOBF9/4881
GO06N20/00
GO06F9/5016 GO6N5/04
GO6N3/0454
GO6N3/08).cpc.) AND
batch$4 AND decod$4
AND @ad<"20211203"
AND schedul$4 AND
tensor AND (gpu tpu)
AND length

((718/1.ccls.)
(GOBF9/4881
GO06N20/00
GO06F9/5016 GO6N5/04
GO6N3/0454
GO6N3/08).cpc.) AND
batch$4 AND decod$4
AND @ad<"20211203"
AND schedul$4 AND
tensor AND (gpu tpu)
AND (length near5
(tensor key cache
request different))

((718/1.ccls.)
(GOBF9/4881
GO06N20/00
GO06F9/5016 GO6N5/04
GO6N3/0454
GO6N3/08).cpc.) AND
batch$4 AND decod$4
AND @ad<"20211203"
AND schedul$4 AND
tensor AND (gpu tpu)
AND (length near5

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2022/01/31
04:57 PM

2022/01/31
04:57 PM

2022/01/31
04:57 PM

2022/01/31
04:58 PM

2022/01/31
05:02 PM
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(tensor key cache
request different)) AND
decoder
L24 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/01/31
AND (tpu gpu) 05:13 PM
L25 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/01/31
AND length 05:16 PM
L26 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/01/31
AND (key AND cache) 05:17 PM
L27 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/01/31
AND (tensor WITH 05:18 PM
cache)
L28 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND (dynamic$4 02:56 PM
(batch$4 WITH request)
(learn$4 transform$4))
L29 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND batch$4 02:59 PM
L30 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND decod$4 03:03 PM
L31 7 ("20200285977" (US-PGPUB; USPAT) |OR ON ON 2022/02/02
"20200285912" 03:40 PM
"20190220703"
"20210240825"
"20190138934"
"20210240826"
"20210185066").pn.
AND ((variable
different) near5 length)
L32 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND cache 04:11 PM
L33 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND (cache SAME (key 04:12 PM
tensor length value
request batch))
L34 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND (gpu tpc tcu) 04:15 PM
L35 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND (token sequence 04:17 PM
text)
L36 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND insufficien$4 04:19 PM
L37 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND availab$4 04:19 PM
L38 1 ("2021/0192314").urpn. |(US-PGPUB; USPAT; |OR ON ON 2022/02/02
AND (PGPB | USPT| [USOCR) 04:23 PM
USOC).dbnm.
L39 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND transform$4 05:11 PM
L40 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND availab$4 05:20 PM
L41 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
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AND weight 10:53 PM

L42 0 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND (decoder SAME 10:55 PM
(model learn$4 ai))

L43 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND (decoder AND 10:55 PM
(model learn$4 ai))

L44 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND (decoder AND 10:56 PM
(model learn$4 ai
translat$4 transform$4))

L45 0 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND (decoder SAME 10:56 PM
(model learn$4 ai
translat$4 transform$4))

L46 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND (decoder AND 10:56 PM
(model learn$4 ai
translat$4 transform$4))

L47 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND (schedul$4 AND 11:06 PM
(model learn$4 ai
translat$4 transform$4))

L48 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND (schedul$4 SAME 11:06 PM
(model learn$4 ai
translat$4 transform$4))

L49 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND (schedul$4 WITH 11:12 PM
(batch request))

L50 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND batch 11:13 PM

L51 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/02
AND (output WITH 11:16 PM
(token model
transform$4 translat$4
learn$4 batch request))

L52 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/03
AND length 03:45 PM

L53 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/03
AND ((new second) 03:47 PM
WITH (request batch))

L54 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/03
AND (split$4 04:00 PM
concatenat$4)

L55 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/02/03
AND cache 04:06 PM

L56 0 "20190251418".pn. (US-PGPUB) OR ON ON 2022/02/03
AND ((memory 04:34 PM
resource) WITH
(sufficent insufficient
enough availab$4))

L57 0 "20190251418".pn. (US-PGPUB) OR ON ON 2022/02/03
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L58 1

L59 1

L60 1

L61 146

L62 10

L63 10

L64 9

L65 14

AND ((memory
resource) SAME
(sufficent insufficient
enough availab$4))

"20190251418".pn.
AND ( (sufficent
insufficient enough
availab$4))

"20210192314" pn.
AND remain$4

"20210192314".pn.
AND (second new)

(GOBF9/5016).cpc. AND
(GOBN3/0454
GOBN5/04).cpc. AND
(GOBN20/00
GOBN3/08).cpe.

(GO6F9/5016).cpc. AND
(GO6N3/0454
GO6N5/04).cpc. AND
(GO6N20/00
GO6N3/08).cpc. AND
decoder

(GO6F9/5016).cpc. AND
(GO6N3/0454
GO6N5/04).cpc. AND
(GO6N20/00
GO6N3/08).cpc. AND
decoder AND
@ad<"20211203"

(GO06F9/5016).cpc. AND
(GOBN3/0454
GO6N5/04).cpc. AND
(GOB6N20/00
GO6N3/08).cpc. AND
decoder AND
@ad<"20211203" AND
((availab$4 sufficien$4
insufficien$4 threshold)
near4 (capacity memory
resource))

("20210192287"
"20200364088"
"20180314249"
"20210303481"
"20210326176"
"20200293456"
"20210390058"
"20210142438"
"20210191868"
"20210349831"
"20210279837"
"11216717"
"20200043123"
"20210390460").pn.

(US-PGPUB)

(US-PGPUB)

(US-PGPUB)

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

04:34 PM

2022/02/03
04:34 PM

2022/02/03
04:35 PM

2022/02/03
04:37 PM

2022/02/04
03:02 PM

2022/02/04
03:02 PM

2022/02/04
03:02 PM

2022/02/04
03:11 PM

2022/02/04
03:19 PM

02/04/2022 05:36:37 PM
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L66

L67

L68

14

AND (decod$4
normaliz$4 learn$4
batch$4 weight
sufficien$4 insufficien$4
threshold availab$4
length split$4
concaten$4 cache)

("20210192287"
"20200364088"
"20180314249"
"20210303481"
"20210326176"
"20200293456"
"20210390058"
"20210142438"
"20210191868"
"20210349831"
"20210279837"
"11216717"
"20200043123"
"20210390460").pn.
AND (decod$4
normaliz$4 learn$4
batch$4 weight length
split$4 concaten$4)
AND ((memory
resource cache) near4
(availab$4 sufficien$4
insufficien$4 threshold))

("20210192287"
"20200364088"
"20180314249"
"20210303481"
"20210326176"
"20200293456"
"20210390058"
"20210142438"
"20210191868"
"20210349831"
"20210279837"
"11216717"
"20200043123"
"20210390460").pn.
AND (decod$4
normaliz$4 learn$4
batch$4 weight length
split$4 concaten$4)
AND ((memory
resource cache) near4
(availab$4 sufficien$4
insufficien$4 threshold))
AND GO06F9/5016.pn.

("20210192287"
"20200364088"
"20180314249"
"20210303481"
"20210326176"

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/02/04
03:34 PM

2022/02/04
03:34 PM

2022/02/04
03:35 PM

02/04/2022 05:36:37 PM
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L69 6

L70 3

"20200293456"
"20210390058"
"20210142438"
"20210191868"
"20210349831"
"20210279837"
"11216717"
"20200043123"
"20210390460").pn.
AND (decod$4
normaliz$4 learn$4
batch$4 weight length
split$4 concaten$4)
AND ((memory
resource cache) near4
(availab$4 sufficien$4
insufficien$4 threshold))
AND (batch$4
schedul$4 tensor token
tranform$4 model
learn$4).ab.ti,cim.

("20210192287"
"20200364088"
"20180314249"
"20210303481"
"20210326176"
"20200293456"
"20210390058"
"20210142438"
"20210191868"
"20210349831"
"20210279837"
"11216717"
"20200043123"
"20210390460").pn.
AND (decod$4
normaliz$4 learn$4
batch$4 weight length
split$4 concaten$4)
AND ((memory
resource cache) near4
(availab$4 sufficien$4
insufficien$4 threshold))
AND (batch$4
schedul$4 tensor token
tranform$4 model
learn$4).ab,ti,cilm. AND
decoder

("20210192287"
"20200364088"
"20180314249"
"20210303481"
"20210326176"
"20200293456"
"20210390058"
"20210142438"
"20210191868"

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

ON

ON

ON

ON

2022/02/04
03:36 PM

2022/02/04
03:46 PM

02/04/2022 05:36:37 PM
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L71

L72

L73

L74

L75

L76

11534

"20210349831"
"20210279837"
"11216717"
"20200043123"
"20210390460").pn.
AND (decod$4
normaliz$4 learn$4
batch$4 weight length
split$4 concaten$4)
AND ((memory
resource cache) near4
(availab$4 sufficien$4
insufficien$4 threshold))
AND (batch$4
schedul$4 tensor token
tranform$4 model
learn$4).ab,ti,cilm. AND
decoder AND keys

("10846096"
"20210334134"
"20210232399"
"9652287").pn. AND
(new WITH (request
batch))

("10846096").pn. AND
(new WITH (request
batch)) AND (memory
resource capacity)
WITH (availab$4
sufficien$4 insufficien$4
threshold)

("10846096").pn. AND
(new WITH (request
batch)) AND ((memory
resource capacity)
WITH (availab$4
sufficien$4 insufficien$4
threshold))

"20210192314" pn.
AND new

"20210192314" pn.
AND (availab$4
sufficien$4 insufficien$4
threshold)

((variable different)
near4 length) AND L7

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB)

(US-PGPUB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2022/02/04
04:35 PM

2022/02/04
04:38 PM

2022/02/04
04:38 PM

2022/02/04
04:48 PM

2022/02/04
04:58 PM

2022/02/04
05:24 PM

02/04/2022 05:36:37 PM

Workspace: 17542193

142 of 265

Page 10 of 16

KT




((variable different)
near4 length) AND L7
AND learn$4

((variable different)
near4 length) AND L7
AND learn$4 AND
tensor

((variable different)
near4 length) AND L7
AND learn$4 AND
tensor AND batch$4

((variable different)
near4 length) AND L7
AND learn$4 AND
tensor AND
batch$4.ab.ti,.cim.

TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/02/04
05:24 PM

2022/02/04
05:24 PM

2022/02/04
05:25 PM

2022/02/04
05:25 PM

L77 9301
L78 835
L79 430
L80 93
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NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L81 92 ((variable different) (US-PGPUB; USPAT; |OR ON ON 2022/02/04
near4 length) AND L7 |USOCR; FIT (AP, AT, 05:25 PM
AND learn$4 AND AU, BE, BG, BR, BY,
tensor AND CA, CH, CN, CS, CU,
batch$4.ab.ti,clm. AND |CZ, DD, DK, EA, EE,

@ad<"20211203" ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L82 1 ((variable different) (US-PGPUB; USPAT; |OR ON ON 2022/02/04
near4 length) AND L7 |USOCR; FIT (AP, AT, 05:25 PM
AND learn$4 AND AU, BE, BG, BR, BY,
tensor AND CA, CH, CN, CS, CU,
batch$4.ab.ti,clm. AND |CZ, DD, DK, EA, EE,

@ad<"20211203" AND |ES, FI, FR, GB, HR,

(key near3 (cache HU, ID, IE, IL, IS, IT,

tensor)) JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L83 70 ((variable different) (US-PGPUB; USPAT; |OR ON ON 2022/02/04
near4 length) AND L7 |USOCR; FIT (AP, AT, 05:26 PM
AND learn$4 AND AU, BE, BG, BR, BY,
tensor AND CA, CH, CN, CS, CU,
batch$4.ab.ti,clm. AND |CZ, DD, DK, EA, EE,

@ad<"20211203" AND |ES, FI, FR, GB, HR,

(decod$4 transform$4) |HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L84 0 ((variable different) (DERWENT) OR ON ON 2022/02/04
near4 length) AND L7 05:26 PM
AND learn$4 AND
tensor AND
batch$4.ab.ti,cim. AND
@ad<"20211203" AND
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L85

L86

L87

L88

L89

L90

L91

410

51

51

23

30

32

(decod$4 transform$4)

batch$4 AND learn$4
AND (decod$4
transform$4)

batch$4 AND learn$4
AND (decod$4
transform$4) AND L7

batch$4 AND learn$4
AND (decod$4
transform$4) AND L7
AND @ad<"20211203"

batch$4 AND learn$4
AND (decod$4
transform$4) AND L7
AND @ad<"20211203"
AND (weight tensor gpu
length tpu tcu)

batch$4 AND learn$4
AND (decod$4
transform$4) AND L7
AND @ad<"20211203"
AND (weight tensor gpu
length tpu normaliz$4
tcu)

batch$4 AND learn$4
AND (decod$4
transform$4) AND L7
AND @ad<"20211203"
AND (weight tensor gpu
length tpu normaliz$4
tcu) AND batch ti.

(Artificial Intelligence)
More Like:
US-20210216870-A1

Text:

(CA-2975251-C OR
US-10417562-B2 OR
JP-2021192251-A OR
JP-6653343-B2 OR US-
10902319-B2 OR US-
20200012942-A1 OR
US-20210357756-A1
OR JP-6935542-B2 OR
US-20200234127-A1
OR AU-2019200309-B2
OR US-20200057924-
A1 OR US-10628710-
B2 OR US-
20160217368-A1 OR
KR-102204286-B1 OR
JP-2020506488-A OR
CN-107278310-A OR
JP-6876814-B2 OR
CN-108537326-A OR
KR-102300614-B1 OR

(DERWENT)

(DERWENT)

(DERWENT)

(DERWENT)

(DERWENT)

(DERWENT)

(US-PGPUB; USPAT:
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, I, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2022/02/04
05:27 PM

2022/02/04
05:27 PM

2022/02/04
05:27 PM

2022/02/04
05:28 PM

2022/02/04
05:28 PM

2022/02/04
05:29 PM

2022/02/04
05:30 PM

02/04/2022 05:36:37 PM
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EP-3251059-B1).did.
L92 1 ("2021/0192314").urpn. |(US-PGPUB; USPAT; |OR ON ON 2022/02/04
AND (PGPB | USPT | USOCR) 05:30 PM
USOC).dbnm.
L93 110173 (GOB6N3/0454 (US-PGPUB; USPAT; |OR ON ON 2022/02/04
GO6N5/04).cpc. AND USOCR; FIT (AP, AT, 05:32 PM
(GO6N20/00 AU, BE, BG, BR, BY,
GO6N3/08).cpc. CA, CH, CN, CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)
Lo94 5802 (GOB6N3/0454 (US-PGPUB; USPAT; |OR ON ON 2022/02/04
GO6N5/04).cpc. AND USOCR; FIT (AP, AT, 05:32 PM
(GO6N20/00 AU, BE, BG, BR, BY,
GO6N3/08).cpc. AND CA, CH, CN, CS, CU,
batch$4.ab.ti,.cim. CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)
L95 5802 (GOB6N3/0454 (US-PGPUB; USPAT; |OR ON ON 2022/02/04
GO6N5/04).cpc. AND USOCR; FIT (AP, AT, 05:32 PM
(GO6N20/00 AU, BE, BG, BR, BY,
GO6N3/08).cpc. AND CA, CH, CN, CS, CU,
batch$4.ab.ti,clm. AND |CZ, DD, DK, EA, EE,
@ad<"20211203" ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)
L96 701 (GOB6N3/0454 (US-PGPUB; USPAT; |OR ON ON 2022/02/04
GO6N5/04).cpc. AND USOCR; FIT (AP, AT, 05:32 PM
(GO6N20/00 AU, BE, BG, BR, BY,
GO6N3/08).cpc. AND CA, CH, CN, CS, CU,
batch$4.ab.ti,clm. AND |CZ, DD, DK, EA, EE,
@ad<"20211203" AND (ES, FI, FR, GB, HR,
tensor HU, ID, IE, IL, IS, IT,
02/04/2022 05:36:37 PM 146 of 265 Page 14 of 16
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JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L97 15 (GO6N3/0454 (US-PGPUB; USPAT; |OR ON ON 2022/02/04
GO6N5/04).cpc. AND USOCR; FIT (AP, AT, 05:33 PM
(GO6N20/00 AU, BE, BG, BR, BY,

GO6N3/08).cpc. AND CA,CH,CN, CS, CU,
batch$4.ab,ti,clm. AND |CZ, DD, DK, EA, EE,
@ad<"20211203" AND |ES, FI, FR, GB, HR,
tensor AND (variable HU, ID, IE, IL, IS, IT,
near4 length) JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L98 1 (GO6N3/0454 (US-PGPUB; USPAT) |OR ON ON 2022/02/04
GO6N5/04).cpc. AND 05:33 PM
(GO6N20/00
GO6N3/08).cpc. AND
batch$4.ab.ti,cim. AND
@ad<"20211203" AND
tensor AND (variable
near4 length)

L99 0 (GO6N3/0454 (US-PGPUB; USPAT) |OR ON ON 2022/02/04
GO6N5/04).cpc. AND 05:33 PM
(GO6N20/00
GO6N3/08).cpc. AND
(batch WITH variable
WITH length WITH
request)

L100 3 (batch WITH variable (US-PGPUB; USPAT) |OR ON ON 2022/02/04
WITH length WITH 05:33 PM
request)

L101 25 (batch$4 near3 request) | (US-PGPUB; USPAT) |OR ON ON 2022/02/04
AND (variable WITH 05:34 PM
length WITH (model
learn$4))

L102 22 batch$4 WITH (US-PGPUB; USPAT; |OR ON ON 2022/02/04
dynamic$4 WITH USOCR; FIT (AP, AT, 05:35 PM
(inference nerual AU, BE, BG, BR, BY,
learn$4) WITH CA,CH,CN, CS, CU,

(transform$4 decod$4) |CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
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L103 22

L104 1

L102 AND

@ad<"20211203"

L102 AND

@ad<"20211203"

Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT)

OR

OR

ON

ON

ON

ON

2022/02/04
05:36 PM

2022/02/04
05:36 PM

PE2E SEARCH - Search History (Interference)

There are no Interference searches to show.

02/04/2022 05:36:37 PM
Workspace: 17542193
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2/1/22, 11:46 AM

Web Search History

date, time

web site

Prior Art Web Search Printable History Generator

search string

2/1/2022 11:39:14 AM

Google
Patents

Keyword Group 1
[batch scheduler and learning]

2/1/2022 11:39:23 AM

Google
Patents

Keyword Group 1
[batch]

2/1/2022 11:39:25 AM

Google
Patents

Keyword Group 1
[batch]
Keyword Group 2

[scheduler]

2/1/2022 11:39:32 AM

Google
Patents

Keyword Group 1
[batch]
Keyword Group 2

[scheduler]
Keyword Group 3
[learning]

2/1/2022 11:39:35 AM

Google
Patents

Keyword Group 1
[batch]
Keyword Group 2
[scheduler]
Keyword Group 3
[learning] OR ["deep learning"]

2/1/2022 11:39:41 AM

Google
Patents

Keyword Group 1
[batch]
Keyword Group 2

[scheduler]
Keyword Group 3

[learning] OR ["deep learning"] OR [“artificial intelligence"]

2/1/2022 11:39:54 AM

Google
Patents

Keyword Group §
[batch]
Keyword Group 2

[scheduler]
Keyword Group 3

[learning] OR ["deep learning"] OR [“artificial intelligence"]

Keyword Group 4
[length]
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2/1/22, 11:46 AM

date, time

web site

Prior Art Web Search Printable History Generator

search string

2/1/2022 11:40:00 AM

Google
Patents

Keyword Group 1
[batch]
Keyword Group 2
[scheduler]
Keyword Group 3
[learning] OR ["deep learning"] OR [“artificial intelligence"]
Keyword Group 4
[length]
Keyword Group 3
[gpu]

2/1/2022 11:40:01 AM

Google
Patents

Keyword Group 1
[batch]
Keyword Group 2
[scheduler]
Keyword Group 3
[learning] OR ["deep learning"] OR [“artificial intelligence"]
Keyword Group 4
[length]
Keyword Group 3
[gpu] OR [tpu]

2/1/2022 11:40:14 AM

Google
Patents

Kevword Group |
[batch]
Keyword Group £
[scheduler]
Keyword Group 3
[learning] OR ["deep learning"] OR [“artificial intelligence"]
Keyword Group 4
[length]
Keyword Group 3
[gpu] OR [tpu]
Keyword Group 6
[toekn]

2/1/2022 11:40:16 AM

Google
Patents

Keyword Group 1
[batch]
Keyword Group 2
[scheduler]
Keyword Group 3
[learning] OR ["deep learning"] OR [“artificial intelligence"]
Keyword Group 4
[length]
Keyword Group 5
[gpu] OR [tpu]
Keyword Group 6
[token]
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2/1/22, 11:46 AM

date, time

web site

Prior Art Web Search Printable History Generator

search string

2/1/2022 11:40:17 AM

Google
Patents

Keyword Group 1
[batch]
Keyword Group 2
[scheduler]
Keyword Group 3
[learning] OR ["deep learning"] OR [“artificial intelligence"]
Keyword Group 4
[length]
Keyword Group 3
[gpu] OR [tpu]
Keyword Group &
[token] OR [text]

2/1/2022 11:40:44 AM

Google
Patents

Keyword Group 1
[batch]
Kevword Group 2
[scheduler]
Keyword Group 3
[learning] OR ["deep learning"] OR [“artificial intelligence"]
Keyword Group 4
[length]
Keyword Group 3
[gpu] OR [tpu]
Keyword Group &
[token] OR [text]
Before
Priority Date: priority:20211203

2/1/2022 11:41:15 AM

Google
Patents

Keyword Group §
[batch]
Keyword Group 2
[scheduler]
Keyword Group 3
[learning] OR ["deep learning"] OR [“artificial intelligence"] OR
["machine learning"]
Keyword Group 4
[length]
Keyword Group 5
[gpu] OR [tpu]
Keyword Group 6
[token] OR [text]
Before
Priority Date: priority:20211203
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2/1/22, 11:46 AM

date, time web site

Prior Art Web Search Printable History Generator

search string

2/1/2022 11:41:34 AM  Google
Patents

Keyword Group 1
[batch]
Keyword Group 2
[scheduler]
Keyword Group 3
[learning] OR ["deep learning"] OR [“artificial intelligence"] OR
["machine learning"]
Keyword Group 4
[length]
Keyword Group 5
[gpu] OR [tpu]
Keyword Group 6
[token] OR [text]
Keyword Group 7
[decoder]
Before
Priority Date: priority:20211203

2/1/2022 11:41:40 AM  Google
Patents

Keyword Group 1
[batch]
Kevword Group 2
[scheduler]
Keyword Group 3
[learning] OR ["deep learning"] OR [“artificial intelligence"] OR
["machine learning"]
Keyword Group 4
[length]
Keyword Group §
[gpu] OR [tpu]
Keyword Group §
[token] OR [text]
Keyword Group 7
[decoder] OR [translation]
Bafore
Priority Date: priority:20211203

152 of 265

chrome-extension://ddfifhcjiiecmopfdeoljbpabeajfmih/historyGenerator.html

477



2/1/22, 11:46 AM

date, time web site

Prior Art Web Search Printable History Generator

search string

2/1/2022 11:41:52 AM  Google
Patents

Keyword Group 1
[batch]
Keyword Group 2
[scheduler]
Keyword Group 3
[learning] OR ["deep learning"] OR [“artificial intelligence"] OR
["machine learning"]
Keyword Group 4
[length]
Keyword Group 5
[gpu] OR [tpu]
Keyword Group 6
[token] OR [text]
Keyword Group 7
[decoder] OR [translation] OR [encoder]
Before
Priority Date: priority:20211203

2/1/2022 11:42:28 AM  Google
Patents

Keyword Group 1
[batch]
Kevword Group 2
[scheduler]
Keyword Group 3
[learning] OR ["deep learning"] OR [“artificial intelligence"] OR
["machine learning"]
Keyword Group 4
[length]
Keyword Group §
[gpu] OR [tpu]
Keyword Group §
[token] OR [text]
Keyword Group 7
[decoder] OR [translation] OR [encoder]
Keyword Group 8
[memory]
Before
Priority Date: priority:20211203
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2/1/22, 11:46 AM

date, time web site

Prior Art Web Search Printable History Generator

search string

2/1/2022 11:42:43 AM  Google
Patents

Keyword Group 1
[batch]
Keyword Group 2
[scheduler]
Keyword Group 3
[learning] OR ["deep learning"] OR [“artificial intelligence"] OR
["machine learning"]
Keyword Group 4
[length]
Keyword Group 5
[gpu] OR [tpu]
Keyword Group 6
[token] OR [text]
Keyword Group 7
[decoder] OR [translation] OR [encoder]
Keyword Group 8
[memory] OR [cache]
Before
Priority Date: priority:20211203

2/1/2022 11:42:46 AM  Google
Patents

Keyword Group 1
[batch]
Keyword Group 2
[scheduler]
Keyword Group 3
[learning] OR ["deep learning"] OR [“artificial intelligence"] OR
["machine learning"]
Keyword Group 4
[length]
Keyword Group 3
[gpu] OR [tpu]
Keyword Group &
[token] OR [text]
Keyword Group 7
[decoder] OR [translation] OR [encoder]
Keyword Group 8
[memory] OR [cache]
Patent Office{s)
[US]
Before
Priority Date: priority:20211203
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2/1/22, 11:46 AM

date, time web site

Prior Art Web Search Printable History Generator

search string

2/1/2022 11:43:05 AM  Google
Patents

Keyword Group 1
[batch]
Keyword Group 2
[scheduler]
Keyword Group 3
[learning] OR ["deep learning"] OR [“artificial intelligence"] OR
["machine learning"]
Keyword Group 4
[length]
Keyword Group 5
[gpu] OR [tpu]
Keyword Group 6
[token] OR [text]
Keyword Group 7
[decoder] OR [translation] OR [encoder]
Keyword Group 8
[memory] OR [cache] OR [insufficient]
Patent Offices
[US]
Before
Priority Date: priority:20211203

2/1/2022 11:46:20 AM  Google
Scholar

batch scheduler learning,"deep learning”,"artificial

intelligence”,"machine learning" length gpu,tpu token,text
decoder,translation,encoder memory,cache,insufficient
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AMENDMENTS TO THE SPECIFICATION

Please amend the Abstract of the Disclosure as shown below:

An inference system applies a machine-learning transformer model to a batch of requests

with variable input length or variable target length or variable internal [[sate]]_state length by

selectively batching a subset of operations in the transformer model but processing requests in
the batch individually for a subset of operations in the transformer model. In one embodiment,
the operation to be processed individually is an attention operation of an encoder or a decoder of
the transformer model. By selective batching, the inference system can allow batching
operations to be performed for a batch of requests with variable input or target length or internal
state length to utilize the parallel computation capabilities of hardware accelerators while
preventing unnecessary computations that occur for workarounds that restrain the data of a batch

of requests to a same length.
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AMENDMENTS TO THE CLAIMS
All pending claims, along with a current status of each, are reproduced below. If

indicated, please amend the claims accordingly.

1. (Currently Amended) A method of dynamically executing batches of requests on
one or more execution engines running a machine-learning transformer model, comprising:

receiving, by a serving system, one or more requests for execution, the serving system
including a scheduler and one or more execution engines each coupled to access a
machine-learning transformer model including at least a set of decoders;

scheduling, by the scheduler, a batch of requests including the one or more requests for
execution on an execution engine;

generating, by the execution engine, a first set of output tokens by applying the
transformer model to a first set of inputs for the batch of requests, wherein
applying the transformer model comprises applying at least one batch operation to
one or more input tensors associated with the batch of requests;

receiving, by a request processor, a new request from a client device, the new request
including a sequence of input tokens;

scheduling, by the scheduler, a second batch of requests additionally including the new
request for execution on the execution engine, the second batch of requests
scheduled responsive to determining that the execution engine has memory

available to execute the second batch of requests, wherein in a second set of

inputs for the second batch of requests, a length of the sequence of input tokens

for the new request is different from a length of an input for at least one request

other than the new request; and

3
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generating, by the execution engine, a second set of output tokens by applying the

transformer model to [[a]] the second set of inputs for the second batch-ef

ncludingd ors fop |

2. (Currently Amended) The method of claim 1, further comprising:

responsive to determining that a request in the first batch of requests has been completed,
providing output tokens generated for the completed request to a client device as a
response to the request, and

wherein the second batch of requests includes at least one of the remaining requests from

the one or more requests and the new request.

3. (Currently Amended) The method of claim 2, wherein the request is associated
with a cache memory [[cache]] in the execution engine dedicated for storing an internal state for
the request, and responsive to determining that the request has been completed, freeing the

dedicated cache memory [[cache]] for the request in the execution engine.

4. (Currently Amended) The method of claim 1, wherein the-second-set-efinputs

tnelude-the sequence-of input-tokensfor the newrequest-and the input for the at least one request

is an output token from the first set of output tokens for the at least one request, and wherein a
length of the sequence of input tokens for the new request is different from a length of the output

token for the at least one request.

5. (Original) The method of claim 4,
wherein the execution engine includes a cache memory for maintaining a key cache
tensor for storing keys and a value cache tensor for storing values for the at least

one request, and
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wherein after scheduling the second batch of requests, allocating, by the execution
engine, a new cache memory dedicated to maintaining a key cache tensor and a

value cache tensor for the new request.

6. (Original) The method of claim 5, wherein after generating the second set of
output tokens, a length of the key cache tensor for the at least one request is different from a
length of a key cache tensor for the new request, and a length of the value cache tensor for the at

least one request is different from a length of a value cache tensor for the new request.

7. (Original) The method of claim 1, after receiving the new request from the client
device, determining, by the scheduler, that there is insufficient memory available to execute the
second batch of requests on a second execution engine different from the execution engine, and
responsive to the determination for the second execution engine, determining whether the

execution engine has the memory available to execute the second batch of requests.

8. (Currently Amended) The method of claim 1, wherein the execution engine is

configured as a graphics processing unit (GPU) or a [[tenor]] tensor processing unit (TPU).

0. (Original) The method of claim 1, wherein each token in the sequence of input

tokens represents a text unit.

10. (Currently Amended) A non-transitory computer-readable storage medium storing
computer program instructions executable to perform operations for dynamically executing
batches of requests on one or more execution engines running a machine-learning transformer
model, the operations comprising:

receiving, by a serving system, one or more requests for execution, the serving system

5
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including a scheduler and one or more execution engines each coupled to access a
machine-learning transformer model including at least a set of decoders;

scheduling, by the scheduler, a batch of requests including the one or more requests for
execution on an execution engine;

generating, by the execution engine, a first set of output tokens by applying the
transformer model to a first set of inputs for the batch of requests, wherein
applying the transformer model comprises applying at least one batch operation to
one or more input tensors associated with the batch of requests;

receiving, by a request processor, a new request from a client device, the new request
including a sequence of input tokens;

scheduling, by the scheduler, a second batch of requests additionally including the new
request for execution on the execution engine, the second batch of requests
scheduled responsive to determining that the execution engine has memory

available to execute the second batch of requests, wherein in a second set of

inputs for the second batch of requests, a length of the sequence of input tokens

for the new request is different from a length of an input for at least one request

other than the new request; and

generating, by the execution engine, a second set of output tokens by applying the

transformer model to [[a]] the second set of inputs for the second batch ef

o cluding o ors ford |

11.  (Currently Amended) The non-transitory computer-readable storage medium of

claim 10, the operations further comprising:
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responsive to determining that a request in the first batch of requests has been completed,
providing output tokens generated for the completed request to a client device as a
response to the request, and

wherein the second batch of requests includes at least one of the remaining requests from

the one or more requests and the new request.

12.  (Currently Amended) The non-transitory computer-readable storage medium of
claim 11, wherein the request is associated with a cache memory [[cache]] in the execution

engine dedicated for storing an internal state for the request, and responsive to determining that

the request has been completed, freeing the dedicated cache memory [[cache]] for the request in

the execution engine.

13.  (Currently Amended) The non-transitory computer-readable storage medium of

claim 10, wherein #h

request-and the input for the at least one request is at least one output token from the first set of

output tokens for the at least one request, and wherein a length of the sequence of input tokens
for the new request is different from a length of the at least one output token for the at least one

request.

14. (Original) The non-transitory computer-readable storage medium of claim 13,
wherein the execution engine includes a cache memory for maintaining a key cache
tensor for storing keys and a value cache tensor for storing values for the at least

one request, and
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wherein after scheduling the second batch of requests, allocating, by the execution
engine, a new cache memory dedicated to maintaining a key cache tensor and a

value cache tensor for the new request.

15. (Original) The non-transitory computer-readable storage medium of claim 14,
wherein after generating the second set of output tokens, a length of the key cache tensor for the
at least one request is different from a length of a key cache tensor for the new request, and a
length of the value cache tensor for the at least one request is different from a length of a value

cache tensor for the new request.

16.  (Original) The non-transitory computer-readable storage medium of claim 10,
after receiving the new request from the client device, determining, by the scheduler, that there is
insufficient memory available to execute the second batch of requests on a second execution
engine different from the execution engine, and responsive to the determination for the second
execution engine, determining whether the execution engine has the memory available to execute

the second batch of requests.

17.  (Currently Amended) The non-transitory computer-readable storage medium of
claim 10, wherein the execution engine is configured as a graphics processing unit (GPU) or a

[[tenor]] tensor processing unit (TPU).

18. (Original) The non-transitory computer-readable storage medium of claim 10,

wherein each token in the sequence of input tokens represents a text unit.
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REMARKS

Claims 1-18 were pending in this application, and claims 1 and 10 were the independent
claims. In the Office Action dated February 9, 2022, claims 1-4, 7-13, and 16-18 were rejected
and claims 5-6 and 14-15 were objected to.

With this amendment, claims 1-4, 8, 10-13, and 17 are amended; no claims are canceled;
and no claims are added. Support for the amendments appears at, for example, paragraph [0099]
of the specification-as-filed.

In view of the amendments and remarks that follow, reconsideration of the pending

claims is respectfully requested.

STATEMENT OF SUBSTANCE OF INTERVIEW

Applicant’s representative Jae Yeon (Claire) Baek (Reg. No. 78,258) and Jae Won Song
(Reg. No. 59,070) conducted a telephonic interview with Examiner Kenneth Tang on April 27,
2022. During the interview, the pending claims and the rejections to those claims under 35
U.S.C. § 102/103 in light of references Chung and Aarts were discussed. An agreement was
reached that amendments similar to those proposed herein would overcome the current
rejections. Examiner also indicated further search may be required upon submission of the

response.

OBJECTIONS TO THE SPECIFICATION

The abstract of the disclosure was objected to. The abstract is hereby amended to correct

the typographical error.
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OBJECTIONS TO THE CLAIMS

Claims 8 and 17 are objected to because of informalities. Claims 8 and 17 are hereby

amended to correct the typographical errors.

REJECTIONS UNDER 35 U.S.C. § 102 and/or 35 U.S.C. § 103

Claims 1-4, 7-13, and 16-18 were rejected under 35 U.S.C. § 103 as unpatentable over
U.S. Patent App. Pub. No. 2021/0192314 (“Aarts”) in view of U.S. Patent No. 10,846,096
(“Chung”).

Claim 1, as amended, recites the feature of “scheduling, by the scheduler, a second batch

of requests additionally including the new request for execution on the execution engine, the

second batch of requests scheduled responsive to determining that the execution engine has

memory available to execute the second batch of requests, wherein in a second set of inputs for

the second batch of requests, a length of the sequence of input tokens for the new request is

different from a length of an input for at least one request other than the new request . . .

and generating, by the execution engine, a second set of output tokens by applying the
transformer model to a second set of inputs for the second batch of requests including the
sequence of input tokens for the new request.”

Specifically, the method of claim 1 recites a method of dynamically executing batches of

requests for a machine-learning transformer model:

a serving system receives one or more requests for execution,

- a scheduler schedules a batch of requests including the one or more requests,

- an execution engine generates a first set of output tokens by applying the transformer
model to a set of inputs for the batch of requests,

- arequest processor receives a new request from a client device,
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- the scheduler schedules a second batch of requests additionally including the new

request for execution on the execution engine, wherein in a second set of inputs for

the second batch of requests, a length of the sequence of input tokens for the new

request is different from a length of an input for at least one request other than the

new request, and

- the execution engine generates a second set of output tokens by applying the

transformer model to the second set of inputs for the second batch of requests.

Thus, as discussed during the interview, in the method of claim 1, the second batch of
requests is modified to include a new request in addition to the one or more requests of the [first]
batch of requests.

In existing batching methods for transformer models, it is difficult to modify a batch of
requests once it has started to process on an execution engine, since the length of the inputs or
internal states are the same across the requests in the batch. See specification, [P [0009].
However, by performing the dynamic batching method described in conjunction with FIGs. SA-
5D of the application with a transformer architecture with selective batching (e.g., described in
conjunction with FIGs. 3A-3B), an inference system can modify a batch being processed and
update the batch between iterations as new requests are received, even if a length of the input for
the new request is different from a length of the input for another request in the batch.

Chung generally discloses a method for “the batching of requests for a specific service or
to be processed using a specific model.” Chung, col. 3, 11. 22-25. For a given batch request, the
memory needed for processing in the GPU can be pre-allocated before the service starts. Chung,

col. 3,11. 49-51. However, Chung does not describe batching in the context of machine-learned

transformer models. In addition, Chung does not disclose applying a transformer model to a
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[first] batch of requests on a GPU and subsequently scheduling a second batch of requests that is
modified to include a new request in addition to the first batch of requests on the GPU, in which
a length of the sequence of input tokens for a new request is different from a length of an input
for at least one request other than the new request in the batch.

Another portion of Chung discloses that “[o]nce the requests are pulled from the queue,
the queue can be flushed if necessary such that the next received request for the relevant service
or model will be the first new request in the queue for the next batch.” Chung, col. 3, 11. 40-46.

However, Chung describes scheduling the next received request in a queue for a next batch,

but does not disclose modifying the existing batch on a GPU by additionally including the next
received request. In other words, Chung appears to describe storing the next received request in
the queue after existing requests are pulled from the queue, such that the next received request

becomes the first new request for a new batch of requests.

Therefore, Chung fails to disclose or suggest the feature of “scheduling, by the scheduler,
a second batch of requests additionally including the new request for execution on the execution
engine, the second batch of requests scheduled responsive to determining that the execution
engine has memory available to execute the second batch of requests, wherein in a second set of
inputs for the second batch of requests, a length of the sequence of input tokens for the new
request is different from a length of an input for at least one request other than the new request . .
. and generating, by the execution engine, a second set of output tokens by applying the
transformer model to a second set of inputs for the second batch of requests including the
sequence of input tokens for the new request,” as recited in claim 1.

Aarts generally discloses making one or more API calls for executing a recurrent neural

network. FIG. 6 of Aarts discloses a ragged recurrent neural network in which each batch 606 of
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an input tensor 602 has a different-length sequence 608. However, Aarts also does not disclose

batching in the context of machine-learned transformer models. In addition, Aarts also does not

disclose applying a transformer model to a first batch and subsequently scheduling a second
batch of requests that is modified to include a new request in addition to the first batch of
requests, in which a length of the sequence of input tokens for a new request is different from a
length of an input for at least one request other than the new request in the batch.

Therefore, Aarts also fails to disclose or suggest the feature of “scheduling, by the
scheduler, a second batch of requests additionally including the new request for execution on the
execution engine, the second batch of requests scheduled responsive to determining that the
execution engine has memory available to execute the second batch of requests, wherein in a
second set of inputs for the second batch of requests, a length of the sequence of input tokens for
the new request is different from a length of an input for at least one request other than the new
request . . . and generating, by the execution engine, a second set of output tokens by applying
the transformer model to a second set of inputs for the second batch of requests including the
sequence of input tokens for the new request,” as recited in claim 1.

The other cited references do not cure the deficiencies of Chung and Aarts.

Thus, claim 1 and its dependent claims are patentably distinguishable over the cited
references. Claim 10 recites similar features as claim 1. Thus, claim 10 and its dependent claims
are also patentably distinguishable over the cited references.

Applicant respectfully requests the rejections be withdrawn.
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CONCLUSION

Based on the foregoing, the application is in condition for allowance of all claims, and a
Notice of Allowance is respectfully requested. If the examiner believes for any reason direct
contact would help advance the prosecution of this case to allowance, the examiner is
encouraged to telephone the undersigned at the number given below.

If extensions of time are necessary to prevent abandonment of this application, then such
extension of time are hereby petitioned under 37 CFR 1.136(a), and any fees required therefore

are hereby authorized to be charged to our Deposit Account 19-2555.

Respectfully submitted,

Dated: May 3, 2022 /Jae Yeon Baek/

Jae Yeon Baek, Reg. No. 78,258
FENWICK & WEST LLP

801 California Street

Mountain View, CA 94041
Phone: (650) 335-7142
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L105 0 17/542193.app. (US-PGPUB) OR ON ON 2022/05/05
04:02 PM
L106 1 "20210192314" pn. (US-PGPUB) OR ON ON 2022/05/05
04:02 PM
L107 1 ("2021/0192314").urpn. |(US-PGPUB; USPAT; [OR ON ON 2022/05/05
AND (PGPB | USPT | USOCR) 04:02 PM
USOC).dbnm.
L108 1 "20210192314" pn. (US-PGPUB) OR ON ON 2022/05/05
AND (token text) 04:02 PM
L109 1 "20210192314" pn. (US-PGPUB) OR ON ON 2022/05/05
AND (token text 04:02 PM
sequence)
L110 478010 (718/1.ccls.) (US-PGPUB; USPAT; |OR ON ON 2022/05/05
(GO6F9/4881 USOCR; FIT (AP, AT, 04:02 PM
GO6N20/00 AU, BE, BG, BR, BY,
GO06F9/5016 GO6N5/04 |CA, CH, CN, CS, CU,
GO6N3/0454 CZ, DD, DK, EA, EE,
GO6N3/08).cpc. ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
SI, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)
L111 6639 ((718/1.ccls.) (US-PGPUB; USPAT; |OR ON ON 2022/05/05
(GO6F9/4881 USOCR; FIT (AP, AT, 04:02 PM
GO6N20/00 AU, BE, BG, BR, BY,
GO06F9/5016 GO6N5/04 |CA, CH, CN, CS, CU,
GO6N3/0454 CZ, DD, DK, EA, EE,
GO6N3/08).cpc.) AND [ES, FI, FR, GB, HR,
batch$4 AND (ai HU, ID, IE, IL, IS, IT,
"artificial intelligence" JP, KR, LT, LU, LV,
(machine ADJ learn$4)) |MA, MC, MD, MY, NL,
AND schedul$4 AND NO, NZ, PH, PL, PT,
(token decod$4 RO, RS, RU, SE, SG,
transform$4) Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)
L112 23 ((718/1.ccls.) (US-PGPUB; USPAT; |OR ON ON 2022/05/05
(GO6F9/4881 USOCR; FIT (AP, AT, 04:02 PM
GO6N20/00 AU, BE, BG, BR, BY,
GO06F9/5016 GO6N5/04 |CA, CH, CN, CS, CU,
GO6N3/0454 CZ, DD, DK, EA, EE,
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AND schedul$4 AND NO, NZ, PH, PL, PT,

(token decod$4 RO, RS, RU, SE, SG,

transform$4)).ab ti,cim. [SI, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L113 23 ((718/1.ccls.) (US-PGPUB; USPAT; |OR ON ON 2022/05/05
(GO6F9/4881 USOCR; FIT (AP, AT, 04:02 PM
GO6N20/00 AU, BE, BG, BR, BY,

GO6F9/5016 GOB6N5/04 [CA, CH, CN, CS, CU,
GO6N3/0454 CZ, DD, DK, EA, EE,
GO6N3/08).cpc.) AND [ES, FI, FR, GB, HR,
(batch$4 AND (ai HU, ID, IE, IL, IS, IT,
"artificial intelligence" JP, KR, LT, LU, LV,
(machine ADJ learn$4)) |MA, MC, MD, MY, NL,
AND schedul$4 AND NO, NZ, PH, PL, PT,
(token decod$4 RO, RS, RU, SE, SG,
transform$4)).ab ti,cim. [SI, SK, SU, TH, TN, TR,
AND @ad<"20211203" [TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L114 5 ((718/1.ccls.) (US-PGPUB; USPAT) |OR ON ON 2022/05/05
(GO6F9/4881 04:02 PM
GO6N20/00
GO6F9/5016 GOBN5/04
GO6N3/0454
GO6N3/08).cpc.) AND
(batch$4 AND (ai
"artificial intelligence"

(machine ADJ learn$4))
AND schedul$4 AND
(token decod$4
transform$4)).ab.ti,cim.
AND @ad<"20211203"

L115 5 ((718/1.ccls.) (US-PGPUB; USPAT) |OR ON ON 2022/05/05
(GO6F9/4881 04:02 PM
GO6N20/00
GO6F9/5016 GOBN5/04
GO6N3/0454
GO6N3/08).cpc.) AND
(batch$4 AND (ai
"artificial intelligence"

(machine ADJ learn$4))
AND schedul$4 AND
(token decod$4
transform$4)).ab.ti,cim.
AND @ad<"20211203"
AND (text word)

L116 4 ((718/1.ccls.) (US-PGPUB; USPAT) |OR ON ON 2022/05/05
(GO6F9/4881 04:02 PM
GO6N20/00
GO6F9/5016 GOBN5/04
GO6N3/0454
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(batch$4 AND (ai
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L117

L118

L119

L120

L121

5435

2354

AND schedul$4 AND
(token decod$4
transform$4)).ab.ti,cim.
AND @ad<"20211203"
AND (text word) AND
key

("2020/0341997").urpn.
AND (PGPB | USPT |
USOC).dbnm.

((718/1.ccls.)
(G06F9/4881
GO06N20/00
GO06F9/5016 GOB6N5/04
GO6N3/0454
GO06N3/08).cpc.) AND
(batch$4 AND (ai
"artificial intelligence"
(machine ADJ learn$4))
AND schedul$4 AND
(token decod$4
transform$4)).ab.ti,cim.
AND @ad<"20211203"
AND (text word) AND
key AND sequence

((718/1.ccls.)
(G06F9/4881
GO06N20/00
GO06F9/5016 GOB6N5/04
GO6N3/0454
GO06N3/08).cpc.) AND
(batch$4 AND (ai
"artificial intelligence"
(machine ADJ learn$4))
AND schedul$4 AND
(token decod$4
transform$4)).ab.ti,cim.
AND @ad<"20211203"
AND (text word) AND
key AND sequence
AND tensor

((718/1.ccls.)
(GO6F9/4881
GOBN20/00
GO06F9/5016 GOB6N5/04
GOBN3/0454
GO06N3/08).cpc.) AND
batch$4 AND decod$4
AND @ad<"20211203"

((718/1.ccls.)
(GO6F9/4881
GOBN20/00
GO06F9/5016 GOB6N5/04
GOBN3/0454
GO06N3/08).cpc.) AND
batch$4 AND decod$4
AND @ad<"20211203"

(US-PGPUB; USPAT:
USOCR)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
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L122

L123

L124

L125

L126

813

753

266

47

45

AND schedul$4

((718/1.ccls.)
(GO6F9/4881
GO6N20/00
GO06F9/5016 GO6N5/04
GO6N3/0454
GO6N3/08).cpc.) AND
batch$4 AND decod$4
AND @ad<"20211203"
AND schedul$4 AND
tensor

((718/1.ccls.)
(GOBF9/4881
GO06N20/00
GO06F9/5016 GO6N5/04
GO6N3/0454
GO6N3/08).cpc.) AND
batch$4 AND decod$4
AND @ad<"20211203"
AND schedul$4 AND
tensor AND (gpu tpu)

((718/1.ccls.)
(GOBF9/4881
GO06N20/00
GO06F9/5016 GO6N5/04
GO6N3/0454
GO6N3/08).cpc.) AND
batch$4 AND decod$4
AND @ad<"20211203"
AND schedul$4 AND
tensor AND (gpu tpu)
AND length

((718/1.ccls.)
(GOBF9/4881
GO06N20/00
GO06F9/5016 GO6N5/04
GO6N3/0454
GO6N3/08).cpc.) AND
batch$4 AND decod$4
AND @ad<"20211203"
AND schedul$4 AND
tensor AND (gpu tpu)
AND (length near5
(tensor key cache
request different))

((718/1.ccls.)
(GOBF9/4881
GO06N20/00
GO06F9/5016 GO6N5/04
GO6N3/0454
GO6N3/08).cpc.) AND
batch$4 AND decod$4
AND @ad<"20211203"
AND schedul$4 AND
tensor AND (gpu tpu)
AND (length near5

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM
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(tensor key cache
request different)) AND
decoder
L127 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (tpu gpu) 04:02 PM
L128 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND length 04:02 PM
L129 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (key AND cache) 04:02 PM
L130 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (tensor WITH 04:02 PM
cache)
L131 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (dynamic$4 04:02 PM
(batch$4 WITH request)
(learn$4 transform$4))
L132 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND batch$4 04:02 PM
L133 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND decod$4 04:02 PM
L134 7 ("20200285977" (US-PGPUB; USPAT) |OR ON ON 2022/05/05
"20200285912" 04:02 PM
"20190220703"
"20210240825"
"20190138934"
"20210240826"
"20210185066").pn.
AND ((variable
different) near5 length)
L135 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND cache 04:02 PM
L136 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (cache SAME (key 04:02 PM
tensor length value
request batch))
L137 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (gpu tpc tcu) 04:02 PM
L138 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (token sequence 04:02 PM
text)
L139 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND insufficien$4 04:02 PM
L140 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND availab$4 04:02 PM
L141 1 ("2021/0192314").urpn. |(US-PGPUB; USPAT; |OR ON ON 2022/05/05
AND (PGPB | USPT| [USOCR) 04:02 PM
USOC).dbnm.
L142 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND transform$4 04:02 PM
L143 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND availab$4 04:02 PM
L144 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
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AND weight 04:02 PM

L145 0 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (decoder SAME 04:02 PM
(model learn$4 ai))

L146 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (decoder AND 04:02 PM
(model learn$4 ai))

L147 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (decoder AND 04:02 PM
(model learn$4 ai
translat$4 transform$4))

L148 0 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (decoder SAME 04:02 PM
(model learn$4 ai
translat$4 transform$4))

L149 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (decoder AND 04:02 PM
(model learn$4 ai
translat$4 transform$4))

L150 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (schedul$4 AND 04:02 PM
(model learn$4 ai
translat$4 transform$4))

L151 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (schedul$4 SAME 04:02 PM
(model learn$4 ai
translat$4 transform$4))

L152 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (schedul$4 WITH 04:02 PM
(batch request))

L153 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND batch 04:02 PM

L154 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (output WITH 04:02 PM
(token model
transform$4 translat$4
learn$4 batch request))

L155 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND length 04:02 PM

L156 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND ((new second) 04:02 PM
WITH (request batch))

L157 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND (split$4 04:02 PM
concatenat$4)

L158 1 "20210192314".pn. (US-PGPUB) OR ON ON 2022/05/05
AND cache 04:02 PM

L159 0 "20190251418".pn. (US-PGPUB) OR ON ON 2022/05/05
AND ((memory 04:02 PM
resource) WITH
(sufficent insufficient
enough availab$4))

L160 0 "20190251418".pn. (US-PGPUB) - OR ON ON 2022/05/05
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L161 1

L162 1

L163 1

L164 152

L165 13

L166 13

L167 12

L168 14

AND ((memory
resource) SAME
(sufficent insufficient
enough availab$4))

"20190251418".pn.
AND ( (sufficent
insufficient enough
availab$4))

"20210192314" pn.
AND remain$4

"20210192314".pn.
AND (second new)

(GOBF9/5016).cpc. AND
(GOBN3/0454
GOBN5/04).cpc. AND
(GOBN20/00
GOBN3/08).cpe.

(GO6F9/5016).cpc. AND
(GO6N3/0454
GO6N5/04).cpc. AND
(GO6N20/00
GO6N3/08).cpc. AND
decoder

(GO6F9/5016).cpc. AND
(GO6N3/0454
GO6N5/04).cpc. AND
(GO6N20/00
GO6N3/08).cpc. AND
decoder AND
@ad<"20211203"

(GO06F9/5016).cpc. AND
(GOBN3/0454
GO6N5/04).cpc. AND
(GOB6N20/00
GO6N3/08).cpc. AND
decoder AND
@ad<"20211203" AND
((availab$4 sufficien$4
insufficien$4 threshold)
near4 (capacity memory
resource))

("20210192287"
"20200364088"
"20180314249"
"20210303481"
"20210326176"
"20200293456"
"20210390058"
"20210142438"
"20210191868"
"20210349831"
"20210279837"
"11216717"
"20200043123"
"20210390460").pn.

(US-PGPUB)

(US-PGPUB)

(US-PGPUB)

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

(US-PGPUB;

USPAT)

USPAT)

USPAT)

USPAT)

USPAT)

OR

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

05/05/2022 04:07:22 PM
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L169 14

L170 0

L171 6

AND (decod$4
normaliz$4 learn$4
batch$4 weight
sufficien$4 insufficien$4
threshold availab$4
length split$4
concaten$4 cache)

("20210192287"
"20200364088"
"20180314249"
"20210303481"
"20210326176"
"20200293456"
"20210390058"
"20210142438"
"20210191868"
"20210349831"
"20210279837"
"11216717"
"20200043123"
"20210390460").pn.
AND (decod$4
normaliz$4 learn$4
batch$4 weight length
split$4 concaten$4)
AND ((memory
resource cache) near4
(availab$4 sufficien$4
insufficien$4 threshold))

("20210192287"
"20200364088"
"20180314249"
"20210303481"
"20210326176"
"20200293456"
"20210390058"
"20210142438"
"20210191868"
"20210349831"
"20210279837"
"11216717"
"20200043123"
"20210390460").pn.
AND (decod$4
normaliz$4 learn$4
batch$4 weight length
split$4 concaten$4)
AND ((memory
resource cache) near4
(availab$4 sufficien$4
insufficien$4 threshold))
AND GO06F9/5016.pn.

("20210192287"
"20200364088"
"20180314249"
"20210303481"
"20210326176"

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

05/05/2022 04:07:22 PM
Workspace: 17542193
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L172 6

L173 3

"20200293456"
"20210390058"
"20210142438"
"20210191868"
"20210349831"
"20210279837"
"11216717"
"20200043123"
"20210390460").pn.
AND (decod$4
normaliz$4 learn$4
batch$4 weight length
split$4 concaten$4)
AND ((memory
resource cache) near4
(availab$4 sufficien$4
insufficien$4 threshold))
AND (batch$4
schedul$4 tensor token
tranform$4 model
learn$4).ab.ti,cim.

("20210192287"
"20200364088"
"20180314249"
"20210303481"
"20210326176"
"20200293456"
"20210390058"
"20210142438"
"20210191868"
"20210349831"
"20210279837"
"11216717"
"20200043123"
"20210390460").pn.
AND (decod$4
normaliz$4 learn$4
batch$4 weight length
split$4 concaten$4)
AND ((memory
resource cache) near4
(availab$4 sufficien$4
insufficien$4 threshold))
AND (batch$4
schedul$4 tensor token
tranform$4 model
learn$4).ab,ti,cilm. AND
decoder

("20210192287"
"20200364088"
"20180314249"
"20210303481"
"20210326176"
"20200293456"
"20210390058"
"20210142438"
"20210191868"

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

ON

ON

ON

ON

2022/05/05
04:02 PM

2022/05/05
04:02 PM

05/05/2022 04:07:22 PM
Workspace: 17542193
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L174

L175

L176

L177

L178

L179

12381

"20210349831"
"20210279837"
"11216717"
"20200043123"
"20210390460").pn.
AND (decod$4
normaliz$4 learn$4
batch$4 weight length
split$4 concaten$4)
AND ((memory
resource cache) near4
(availab$4 sufficien$4
insufficien$4 threshold))
AND (batch$4
schedul$4 tensor token
tranform$4 model
learn$4).ab,ti,cilm. AND
decoder AND keys

("10846096"
"20210334134"
"20210232399"
"9652287").pn. AND
(new WITH (request
batch))

("10846096").pn. AND
(new WITH (request
batch)) AND (memory
resource capacity)
WITH (availab$4
sufficien$4 insufficien$4
threshold)

("10846096").pn. AND
(new WITH (request
batch)) AND ((memory
resource capacity)
WITH (availab$4
sufficien$4 insufficien$4
threshold))

"20210192314" pn.
AND new

"20210192314" pn.
AND (availab$4
sufficien$4 insufficien$4
threshold)

((variable different)
near4 length) AND L7

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB)

(US-PGPUB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

05/05/2022 04:07:22 PM

Workspace: 17542193

214 of 265

Page 10 of 17

KT




((variable different)
near4 length) AND L7
AND learn$4

((variable different)
near4 length) AND L7
AND learn$4 AND
tensor

((variable different)
near4 length) AND L7
AND learn$4 AND
tensor AND batch$4

((variable different)
near4 length) AND L7
AND learn$4 AND
tensor AND
batch$4.ab.ti,.cim.

TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

L180 10067
L181 925
L182 476
L183 104
05/05/2022 04:07:22 PM

Workspace: 17542193

15 01 2095

Page 11 of 17




NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L184 102 ((variable different) (US-PGPUB; USPAT; |OR ON ON 2022/05/05
near4 length) AND L7 |USOCR; FIT (AP, AT, 04:02 PM
AND learn$4 AND AU, BE, BG, BR, BY,
tensor AND CA, CH, CN, CS, CU,
batch$4.ab.ti,clm. AND |CZ, DD, DK, EA, EE,

@ad<"20211203" ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L185 1 ((variable different) (US-PGPUB; USPAT; |OR ON ON 2022/05/05
near4 length) AND L7 |USOCR; FIT (AP, AT, 04:02 PM
AND learn$4 AND AU, BE, BG, BR, BY,
tensor AND CA, CH, CN, CS, CU,
batch$4.ab.ti,clm. AND |CZ, DD, DK, EA, EE,

@ad<"20211203" AND |ES, FI, FR, GB, HR,

(key near3 (cache HU, ID, IE, IL, IS, IT,

tensor)) JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L186 74 ((variable different) (US-PGPUB; USPAT; |OR ON ON 2022/05/05
near4 length) AND L7 |USOCR; FIT (AP, AT, 04:02 PM
AND learn$4 AND AU, BE, BG, BR, BY,
tensor AND CA, CH, CN, CS, CU,
batch$4.ab.ti,clm. AND |CZ, DD, DK, EA, EE,

@ad<"20211203" AND |ES, FI, FR, GB, HR,

(decod$4 transform$4) |HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L187 0 ((variable different) (DERWENT) OR ON ON 2022/05/05
near4 length) AND L7 04:02 PM
AND learn$4 AND
tensor AND
batch$4.ab.ti,cim. AND
@ad<"20211203" AND

05/05/2022 04:07:22 PM <10 0L 205 Page 12 of 17
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L188

L189

L190

L191

L192

L193

L194

471

65

65

30

38

30

(decod$4 transform$4)

batch$4 AND learn$4
AND (decod$4
transform$4)

batch$4 AND learn$4
AND (decod$4
transform$4) AND L7

batch$4 AND learn$4
AND (decod$4
transform$4) AND L7
AND @ad<"20211203"

batch$4 AND learn$4
AND (decod$4
transform$4) AND L7
AND @ad<"20211203"
AND (weight tensor gpu
length tpu tcu)

batch$4 AND learn$4
AND (decod$4
transform$4) AND L7
AND @ad<"20211203"
AND (weight tensor gpu
length tpu normaliz$4
tcu)

batch$4 AND learn$4
AND (decod$4
transform$4) AND L7
AND @ad<"20211203"
AND (weight tensor gpu
length tpu normaliz$4
tcu) AND batch ti.

(Artificial Intelligence)
More Like:
US-20210216870-A1

Text:

(CA-2975251-C OR JP-
2020537204-A OR JP-
7009614-B2 OR WO-
2019238072-A1 OR
US-10417562-B2 OR
US-20200257979-A1
OR JP-2021192251-A
OR US-10902319-B2
OR US-20200012942-
A1 OR US-
20210357756-A1 OR
JP-6935542-B2 OR US-
11281973-B2 OR US-
20200234127-A1 OR
US-11308394-B2 OR
AU-2019200309-B2 OR
US-20200057924-A1
OR US-10628710-B2
OR KR-102204286-B1
OR US-20160217368-

(DERWENT)

(DERWENT)

(DERWENT)

(DERWENT)

(DERWENT)

(DERWENT)

(US-PGPUB; USPAT:
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, I, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO: DERWENT:
IBM_TDB)

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

2022/05/05
04:02 PM

05/05/2022 04:07:22 PM
Workspace: 17542193
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A1 OR CN-107278310-
A).did.
L195 1 ("2021/0192314").urpn. |(US-PGPUB; USPAT; |OR ON ON 2022/05/05
AND (PGPB | USPT | USOCR) 04:02 PM
USOC).dbnm.
L196 121923 (GOB6N3/0454 (US-PGPUB; USPAT; |OR ON ON 2022/05/05
GO6N5/04).cpc. AND USOCR; FIT (AP, AT, 04:02 PM
(GO6N20/00 AU, BE, BG, BR, BY,
GO6N3/08).cpc. CA, CH, CN, CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)
L197 6347 (GOB6N3/0454 (US-PGPUB; USPAT; |OR ON ON 2022/05/05
GO6N5/04).cpc. AND USOCR; FIT (AP, AT, 04:02 PM
(GO6N20/00 AU, BE, BG, BR, BY,
GO6N3/08).cpc. AND CA, CH, CN, CS, CU,
batch$4.ab.ti,.cim. CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)
L198 6343 (GOB6N3/0454 (US-PGPUB; USPAT; |OR ON ON 2022/05/05
GO6N5/04).cpc. AND USOCR; FIT (AP, AT, 04:02 PM
(GO6N20/00 AU, BE, BG, BR, BY,
GO6N3/08).cpc. AND CA, CH, CN, CS, CU,
batch$4.ab.ti,clm. AND |CZ, DD, DK, EA, EE,
@ad<"20211203" ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)
L199 760 (GOB6N3/0454 (US-PGPUB; USPAT; |OR ON ON 2022/05/05
GO6N5/04).cpc. AND USOCR; FIT (AP, AT, 04:02 PM
(GO6N20/00 AU, BE, BG, BR, BY,
GO6N3/08).cpc. AND CA, CH, CN, CS, CU,
batch$4.ab.ti,clm. AND |CZ, DD, DK, EA, EE,
@ad<"20211203" AND (ES, FI, FR, GB, HR,
05/05/2022 04:07:22 PM 218 of 265 Page 14 of 17
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tensor HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L200 18 (GO6N3/0454 (US-PGPUB; USPAT; |OR ON ON 2022/05/05
GO6N5/04).cpc. AND USOCR; FIT (AP, AT, 04:02 PM
(GO6N20/00 AU, BE, BG, BR, BY,

GO6N3/08).cpc. AND CA,CH,CN, CS, CU,
batch$4.ab,ti,clm. AND |CZ, DD, DK, EA, EE,
@ad<"20211203" AND |ES, FI, FR, GB, HR,
tensor AND (variable HU, ID, IE, IL, IS, IT,
near4 length) JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L201 2 (GO6N3/0454 (US-PGPUB; USPAT) |OR ON ON 2022/05/05
GO6N5/04).cpc. AND 04:02 PM
(GO6N20/00
GO6N3/08).cpc. AND
batch$4.ab.ti,cim. AND
@ad<"20211203" AND
tensor AND (variable
near4 length)

L202 0 (GO6N3/0454 (US-PGPUB; USPAT) |OR ON ON 2022/05/05
GO6N5/04).cpc. AND 04:02 PM
(GO6N20/00
GO6N3/08).cpc. AND
(batch WITH variable
WITH length WITH
request)

L203 3 (batch WITH variable (US-PGPUB; USPAT) |OR ON ON 2022/05/05
WITH length WITH 04:02 PM
request)

L204 25 (batch$4 near3 request) | (US-PGPUB; USPAT) |OR ON ON 2022/05/05
AND (variable WITH 04:02 PM
length WITH (model
learn$4))

L205 25 batch$4 WITH (US-PGPUB; USPAT; |OR ON ON 2022/05/05
dynamic$4 WITH USOCR; FIT (AP, AT, 04:02 PM
(inference nerual AU, BE, BG, BR, BY,
learn$4) WITH CA,CH,CN, CS, CU,

(transform$4 decod$4) |CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
05/05/2022 04:07:22 PM 219 of 265 Page 15 of 17
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RO, RS, RU, SE, SG,
SI, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)
L206 24 L102 AND (US-PGPUB; USPAT; |OR ON ON 2022/05/05
@ad<"20211203" USOCR; FIT (AP, AT, 04:02 PM
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ,DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
SI, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)
L207 1 L102 AND (US-PGPUB; USPAT) |OR ON ON 2022/05/05
@ad<"20211203" 04:02 PM
L208 9801 (transform$4 near3 (US-PGPUB; USPAT; |OR ON ON 2022/05/05
model) AND batch$4 USOCR; FIT (AP, AT, 04:06 PM
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ,DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
SI, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)
L209 446 (transform$4 near3 (US-PGPUB; USPAT) |OR ON ON 2022/05/05
model) AND batch$4 04:06 PM
AND ((length size)
near5 (batch request))
L210 364 (transform$4 near3 (US-PGPUB; USPAT) |OR ON ON 2022/05/05
model) AND batch$4 04:06 PM
AND ((length size)
near5 (batch request))
AND learn$4
L211 361 (transform$4 near3 (US-PGPUB; USPAT) |OR ON ON 2022/05/05
model) AND batch$4 04:07 PM
AND ((length size)
near5 (batch request))
AND learn$4 AND
@ad<"20211203"
PE2E SEARCH - Search History (Interference)
Ref # Hits [Search Query IDBs Default  [Plurals British [Time Stamp|
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Operator

Equivalents

N1 113487

N2 1

N3 5

(718/1.ccls.)
(GOBF9/4881
G0BN20/00
GO6F9/5016 GOBN5/04
GOBN3/0454
GOBN3/08).cpe.

((718/1.ccls.)
(G06F9/4881
GO06N20/00
GO06F9/5016 GOB6N5/04
GO6N3/0454
GO06N3/08).cpc.) AND
((transform$4 adj3
model) AND batch$4
AND (length size)).clm.

((718/1.ccls.)
(G06F9/4881
GO06N20/00
GO06F9/5016 GOB6N5/04
GO6N3/0454
GO06N3/08).cpc.) AND
((transform$4 adj3
model) AND
batch$4).clm.

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/05/05
04:04 PM

2022/05/05
04:05 PM

2022/05/05
04:05 PM

05/05/2022 04:07:22 PM
Workspace: 17542193
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Receipt date: 04/12/2022 17/542,193 ~ GAU:

Complete if Known
Application Number
INFORMATION DISCLOSURE [ oo LA
STATEMENT BY APPLICANT = ool
. Gyeongin Yu
(Not for submission under 37 CFR 1.99) : y >
Applicant FriendliAl Inc.
Art Unit 2199
Confirmation Number 1026
Examiner Name TANG, KENNETH
Sheet 1 | of ‘ 2 Attorney Docket Number | 39192-50678/US

U.S. PATENT DOCUMENTS

Document No.
Eramner | et | Number- o cotesrtnoum | Fubicaton2ae
Al US-2021/0034335 Al 02-04-2021 | Swvyalkovskly et al.
A2 US-2021/0357210 Al 11-18-2021 | Clement et al.
A3 US-2022/0066747 Al 03-03-2022 Drain et al.
A4 US-2022/0067513 Al 03-03-2022 | Stevensetal.
FOREIGN PATENT DOCUMENTS
Foreign Patent Document
Examiner Cite No." | Country Code® - Number* Publication Date Name of Patentee or TS
Initials* Kind Code?® (if known) MM-DD-YYYY Applicant of Cited Document
B1 N/A
OTHER REFERENCES — NON-PATENT LITERATURE DOCUMENTS
Examiner Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
Initials* Cite No." journal, serial, symposium, catalog, etc.), date, page(sl)),u\éﬁlsuhn;z-issue number(s), publisher, city and/or country where T®
o1 DOSHI, Ketan, "Transformers Explained Visually (Part 1): Overview of Functionality", Dec.13,
2020, <towardsdatascience.com> (Year: 2020), 16 pages.
c2 DOSHI, Ketan, "Transformers Explained Visually (Part 2): How it works, step-by-step", Jan.2,
2021, <towardsdatascience.com> (Year: 2021), 23 pages.
c3 DOSHI, Ketan, "Transformers Explained Visually (Part 3): Multi-head Attention deep dive",
Jan.16, 2021, <towardsdatascience.com> (Year: 2021), 20 pages.
c4 DOSHI, Ketan, "Transformers Explained Visually (Part 4): Not Just How, but Why They Work So
Well", June 2, 2021, <towardsdatascience.com> (Year: 2021), 17 pages.
5 VASWANI| et al, "Attention Is All You Need", Dec. 6, 2017, arXiv,
<https://arxiv.org/abs/1706.03762> (Year: 2017), pages 1-15.

EXAMINER SIGNATURE

Examiner Signature /XENNETH TANG/

Date Considered g5/05/2022

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
a citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

! Applicant’s unique citation designation number (option). 2 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 3 Enter office
that issued the document, by the two-letter code (WIPO Standard ST.3). * For Japanese patent documents, the indication of the year of the reign of the
Emperor must precede the serial number of the patent document.

*Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a check mark
here if English language translation is attached.

1
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Receipt date: 04/12/2022 17/542,193 - GAU: 2188

Complete if Known
Application Number
INFORMATION DISCLOSURE [ ho LA
STATEMENT BY APPLICANT |- aroe o o
o Gyeongin Yu
(Not for submission under 37 CFR 1.99) : y >
Applicant FriendliAl Inc.
Art Unit 2199
Confirmation Number 1026
Examiner Name TANG, KENNETH
Sheet 2 ‘ of | 2 Attorney Docket Number | 39192-50678/US

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):
[C] That each item of information contained in the information disclosure statement was first cited in any communication

from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

[C] That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification after
making reasonable inquiry, no item of information contained in the information disclosure statement was known to any
individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure statement.
See 37 CFR 1.97(e)(2).

[[] Seeattached certification statement.

XI  The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

XI A certification statement is not submitted herewith.

[] After payment of the issue fee. Applicant requests that the information contained in this Information Disclosure
Statement be placed in the file according to 37 CFR § 1.97(i), although the information may not be considered by the USPTO.

SIGNATURE

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

Signature . /lae Yeon Baek/ Date (YYYY-MM-DD) = 2022-04-12
Name/Print Jae Yeon Baek | Registration Number | 78,258
2
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BTO/ALA/BE (07-17)
Approves for use through 03/31/2088. OME 0681-0038
U.S, Parert and Tradeniaek GHice; .S, DEPARTMENT OF COMRMERC
Linder the Paperwork Redsetion Sct of 1995, no parson is raguired to respond taa toltertian of wformation uniess i dispiays & valid GMB control number

(
1

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revoke all pravious powers of sttorney given in the application identified in the attached
statement under 37 CFR 3.73{c).

{ hareby appoint:

;)ﬂi Practitioners associated with Customer Number: | 0758
OR
%MM}; Practitioner(s) named helow {f more than ten patent prsctitioners are to be named, then & customer sumber must be used):
Name Registration R Registtation
Nuher Numbay

As sttormney(s) or agents) 1o represent the undersigned before the United States Patent and Trademark Oifice {USPTD)] in connection with
any andall patent applications assignan anly fo the undersigned sccording to the USPTI assignment records oF assignment dosuments
ettachad to this Torm in accordance with 37 CFR 3.73{g).

Please changs the correspondence address for the appiication identified in the attached statament
umder 37 CFR 3.73{c) 1o

} The addrass assodiated with Cusiomer Number: @g?ga

OR

1 Fiem oF ndividual name

e

Address

City State Zip

Country

Telephone Emat

Assignes name and address: _ . g - ) . - N ;
8 Friendlial inc., Rm. 814, Bidg. 138, Gwanak-ro, Gwanak-gu, Secul DEBZE, South Korea

& copy of this form, together with & statement under 37 CFR 3.73{c) {Form PTO/MMASSE or epudvalent) s reguired to be
filed in each appiication in which this form is used. The statement under 37 UFR 3.73{c) may be completed by one of the
practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be Hled.

SIGRATURE of Assignee of Record
The indivi dua the c;s«natum and titde is supplied below §s authorizad to 2ot on behalf of the assignes.

Signature Date G R e I
Name Teiephone P . _,.5;1@ p¥e
Title

ion of information i requlired by 37 £FR .31, 1A%, and 1.33. The isformation is requised to obtein or retaln a henefit by the public, which is to update
fand by the USSTO 1o process) the file of a pstert or regxamination proteeting. Confidentiality & governed by 3% US.0. 133 snd 37 TRR L.42 and 1149, This
coliection 15 sstimated 40 fake 18 minutes to compists, inchuding gathering, pregaring, and submitting the corypleted application form to the USPTO. Time will vary
sepanding upon the individual case:. Any comments onthe arunt of tire yos require 1o domplete this formisnd/or stggessions forreducing this buvden, should
b sent o the Chisf information Officss, 1.8 Patent and Trademark Office, U . Departmsat of Commerce; P.O. Box 1850, Alexandrls, A 22313-1450: DO NUT
SEND FEES O8 DOMPLETED FORMS TO THIS AD 1S, SEND O Commissioner for Patents, §.0O. Box 1459, Alsxanddriy, W8 $313-2458.

I wou newd uisistonce ia comolating the form, ool I-S00-PTO-2199 enid selext aption &
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Electronic Acknowledgement Receipt

EFS ID: 45756026
Application Number: 17542193
International Application Number:
Confirmation Number: 1026

Title of Invention:

Dynamic Batching for Inference System for Transformer-Based Generation

Tasks
First Named Inventor/Applicant Name: Gyeongin Yu
Customer Number: 758

Filer:

Jae Won Song

Filer Authorized By:

Attorney Docket Number:

39192-50678/US

Receipt Date: 19-MAY-2022
Filing Date: 03-DEC-2021
Time Stamp: 15:14:56

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
195012
1 Request under 37CFR1.46(c) to correct, | 50678 _Request_to_Change_A o 2

update, change applicant

pplicant.pdf

e9b966e48be1684378b4bd59d230974019)
390891

Warnings:
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Information:

408007
- 50678_Supplemental_Applicati
— - no 9
2 Application Data Sheet on_Data_Sheet pdf
9cb0cc7871329€27188d113914536af9cb9
a831c
Warnings:
Information:
This is not an USPTO supplied ADS fillable form
113543
3 Assignee showing of ownership per 37 50678_373c_Statement pdf o 3
CFR3.73
ea68d63761a9cd772632bd16486fbda2723}
7729c
Warnings:
Information:
1227497
4 Power of Attorney 50678_Power_of_Attorney.pdf no 1
97b95baad3e7168097d42269358549aae0
9a3337
Warnings:
Information:
Total Files Size (in bytes): 1944059

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc Code: R46C.REQ
Document Description: Request under 37 CFR 1.46(c) to correct, update or change the applicant.

PTO/AIA/41 (04-15)

Approved for use through 11/30/2020. OMB 0651-0031

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

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

(" REQUEST TO CORRECT OR UPDATE | Application Number 17/542,193 )
THE NAME OF THE APPLICANT UNDER | Filing Date December 3, 2021
37 CFR 1.46(c)(1), OR CHANGE THE First Named Inventor Gyeongin Yu
APPLICANT UNDER 37 CFR 1.46(c)(2) |" Uf”t 2199
(FOR USE ONLY IN APPLICATIONS FILED ON OR AFTER Examiner Name Kenneth Tang
SEPTEMBER 16, 2012) ;ﬁ,;::;(:ner Docket 39192.50678/US

To: Commissioner for Patents
P.0O. Box 1450
Alexandria, VA 22313-1450

Applicant hereby requests that the name of the applicant be corrected or updated under 37 CFR 1.46(c)(1), or that the applicant be changed
under 37 CFR 1.46(c)(2), in the above-identified application. Requests under 37 CFR 1.46(c)(1) or (c)(2) cannot be submitted after payment of
the issue fee or if the application has been patented.

Please check the applicable box({es) below.

|:| 1. This request is to correct or update the name of the applicant (under 37 CFR 1.46(c)(1)) and includes:

I:l An application data sheet (ADS) in accordance with 37 CFR 1.76(c) with the corrected or updated information shown with markings
(e.g., underlining for insertions, strikethrough for deletions). A Corrected Web-based ADS may be used.

Note: Requests under 37 CFR 1.46(c)(1) may be filed to correct typographical errors in the name of the § 1.46 applicant, or for
updating the name of the § 1.46 applicant (i.e., where there is no change in the applicant itself but just in the applicant’s name). See
the Manual of Patent Examining Procedure (MPEP) section 605.01.

|:| 2. This request is to change the applicant (under 37 CFR 1.46(c)(2)) and includes:

IE An application data sheet (ADS) in accordance with 37 CFR 1.76(c) that identifies the changes with proper markings (underlining for
insertions and strikethrough for deletions). A Corrected Web-based ADS may be used.

I:l A Statement Under 37 CFR 3.73(c) (Form PTO/AIA/96 or equivalent). See MPEP 325.

lam the

|:| applicant* Ii' attorney or agent of record I:' attorney or agent acting under 37 CFR 1.34
Registration number 59.070 Registration number

signature /J@€ Won Song/

Typed or printed name Jae Won Song
Date May 19, 2022

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. *Juristic entities
must be represented by a patent practitioner (See 37 CFR 1.31, applicable to any paper filed on or after September 16, 2012 that is presented
on behalf of a juristic entity, regardless of application filing date). Submit multiple forms if more than one signature is required, see below**.

IEl ** Total of 1 forms are submitted.

_This collection of information is required by 37 (ﬁ 1.36. ?he information is required to obtain or retain a benefit by the public which is to me (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 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

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

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

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (6 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system
of records may be disclosed, as a routine use, to the International Bureau of the World Intellectual
Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(0)).

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.
Y Wi RA

DD AN TAL
SQUFFLECIVICEINTAL

Application Data Sheet 37 CFR 1.76

Attorney Docket Number | 39192-50678/US

Application Number 17/542,193

Title of Invention Dynamic Batching for Inference System for Transformer-Based Generation Tasks

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

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

Secrecy Order 37 CFR 5.2:

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

Inventor Information:

Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Gyeongin Yu

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

City |Seoul Country of Residence ! KR

Mailing Address of Inventor:

Address 1 FriendliAl Inc.

Address 2 Rm. 514, Bldg. 138, Gwanak-ro, Gwanak-gu

City Seoul | State/Province

Postal Code 08826 | Countryi KR

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Geon-Woo Kim

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

City |Seoul Country of Residence ! KR

Mailing Address of Inventor:

Address 1 FriendliAl Inc.

Address 2 Rm. 514, Bldg. 138, Gwanak-ro, Gwanak-gu

City Seoul | State/Province
Postal Code 08826 | Countryi KR
Inventor 3

Legal Name
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

SUPPLEMENTAL 39192-50678/US
Application Data Sheet 37 CFR 1.76
17/542,193

Attorney Docket Number

Application Number

Title of Invention Dynamic Batching for Inference System for Transformer-Based Generation Tasks

Prefix| Given Name Middle Name Family Name Suffix
Joo Seong Jeong
Residence Information (Select One) (O US Residency (@ Non US Residency () Active US Military Service
City |Seoul Country of Residence ! KR
Mailing Address of Inventor:
Address 1 FriendliAl Inc.
Address 2 Rm. 514, Bldg. 138, Gwanak-ro, Gwanak-gu
City Seoul | State/Province
Postal Code 08826 | Countryi KR
Inventor 4
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Soojeong Kim
Residence Information (Select One) (O US Residency (@ Non US Residency () Active US Military Service
City |Seoul Country of Residence ! KR
Mailing Address of Inventor:
Address 1 FriendliAl Inc.
Address 2 Rm. 514, Bldg. 138, Gwanak-ro, Gwanak-gu
City Seoul | State/Province
Postal Code 08826 | Countryi KR
Inventor 5
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Byung-Gon Chun

Residence Information (Select One) () US Residency

(® Non US Residency

(O Active US Military Service

City Seoul

Country of Residence !

KR

Mailing Address of Inventor:

Address 1 FriendliAl Inc.

Address 2 Rm. 514, Bldg. 138, Gwanak-ro, Gwanak-gu

City Seoul | State/Province
Postal Code 08826 244 FoMNtTY | KR
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DUPP_LtIVI_tN L Attorney Docket Number | 39192-50678/US
Application Data Sheet 37 CFR 1.76

Application Number 17/542,193

Title of Invention Dynamic Batching for Inference System for Transformer-Based Generation Tasks

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

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

Customer Number 00758

Email Address ptoc@fenwick.com

Application Information:

Title of the Invention Dynamic Batching for Inference System for Transformer-Based Generation Tasks
Attorney Docket Number| 39192-50678/US Small Entity Status Claimed [X]
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 12 Suggested Figure for Publication (if any)

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 1.53(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 1.57(a). )

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

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

Request Not to Publish. | hereby request that the attached application not be published under
] 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires

publication at eighteen months after filing.

Representative Information:

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

Number will be used for the Representative Information during processing.
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T SUPPLEMENTAL
Application Data Sheet 37 CFR 1.76

Attorney Docket Number | 39192-50678/US

Application Number 17/542,193

Title of Invention Dynamic Batching for Inference System for Transformer-Based Generation Tasks

Please Select One: (® Customer Number (O Us Patent Practitioner | (O Limited Recognition (37 CFR 11.9)
Customer Number 00758

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

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form
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)‘ the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code' (if applicable)

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

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

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.
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 AlA.
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SUPFTLEN.IENTAL Attorney Docket Number | 39192-50678/US
Application Data Sheet 37 CFR 1.76

Application Number 17/542,193

Title of Invention Dynamic Batching for Inference System for Transformer-Based Generation Tasks

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)

).

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

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

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

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

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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bUPP_LtW_ItN L Attorney Docket Number | 39192-50678/US
Application Data Sheet 37 CFR 1.76

Application Number 17/542,193

Title of Invention Dynamic Batching for Inference System for Transformer-Based Generation Tasks

Applicant Information:

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

Applicant 1

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

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

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

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

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name FriendliAl Inc.

Mailing Address Information For Applicant:

Address 1 Rm. 514, Bldg. 138, Gwanak-ro, Gwanak-gu

Address 2

City Seoul State/Province

Country | KR Postal Code 08826
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.
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SUPP.LEM.ENTAL Attorney Docket Number | 39192-50678/US
Application Data Sheet 37 CFR 1.76

Application Number 17/542,193

Title of Invention Dynamic Batching for Inference System for Transformer-Based Generation Tasks

Applicant 2

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

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

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

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

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. v

Organization Name S N ersiv-REDB-F o

Mailing Address Information For Applicant:

Address 1 “-Cwahalero—-Gwanalcgt

Address 2

City Seow State/Province

Country' | &R Postal Code 68626
Phone Number Fax Number

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

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

Assignee 1

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.

If the Assignee or Non-Applicant Assignee is an Organization check here. ]
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T SUPPLEMENTAL
Application Data Sheet 37 CFR 1.76

Attorney Docket Number | 39192-50678/US

Application Number 17/542,193

Title of Invention Dynamic Batching for Inference System for Transformer-Based Generation Tasks

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country! 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.

Signature:

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

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or 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 |/Jae Won Song/ Date (YYYY-MM-DD)| 2022-05-19

First Name | Jae Won Last Name | Song Registration Number | 59,070

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

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

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

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

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

5. Arecord 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 CooperationTreaty.

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

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

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

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of law or regulation.
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STATEMENT UNDER 37 CFR 3.73(c)
FriendliAl Inc.

Application No./Patent No.: _17/542,193 Filed/Issue Date: December 3, 2021
Titleq: Dynamic Batching for Inference System for Transformer-Based Generation Tasks

Applicant/Patent Owner:

FriendliAl Inc. a corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: Gyeongin YU, Geon-Woo KIM, Joo Seong JEONG, Soojeong KIM, Byung-Gon CHUN To: FriendliAl Inc. and Seoul National University R&DB Foundation

The document was recorded in the United States Patent and Trademark Office at

Reel 058599 , Frame 0509 , or for which a copy thereof is attached.

2 From: Seoul National University R&DB Foundation 1. FriendliAl Inc.

The document was recorded in the United States Patent and Trademark Office at
Reel 059935 , Frame 0001 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing tézg{o&nzgsall 1-800-PTO-9199 and select option 2.
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STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

4. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Jae Won Song/ 5/19/2022

Signature Date

Jae Won Song 59,070

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

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

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

1.

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

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
17/542,193 12/03/2021 2199 910 39192-50678/US 18 2
CONFIRMATION NO. 1026
758 CORRECTED FILING RECEIPT

SILICON VALLEY CENTER T

801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041

Date Mailed: 05/23/2022

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Gyeongin Yu, Seoul, KOREA, REPUBLIC OF;
Geon-Woo Kim, Seoul, KOREA, REPUBLIC OF;
Joo Seong Jeong, Seoul, KOREA, REPUBLIC OF;
Soojeong Kim, Seoul, KOREA, REPUBLIC OF;
Byung-Gon Chun, Seoul, KOREA, REPUBLIC OF;
Applicant(s)
FriendliAl Inc., Seoul, KOREA, REPUBLIC OF;

Power of Attorney: The patent practitioners associated with Customer Number 00758

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

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

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

Permission to Access 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: 12/14/2021

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/542,193

Projected Publication Date: 06/08/2023
Non-Publication Request: No

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

Dynamic Batching for Inference System for Transformer-Based Generation Tasks
Preliminary Class

718
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

SelectUSA

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

page 4 of 4

258 of 265



UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
17/542,193 12/03/2021 Gyeongin Yu 39192-50678/US
CONFIRMATION NO. 1026
758 POA ACCEPTANCE LETTER
FENWICK & WEST LLP
SILICON VALLEY CENTER IR ATV
00000013399963

801 CALIFORNIA STREET

MOUNTAIN VIEW, CA 94041
Date Mailed: 05/23/2022

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 05/19/2022.

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

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.

/1dvan/
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PART B - FEE(S) TRANSMITTAL
Caoraplete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, sead to:  Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
F.O. Box 1450
Alexandria, Virginia 22313-143

Tans he [SSUEFEE

ng tbc Patcm ad\ sance orders and notification of mainte
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FENWICK & WESTLLP i hereby certify that this Feels) Transminal s being deposited with the United

States Posial Service with sufficient postage im {irst class mail in an envelope

SHICON VALLEY CENTER addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
801 CALIFORNIA STREET the USPTO via EFS-Web or by inile to (571) 273-288S, on the date below.

MOUNTAIN VIEW, CA 94041 e

(Signaturs )

(Date)
E APPLICATION NG, i FILING DATE E FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. E CONFIRMATION NG, E
17/342,193 12/33/2021 Gyeongin Yu 3Q192-50678/US 1026
TITLE OF INVENTION: Dynamic Bawching for Inference System for Transformer-Based Generarion Tasks
E APPLN. TYPE I ENTITY STATUS i I8SUE FEE DUE E PUBLICATION FEE DUE I PREV.PAID ISSUR FEE E TOTAL FEE(S) DUE E DATE DUE E
nonprovisional SMALL $600 30.00 SG.00 $500 0871172022
E EXAMINER 3 ART UNIT E CLASS-SUBCLASS I
TANG. KENNETH 2199 718-181000
I. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, hist
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ALAMAT or PTOYSB/AT, Rev 03-02 or more recent) attached. Use of 8
Customer Numher is veguired.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT {print or type)
PLEASE NOTE: Unless an sssignee is identified below, no assignee data will appear on the patent. I 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 assigns

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

FriendliAl Inc. Seoul, Republic of Korea

(43

[

ee
37

Please check the sppropriste sssignee category of caregories (will not be pristed on the patent) © |d Individual Xi Corporation or other private group entity 'wd Government

E=A

- Fee _,j}’vslmd-i wn Fee (if required} JAJVdﬂCL Order - # of Coples

Ab. Methiod of Pavment: {Please first reapply any previousty paid fee shown above}
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%3 Fiectronic Pavment via EFS-Web {d Puciosed check |§ Nop-electronic payment by credit card { Attach form PTO-2038)

X3 The Director is hereby authorized to charge the required tee(s), any defictency, or credit any overpayment to Deposit Account No. 192555

3. Change in Eatity Siatas (from staius in

NOTE: Absent a valid certification of Micro Lmny S[a[i-:. (:mc forms PTO/SRE/ISA and 15B), N,u"
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“hecking this box will be taken to be a notification of loss of entitlement to small or mic
entily status, 85 applicable.

\
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3 Applicant certifying micro entity status. See 37 CFR 1.29

o Applicant asserting small entity status. See 37 CFR 1.27

o Applicant changing to regular undiscounted {ee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR i 4 for signature requivements and cestifications

Authorized Signatare /Jae Won Song/ Date AUgUSt 4 2022
JaeWerSerg Registration No. 59,070

Typed or printed name
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Electronic Patent Application Fee Transmittal

Application Number: 17542193

Filing Date: 03-Dec-2021

Title of Invention:

Dynamic Batching for Inference System for Transformer-Based Generation

Tasks
First Named Inventor/Applicant Name: Gyeongin Yu
Filer: Jae Won Song/Carol Bergeron
Attorney Docket Number: 39192-50678/US
Filed as Small Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
UTILITY APPL ISSUE FEE 2501 1 600 600
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 600

262 of 265




Electronic Acknowledgement Receipt

EFS ID: 46347315
Application Number: 17542193
International Application Number:
Confirmation Number: 1026

Title of Invention:

Dynamic Batching for Inference System for Transformer-Based Generation

Tasks
First Named Inventor/Applicant Name: Gyeongin Yu
Customer Number: 758

Filer:

Jae Won Song

Filer Authorized By:

Attorney Docket Number:

39192-50678/US

Receipt Date: 04-AUG-2022
Filing Date: 03-DEC-2021
Time Stamp: 21:24:38

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $600

RAM confirmation Number E2022841.25432784
Deposit Account 192555

Authorized User

Jae Won Song

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 {National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination proce3439,E265




37 CFR 1.19 (Document supply fees)
37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
290073
1 Issue Fee Payment (PTO-85B) 50678_Issue_Fcej?_Transmlttal. no 1
p 5d589e35cd972913fcel1565e0b4e23f8d 70
al4s
Warnings:
Information:
37905
2 Fee Worksheet (SB06) fee-info.pdf no 2
ba429591df6c35c¢1425806ab9326debaal’|
18e9d
Warnings:
Information:
Total Files Size (in bytes): 327978

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
17/542,193 09/13/2022 11442775 39192-50678/US 1026
758 7590 08/24/2022
FENWICK & WEST LLP
SILICON VALLEY CENTER

801 CALIFORNIA STREET
MOUNTAIN VIEW, CA 94041

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

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 Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.

INVENTORC(S) (Please see PAIR WEB site http://pair.uspto.gov for additional inventors):

Gyeongin Yu, Seoul, KOREA, REPUBLIC OF;
Geon-Woo Kim, Seoul, KOREA, REPUBLIC OF;
Joo Seong Jeong, Seoul, KOREA, REPUBLIC OF;
Soojeong Kim, Seoul, KOREA, REPUBLIC OF;
Byung-Gon Chun, Seoul, KOREA, REPUBLIC OF,;

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):
FriendliAI Inc., Seoul, KOREA, REPUBLIC OF;

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.
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