WO 2011/090776 1/3 PCT/US2011/000068

100

Fig. 1 /
Upper Sub-System 110

Input Data 111 —
Application 115

Output Data
m— —
Lower A 4
Sub-System Processor 121
120

Application Program Interface (APl) 125a

Data Analysis and Partitioning (DAP) 125b

Parallel Task List 116

Task Scheduler 160

Slave Processing Cores 170

Custom DSPs 130 General DSPs 140 Embedded
Processor 150
Custom DSP 131a General DSP 141a Core 151a
‘Custom DSP 131b General DSP 141b Core 151b
Custom DSP 131¢c General DSP 141c¢c Core 151c
Custom DSP 131d General DSP 141d Core 151d

Direct Memory Access (DMA) Controller 180 I-—> Memory 185 I

251



WO 2011/090776 PCT/US2011/000068
2/3
- 200
Fig. 2 V4

Input Data 211 Parallel Task List 216

Input1 = {i1, i2, i3} Output1=Task1(Input1, EDSP)

Input2 = {i4, i5, i6} Output2=Task2(Input2, gDSP)

Input3 = {i7, i8, i9} Output3=Task3(Input3, eCPU)

Inputd = {i10, i11, 112} Output4=Task4(Output1, cDSP)
Outputs=Task5(Input4, gDSP)

e

Task Scheduler 260 I

e

Slave Processing Cores 270

Custom DSPs 230

Custom DSP 131a

Busy

Custom DSP 131b

Busy

Custom DSP 131c

Execute Task1

Custom DSP 131d

Idle

General DSPs 240 Embedded

Processor 250

General DSP 141a Core 151a
Busy Busy
General DSP 141b Core 151b

Busy Execute Task3

General DSP 141c Core 151c
Busy Idle

General DSP 141d Core 151d
Execute Task2 Idle

252



WO 2011/090776 PCT/US2011/000068

3713

300

Fig. 3 /

Access a plurality of tasks each having an

: - 310
assigned priority

Determine data inputs for each of said

plurality of tasks 320

Select a subset of tasks from said plurality of
tasks based on said assigned priorities,
wherein data inputs of each of said subset of
tasks are independently accessible

330

Distribute said subset of tasks to a plurality of
slave processing cores of a multi-core 340
~ system

253



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/000068

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6F9/48 GO6F9/50
ADD.

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO6F

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

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

EPO-Internal, WPI Data, IBM-TDB, INSPEC, COMPENDEX

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X AHMAD 1 ET AL: "DPS: dynamic priority
scheduling heuristic for heterogeneous
computing systems",

IEE PROCEEDINGS: COMPUTERS AND DIGITAL
TECHNIQUES, IEE, GB,

vol. 145, no. 6,

19 November 1998 (1998-11-19), pages
411-418, XP0O06010869,

ISSN: 1350-2387, DOI:
D0I:10.1049/1P-CDT:19982345

Y abstract

page 411, left-hand column, paragraph 1 -
page 412, left-hand column, paragraph 2
page 412, right-hand column, last
paragraph - page 416, left-hand column,
paragraph 1; figure 4

_/__

1,2,4,
10-12,
14,20,21

3,5-9,
13,15-19

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,

invention
"E" ea'r_lier document but published on or after the international "X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another "Y* document of particular relevance; the claimed invention
oitation or other special reason (as specified) cannot be considered to involve an inventive step when the
"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
15 June 2011 29/06/2011
Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 340-3018 Lelait, Sylvain

Form PCT/ISA/210 (second sheet) (April 2005)

254

page 1 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/000068

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

Fadi N. Sibai: "Nearest Neighbor Affinity
Scheduling In Heterogeneous Multi-Core
Architectures",

Journal of Computer Science and
Technology,

vol. 8, no. 3

October 2008 (2008-10), pages 144-150,
XP002642074,

Retrieved from the Internet:
URL:http://journal.info.unlp.edu.ar/Journa
1/journal24/papers/JCST-0ct08-3.pdf
[retrieved on 2011-06-15]

abstract

page 145, left-hand column, last paragraph
- page 147, right-hand column, last
paragraph; figure 3

CEDRIC AUGONNET, SAMUEL THIBAULT, RAYMOND
NAMYST AND PIERRE-ANDRE WACRENIER:
"StarPU: A Unified Platform for Task
Scheduling on Heterogeneous Multicore
Architectures",

EURO-PAR 2009 PARALLEL PROCESSING,
SPRINGER BERLIN HEIDELBERG, BERLIN,
HEIDELBERG,

vol. 5704, 25 August 2009 (2009-08-25),
pages 863-874, XP019127294,

ISBN: 978-3-642-03868-6

abstract

page 864, paragraph 3 - last paragraph
page 865, paragraph 3 - page 868,
paragraph 2; table 1

page 871, paragraph 2

US 20037149716 Al (PETERSON RICKY MERLE
[US]) 7 August 2003 (2003-08-07)
abstract; figures 1,2,4

page 1, paragraph 7

page 2, paragraph 16 - paragraph 20

page 2, paragraph 26 - page 3, paragraph
28

page 3, paragraph 35 - page 5, paragraph
42

_/__

1-4,
10-14,
20,21

9,19

1,10,11,
20,21

3,5,8,
13,15,18

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

255

page 2 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/000068

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y SHELEPOV D ET AL: "HASS: a scheduler for 6,7,16,

heterogeneous multicore systems", 17

OPERATING SYSTEMS REVIEW ACM USA,

vol. 43, no. 2, April 2009 (2009-04),

pages 66-75, XP002642075,

ISSN: 0163-5980

abstract

page 66, left-hand column, paragraph 1 -

right-hand column, paragraph 3

page 67, left-hand column, paragraph 1

page 67, right-hand column, paragraph 6 -

page 69, right-hand column, paragraph 2
A US 2007/033592 Al (ROEDIGER ROBERT R [US] 1-21

ET AL) 8 February 2007 (2007-02-08)

abstract; figures 1,4,5

page 1, paragraph 3

page 2, paragraph 20

page 3, paragraph 30 - paragraph 34

page 4, paragraph 39 - page 5, paragraph

51

page 6, paragraph 54

page 6, paragraph 56

page 8, paragraph 66
Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 3 of 3

256




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2011/000068
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2003149716 Al 07-08-2003  JP 4117202 B2 16-07-2008
JP 2003241980 A 29-08-2003
TW 1235952 B 11-07-2005
US 2007033592 Al 08-02-2007 CA 2616070 Al 15-02-2007
CN 101233489 A 30-07-2008
EP 1920331 Al 14-05-2008
WO 2007017456 Al 15-02-2007

Form PCT/ISA/210 (patent family annex) (April 2005)

257




PTO/SB/140

Doc Code: PET.AUTO U.S. Patent and Trademark Office
Document Description: Petition automatically granted by EFS-Web Department of Commerce
Electronic Petition Request PETITION TO WITHDRAW AN APPLICATION FROM ISSUE AFTER PAYMENT OF

THE ISSUE FEE UNDER 37 CFR 1.313(c)

Application Number 17212903

Filing Date 25-Mar-2021
First Named Inventor Mark Sandstrom
Art Unit 2196

Examiner Name

Attorney Docket Number P50206U510

Title MANAGING PROGRAMMABLE LOGIC-BASED PROCESSING UNIT ALLOCATION ON A

PARALLEL DATA PROCESSING PLATFCRM

An application may be withdrawn from issue for further action upon petition by the applicant. To request that the Office
withdraw an application from issue, applicant must file a petition under this section including the fee set forth in § 1.17(h} and a
showing of good and sufficient reasons why withdrawal of the application from issue is necessary.

APPLICANT HEREBY PETITIONS TO WITHDRAW THIS APPLICATION FROM ISSUE UNDER 37 CFR 1.313{(c).

A grantable petition requires the following items:

{1) Petition fee; and

{2) One of the following reasons:

{a) Unpatentability of one or more claims, which must be accompanied by an unequivocal statement that one or more claims
are unpatentable, an amendment to such claim or claims, and an explanation as to how the amendment causes such claim or
claims to be patentable;

{b) Consideration of a request for continued examination in compliance with § 1.114 {for a utility or plant application only}; or
{c} Express abandonment of the application. Such express abandonment may be in favor of a continuing application, but not a
CPA under 37 CFR 1.53(d).

Petition Fee

(® Small Entity

(O Micro Entity

(O Regular Undiscounted

Reason for withdrawal from issue

258




(O One or more claims are unpatentable

(®) Consideration of a request for continued examination (RCE) (List of Required Documents and Fees)

O Applicant hereby expressly abandons the instant application (any attorney/agent signing for this reason must
have power of attorney pursuant to 37 CFR 1.32(b)).

RCE request,submission, and fee.

| certify, in accordance with 37 CFR 1.4(d)(4) that :
The RCE request ,submission, and fee have already been filed in the above-identified application on

Are attached.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who has been given power of attorney
in this application.

(O An attorney or agent registered to practice before the Patent and Trademark Office, acting in a representative capacity.

(O Asoleinventor

O A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

(O Ajoint inventor; all of whom are signing this e-petition

Signature /Natalie J. Grace/
Name Natalie J. Grace
Registration Number 65803

259



Electronic Patent Application Fee Transmittal

Application Number:

17212903

Filing Date:

25-Mar-2021

Title of Invention:

MANAGING PROGRAMMABLE LOGIC-BASED PROCESSING UNIT ALLOCATION
ON A PARALLEL DATA PROCESSING PLATFORM

First Named Inventor/Applicant Name:

Mark Henrik Sandstrom

Filer:

Natalie J. Grace/Jon Bhatty

Attorney Docket Number:

P50206US10

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
PETITION FEE-37CFR 1.17(H) (GROUP 1) 2464 1 70 70
RCE- 1ST REQUEST 2801 1 680 680

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

260




Description

Fee Code

Quantity

Amount

Sub-Total in

UsD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 750

261




UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Decision Date: September 3, 2021
In re Application of :
DECISION ON PETITION

UNDER CFR 1.313(c)(2)

Mark Henrik Sandstrom

Application No : 17212903

Filed : 25-Mar-2021
Attorney Docket No: p50206US10

This is an electronic decision on the petition under 37 CFR 1.313(c)(2), filed September 3, 2021 to withdraw the above-identified
application from issue after payment of the issue fee.

The petition is GRANTED.

The above-identified application is withdrawn from issue for consideration of a submission under 37 CFR 1.114 (request for

continued examination). See 37 CFR 1.313(c)(2).

Petitioner is advised that the issue fee paid in this application cannot be refunded. If, however, this application is again
allowed, petitioner may request that it be applied towards the issue fee required by the new Notice of Allowance.

Telephone inquiries concerning this decision should be directed to the Patent Electronic Business Center (EBC) at 866-217-9197.

This application file is being referred to Technology Center AU 2196 for processing of the request for continuing examination
under 37 CFR 1.114.

Office of Petitions

262



Electronic Acknowledgement Receipt

EFS ID: 43683010
Application Number: 17212903
International Application Number:
Confirmation Number: 3714

Title of Invention:

MANAGING PROGRAMMABLE LOGIC-BASED PROCESSING UNIT ALLOCATION
ON A PARALLEL DATA PROCESSING PLATFORM

First Named Inventor/Applicant Name:

Mark Henrik Sandstrom

Customer Number:

179167

Filer:

Natalie J. Grace/Jon Bhatty

Filer Authorized By:

Natalie J. Grace

Attorney Docket Number: P50206US10
Receipt Date: 03-SEP-2021
Filing Date: 25-MAR-2021
Time Stamp: 17:43:35

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $750

RAM confirmation Number E202193H43263328
Deposit Account 601484
Authorized User Jon Bhatty

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 processing fees)

263




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 s . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (if appl.)
1349998
1 Request for ConthLEJed Examination P50206US10_RCE.pdf no 3
( ) a4233bd2f323714c7d0abe6b0e148714ab3
fad2c
Warnings:
Information:
189428
Quick Path Information Disclosure P50206US10_CertificationRegf
2 Statement orQPIDS.pdf no 2
a p a0d6baf1f590607fc35898ccfa5510d14f8ac|
Warnings:
Information:
1037310
3 Information D;sclos(usrgosst)atement (IDS) P50206U510_IDS.pdf no -
orm f0a697458f9d78f581dbb4fda05916d75524]
b3e6
Warnings:
Information:
3615454
. EP1372084A2_Original_docum
4 Foreign Reference hy -~ no 34
ent_2021 0902 1 85420pdf 873fb64961b0d5b080a10dcb7 1d972a30a
96c8b
Warnings:
Information:
6882689
. EP2328077B1_Original_docum
5 Foreign Reference y - no 93
e nt_202 1 0902200033 pdf fa2f768c586be31a195750d1800688e474c]|
Warnings:
Information:
2101695
. W02008061162A1_Original_d
6 Foreign Reference by — no 31
OCument_202109021 9331 1 pdf c18b847389ce34159abeSeb2c3300f4d85d|
7d6ef
Warnings:
Information:

264




Foreign Reference

2601143

W02010037177A1_Original_d
ocument_20210902203921.pdf]

9901804c4fd80a78472d8542092844023a5|

no

37

Warnings:

Information:

Foreign Reference

1561788

W02011090776A1_Original_d
ocument_20210902193504.pdf]

8339b8cec2bcd53003f231deeeS52aa9dbad|

no

27

Warnings:

Information:

Non Patent Literature

710561

Compton_2002.pdf

00455d6f3fa3bf507d740660f4690585f0eb

no

40

Warnings:

Information:

10

Non Patent Literature

210532

Elgindy_2001.pdf

374c0380675425523affe166d3a00f1745f7|
403f

no

Warnings:

Information:

1

Non Patent Literature

1145266

Feitselson_1997.pdf

b3f8b1480488ee95e7666184367a7b5d25¢]
1c8e9

no

175

Warnings:

Information:

12

Non Patent Literature

106072

G_Chen_2004.pdf

bca0221c1ebc565911834a71c97bc897089)

no

Warnings:

Information:

13

Non Patent Literature

40641

Hauck_1998.pdf

9b3f7b6d95de8940ffb98df7ceb1ffc3ac82f]

no

Warnings:

Information:

265




14

Non Patent Literature

Rutten_2002.pdf

701489

dcb474db3a4c71e54d0c5d101f2453e5804)
350a0

no

Warnings:

Information:

15

Non Patent Literature

Schmit_2000.pdf

626277

04009243fdb0a625f502c833852599c3f4as]
a049

no

Warnings:

Information:

16

Non Patent Literature

Teich_1999.pdf

274459

ae761c72ef79c05d675b78cfd 7fe44b1de3e]
e831

no

Warnings:

Information:

17

Non Patent Literature

Teich_2001.pdf

143898

ble241cc93e9dace8269d7928127cbel4cc|
5ec92

no

Warnings:

Information:

18

Non Patent Literature

Walder_2003.pdf

156701

ea0dd711b8657780cefaa73ac2f58e9e9923]
2dfe

no

Warnings:

Information:

19

Non Patent Literature

Wigley_2001.pdf

153747

66f7006f1f29925146150f744015%aab1c58

no

Warnings:

Information:

20

Non Patent Literature

Casavant_1988_.pdf

1633645

945969ebbdaec48757447f315adab14b247]
97a8b

no

Warnings:

Information:

266




21

Non Patent Literature

Diessel_1999_.pdf

1224544

7aba996d59faacd4337b0a71141d3bed532
7ced0

no

21

Warnings:

Information:

22

Non Patent Literature

Fangpeng_2006_.pdf

1537929

a%21b92a39c23954a85178f2cdfdbOecd6 1]
29c6

no

55

Warnings:

Information:

23

Non Patent Literature

Kazuya_2006_.pdf

163366

ec629f46866aba1dfab9a7176bad29102c84
4b0e

no

Warnings:

Information:

24

ePetition Request Form

petition-request.pdf

39882

€2401d30fad0114b6ca8c4674a3d82d90cS|
d9e70

no

Warnings:

Information:

25

Fee Worksheet (SB06)

fee-info.pdf

40213

dfoSefc1e9729d9d274d612d6e893ac61d0)

no

Warnings:

Information:

Total Files Size (in bytes){

28248727

267




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.

268




e UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov

83

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
17/212,903 09/07/2021 11113108 P50206US10 3714
179167 7590 08/18/2021
Gardella Grace P.A.

80 M Street SE, 1st Floor
Washington, DC 20003

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 0 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 Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Mark Henrik Sandstrom, Alexandria, VA;
ThroughPuter, Inc., Williamsburg, VA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)

269



UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
17/212,903 03/25/2021 2196 830 P50206US10 15 3
CONFIRMATION NO. 3714
179167 CORRECTED FILING RECEIPT

50 M Sroat SE, 141 Floor A A

Washington, DC 20003
Date Mailed: 08/09/2021

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)

Mark Henrik Sandstrom, Alexandria, VA;
Applicant(s)

ThroughPuter, Inc., Williamsburg, VA;
Assignment For Published Patent Application

ThroughPuter, Inc., Williamsburg, VA

Power of Attorney: The patent practitioners associated with Customer Number 179167

Domestic Priority data as claimed by applicant
This application is a CON of 17/034,404 09/28/2020 PAT 10963306
which is a CON of 16/847,341 04/13/2020 PAT 10789099
which is a CON of 16/577,909 09/20/2019 PAT 10620998
which is a CON of 16/399,593 04/30/2019 PAT 10437644
which is a CON of 16/226,502 12/19/2018 PAT 10310902
which is a CON of 16/145,632 09/28/2018 PAT 10310901
which is a CON of 16/014,674 06/21/2018 PAT 10133600
which is a CON of 14/521,490 10/23/2014 PAT 10453106
which is a CON of 13/297,455 11/16/2011 ABN
which claims benefit of 61/556,065 11/04/2011
and said 16/145,632 09/28/2018
is a CON of 16/014,674 06/21/2018 PAT 10133600
which is a CON of 15/933,724 03/23/2018 PAT 10061615
which is a CON of 15/273,731 09/23/2016 PAT 10514953

page 1of 4

270



which is a CON of 15/183,860 06/16/2016 PAT 9465667
which is a DIV of 15/042,159 02/12/2016 PAT 9400694
which is a CON of 14/261,384 04/24/2014 PAT 9262204
which is a CON of 13/684,473 11/23/2012 PAT 8789065
which claims benefit of 61/657,708 06/08/2012

and claims benefit of 61/673,725 07/19/2012

and claims benefit of 61/721,686 11/02/2012

and claims benefit of 61/727,372 11/16/2012

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

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: 06/21/2021

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/212,903

Projected Publication Date: 09/30/2021
Non-Publication Request: No

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

MANAGING PROGRAMMABLE LOGIC-BASED PROCESSING UNIT ALLOCATION ON A
PARALLEL DATA PROCESSING PLATFORM

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

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

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

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

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.
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NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

179167 7590 08/03/2021 Certificate of Mailing or Transmission
Gardella Grace P.A I hereby certify that this Fee(s) Transmittal is being deposited with the United
o States Postal Service with sufficient postage for first class mail in an envelope
80 M Street SE, 1st Floor addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Washington DC 20003 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
(Typed or printed name)
(Signature)
(Date)l
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
17/212,903 03/25/2021 Mark Henrik Sandstrom P50206US10 3714
TITLE OF INVENTION: MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC
| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $600 $0.00 $0.00 $600 11/03/2021

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
SUN, CHARLIE 2196 718-104000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys Gardella Grace P.A
or agents OR, alternatively, 1 i

M| Change of correspondence address (or Change of Correspondence

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

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

(] "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

|95}

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

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

ThroughPuter, Inc. Williamsburg, Virginia

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

4a. Fees submitted: Xlissue Fee (JPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

X Electronic Payment via EFS-Web [ Enclosed check (] Non-electronic payment by credit card (Attach form PTO-2038)
(A The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. _ 601484

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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

/Natalie J. Grace/ pae August 5, 2021

Authorized Signature

Typed or printed name Natalie J. Grace Registration No. 65 ’ 803
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Electronic Patent Application Fee Transmittal

Application Number:

17212903

Filing Date:

25-Mar-2021

Title of Invention:

MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING

FABRIC

First Named Inventor/Applicant Name:

Mark Henrik Sandstrom

Filer:

Natalie J. Grace/Anthony Gorney

Attorney Docket Number:

P50206US10

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description

Fee Code Quantity Amount

Sub-Total in
USD(S)

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

Sub-Total in
USD(S)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

600
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Electronic Acknowledgement Receipt

EFS ID: 43434016
Application Number: 17212903
International Application Number:
Confirmation Number: 3714

Title of Invention:

MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING

FABRIC

First Named Inventor/Applicant Name:

Mark Henrik Sandstrom

Customer Number:

179167

Filer:

Natalie J. Grace/Anthony Gorney

Filer Authorized By:

Natalie J. Grace

Attorney Docket Number: P50206US10
Receipt Date: 05-AUG-2021
Filing Date: 25-MAR-2021

Time Stamp: 16:50:17

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $600

RAM confirmation Number E202185G53173271
Deposit Account 601484
Authorized User Anthony Gorney

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

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
ocument .. . File Size(Byte Multi Page
Docu Document Description File Name e Size( y sV Ut. . ages
Number Message Digest | Part/.zip| (if appl.)
115917
17212903_2021-08-05_Throug
1 Issue Fee Payment (PTO-85B) hputer_P50206US10_lIssueFeeT] no 1
ransmittal _pdf bac5d5419e04129a07305a046d94c0ffod 2af]
bae
Warnings:
Information:
37761
2 Fee Worksheet (SB06) fee-info.pdf no 2
dc8b6759b0d4f11142cf030af48ecce71477)
dcas
Warnings:
Information:
Total Files Size (in bytes){ 153678

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 PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
179167 7590 08/03/2021
Gardella Grace P.A. SUN, CHARLIE
80 M Street SE, 1st Floor
Washington, DC 20003 | ARTUNIT PAPER NUMBER |
2196
DATE MAILED: 08/03/2021
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
17/212,903 03/25/2021 Mark Henrik Sandstrom P50206US10 3714

TITLE OF INVENTION: MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

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

nonprovisional SMALL $600 $0.00 $0.00 $600 11/03/2021

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

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

HOW TO REPLY TO THIS NOTICE:

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

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

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

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

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

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

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

www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

179167 7590 08/03/2021 Certificate of Mailing or Transmission
Gardella Grace P.A I hereby certify that this Fee(s) Transmittal is being deposited with the United
o States Postal Service with sufficient postage for first class mail in an envelope
80 M Street SE, 1st Floor addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Washington DC 20003 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
(Typed or printed name)
(Signature)
(Date)l
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
17/212,903 03/25/2021 Mark Henrik Sandstrom P50206US10 3714
TITLE OF INVENTION: MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC
| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $600 $0.00 $0.00 $600 11/03/2021

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
SUN, CHARLIE 2196 718-104000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

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

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

(] "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

|95}

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

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

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

4a. Fees submitted: [MIssue Fee (JPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Blectronic Payment via EFS-Web [ Enclosed check (] Non-electronic payment by credit card (Attach form PTO-2038)

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

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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

Authorized Signature Date
Typed or printed name Registration No.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

I APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/212,903 03/25/2021 Mark Henrik Sandstrom P50206US10 3714
| EXAMINER |
179167 7590 08/03/2021
Gardella Grace P.A. SUN, CHARLIE
80 M Street SE, 1st Floor
Washington, DC 20003 | ARTUNIT PAPER NUMBER |

2196

DATE MAILED: 08/03/2021

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

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

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

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

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

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

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

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

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

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

8. 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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attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
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result in termination of proceedings or abandonment of the application or expiration of the patent.
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The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
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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
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may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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EAST Search History (Prior Art)

Ref Hits Search Query | DBs Defa | Plurals Time Stamp
# ult
Oper
ator
L1 0 (GO6F9/5011,546,544,46,54,5016,5027, | US-PGPUB; | OR ON 2021/07/29 11:10
5038,505,4881.cpc. 718/$.ccls. 709/$.ccls. ) | USPAT;
and (add$3 provision$3 attach$3 append$3 | USOCR;
affic$3 prepend$3 ) near3 (FPGA PLD | JPO
processor CPU ASIC processing near unit )
with (observ$3 watch$3 track$3 survey$3
check$3 monitor$3) near3 (characteristic
attribute quality property trait aspect
lelement feature ) and @pd>"20210715"
L2 0 (GO6F9/5011,546,544,46,54,5016,5027, | US-PGPUB; | OR ON 2021/07/29 11:10
5038,505,4881.cpc. 718/$.ccls. 709/$.ccls. ) | USPAT;
and (add$3 provision$3 attach$3 append$3 | USOCR;
affic$3 connect$3 prepends$3 ) near3 (FPGA | JPO
PLD processor CPU ASIC processing near
unit ) with (demand request command) with
monitor$3 with (characteristic attribute
quality property trait aspect lelement
feature ) and @pd>"20210715"
L3 0 (GO6F9/5011,546,544,46,54,5016,5027, | US-PGPUB; | OR ON 2021/07/29 11:10
5038,505,4881.cpc. 718/$.ccls. 709/$.ccls. ) | USPAT;
and (add$3 provision$3 attach$3 append$3 | USOCR;
affic$3 connect$3 prepend$3 ) near3 (FPGA | JPO
PLD processor CPU ASIC processing near
unit ) with (observ$3 watch$3 track$3
survey$3 check$3 monitor$3) near3
(characteristic attribute quality property trait
aspect lelement feature )and
@pd>"20210715"
S1 106 ((("Sandstrom") near3 ("Mark") near3 | US-PGPUB; | OR ON 2021/07/12 06:19
("Henrik"))).INV. | USPAT;
USOCR
S2 45,731 GO6F9/5011,546,544,46,54,5016,5027, | US-PGPUB; | OR ON 2021/07/12 06:20
5038,505,4881.cpc. | USPAT;
USOCR;
JPO
S3 18,741 GO6F9/5011,546,544,46,54,5016,5027, | US-PGPUB; | OR ON 2021/07/12 06:22
5038,505,4881.cpc. and @ad<"20121116" | USPAT;
USOCR;
JPO
S4 19,613, GO06F9/5011,546,544,46,54,5016,5027, | US-PGPUB; | OR ON 2021/07/12 08:00
693 5038,505,4881.cpc. and demand with | USPAT;
monitor$3 chanracteristic @ad<"20121116" | USOCR;
JPO
S5 19,613, GO06F9/5011,546,544,46,54,5016,5027, | US-PGPUB; | OR ON 2021/07/12 08:00
261 5038,505,4881.cpc. and demand with | USPAT;
monitor$3 with chanracteristic | USOCR;
@ad<"20121116" | JPO
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S6

S7

S8

S9

S10

S11

S12

19,613,
261

233

GO06F9/5011,546,544,46,54,5016,5027,
5038,505,4881.cpc. and (demand request
command) with monitor$3 with
chanracteristic @ad<"20121116"

GO06F9/5011,546,544,46,54,5016,5027,
5038,505,4881.cpc. and (demand request
command) with monitor$3 with
chanracteristic and @ad<"20121116"

GO06F9/5011,546,544,46,54,5016,5027,
5038,505,4881.cpc. and (demand request
command) with monitor$3 with
(characteristic attribute quality property trait
aspect lelement feature )and
@ad<"20121116"

GO06F9/5011,546,544,46,54,5016,5027,
5038,505,4881.cpc. and (add$3) with (FPGA
PLD processor CPU ASIC processing near
unit ) with (demand request command) with
monitor$3 with (characteristic attribute
quality property trait aspect lelement
feature )and @ad<"20121116"

GO06F9/5011,546,544,46,54,5016,5027,
5038,505,4881.cpc. and (add$3 provision$3
) with (FPGA PLD processor CPU ASIC
processing near unit ) with (demand request
command) with monitor$3 with
(characteristic attribute quality property trait
aspect lelement feature )and
@ad<"20121116"

GO06F9/5011,546,544,46,54,5016,5027,
5038,505,4881.cpc. and (add$3 provision$3
attach$3 append$3 affic$3 connect$3
prepend$3 ) with (FPGA PLD processor CPU
ASIC processing near unit ) with (demand
request command) with monitor$3 with
(characteristic attribute quality property trait
aspect lelement feature )and
@ad<"20121116"

(GO6F9/5011,546,544,46,54,5016,5027,
5038,505,4881.cpc.) and (add$3
provision$3 attach$3 append$3 affic$3
connect$3 prepend$3 ) with (FPGA PLD
processor CPU ASIC processing near unit )
with (demand request command) with
monitor$3 with (characteristic attribute
quality property trait aspect lelement
feature )and @ad<"20121116"

US-PGPUB;
USPAT;
USOCR;
JPO

US-PGPUB;
USPAT;
USOCR;
JPO

US-PGPUB;
USPAT;
USOCR;
JPO

US-PGPUB;
USPAT;
USOCR;
JPO

US-PGPUB;
USPAT;
USOCR;
JPO

US-PGPUB;
USPAT;
USOCR;
JPO

US-PGPUB;
USPAT;
USOCR;
JPO

OR

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

2021/07/12 08:00

2021/07/12 08:00

2021/07/12 08:02

2021/07/12 08:03

2021/07/12 08:03

2021/07/12 08:05

2021/07/12 08:05
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S13 2
S14 9
S15 22
S16 5
S17 1
S18 17

(GO6F9/5011,546,544,46,54,5016,5027,
5038,505,4881.cpc. 718/$.ccls. 709/$.ccls. )
and (add$3 provision$3 attach$3 append$3
affic$3 connect$3 prepend$3 ) near3 (FPGA

PLD processor CPU ASIC processing near
unit ) with (demand request command) with
monitor$3 with (characteristic attribute
quality property trait aspect lelement
feature )and @ad<"20121116"

(GO6F9/5011,546,544,46,54,5016,5027,
5038,505,4881.cpc. 718/$.ccls. 709/$.ccls. )
and (add$3 provision$3 attach$3 append$3
affic$3 connect$3 prepend$3 ) near3 (FPGA

PLD processor CPU ASIC processing near
unit ) with (demand request command) with
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF: |

THROUGHPUTER INC. | EXAMINER: SUN, CHARLIE
APPLICATION NO.: 17/212,903 | GROUP ART UNIT: 2196
FILED: MARCH 25, 2021 | DOCKET NO. P50206US10

FOR: MANAGING RESOURCE |
SHARING IN A MULTI-CORE DATA
PROCESSING FABRIC

RESPONSE TO NON-FINAL OFFICE ACTION

MAIL STOP AMENDMENTS
COMMISSIONER FOR PATENTS
P.0. BOX 1450

ALEXANDRIA, VIRGINIA 22313

Commissioner:

In response to the Non-Final Office Action dated July 15, 2021, please amend the above-
identified application as follows.

If extensions of time are necessary to prevent abandonment of this application, then such
extensions of time are hereby petitioned. Applicant does not believe that any fees are due at this
time. If, however, any fees are required, including fees for extensions of time, then the
Commissioner is authorized to charge such fees to Gardella Grace P.A. deposit account number
601484, referencing docket number P50206US10.

Amendments to the Claims begin on page 2 of this paper.

Remarks begin on page 8 of this paper.
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AMENDMENTS TO THE CLAIMS

Please amend the claims as follows:

Claim 1 (Cancelled).

Claim 2 (Previously Presented). A method on a parallel data processing platform comprising a
plurality of programmable logic-based processing units for accelerating a service comprising at
least a first program and a second program, different than the first program, the method
comprising:
forming a first set of inter-task communication paths connecting a first set of programmable
logic-based processing units of the plurality of programmable logic-based processing
units into a first multi-stage program instance, wherein the first multi-stage program
instance is configured to accelerate the first program, and wherein the first set of
programmable logic-based processing units are interconnected using reconfigurable
cross-connects;
forming a second set of inter-task communication paths connecting a second set of
programmable logic-based processing units of the plurality of programmable logic-based
processing units to a second multi-stage program instance, wherein the second multi-
stage program instance is configured to accelerate the second program, and wherein the
second set of programmable logic-based processing units are interconnected using
reconfigurable cross-connects;
in response to a first increased demand for the first multi-stage program instance determined

by monitoring a first characteristic corresponding to the first set of programmable logic-
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based processing units, based on an adaptive optimized resource allocation policy, adding
at least one more programmable logic-based processing unit to the first set of
programmable logic-based processing units from the plurality of programmable logic-
based processing units; and

in response to a second increased demand for the second multi-stage program instance
determined by monitoring a second characteristic different from the first characteristic,
corresponding to the second set of programmable logic-based processing units, based on
the adaptive optimized resource allocation policy, adding at least one more
programmable logic-based processing unit to the second set of programmable logic-based

processing units from the plurality of programmable logic-based processing units.

Claim 3 (Previously Presented). The method of claim 2, wherein the allocation policy relates to

balancing load among programmable logic-based processing units.

Claim 4 (Previously Presented). The method of claim 2, wherein each of the first set of

programmable logic-based processing units comprises a field programmable gate array (FPGA).

Claim 5 (Previously Presented). The method of claim 2, wherein each of the second set of

programmable logic-based processing units comprises a field programmable gate array (FPGA).

Claim 6 (Previously Presented). The method of claim 2, wherein the first characteristic or the

second characteristic is load or utilization.
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Claim 7 (Previously Presented). A non-transitory computer program product comprising
instructions configured to perform a method parallel data processing platform comprising a
plurality of programmable logic-based processing units for accelerating a service comprising at
least a first program and a second program different than the first program, the method
comprising:
forming a first set of inter-task communication paths connecting a first set of programmable
logic-based processing units of the plurality of programmable logic-based processing
units into a first multi-stage program instance, wherein the first multi-stage program
instance is configured to accelerate the first program, and wherein the first set of
programmable logic-based processing units are interconnected using reconfigurable
cross-connects;
forming a second set of inter-task communication paths connecting a second set of
programmable logic-based processing units of the plurality of programmable logic-based
processing units to a second multi-stage program instance, wherein the second multi-
stage program instance is configured to accelerate the second program, and wherein the
second set of programmable logic-based processing units are interconnected using
reconfigurable cross-connects;
in response to a first increased demand for the first multi-stage program instance determined
by monitoring a first characteristic corresponding to the first set of programmable logic-
based processing units, based on an adaptive optimized resource allocation policy, adding
at least one more programmable logic-based processing unit to the first set of
programmable logic-based processing units from the plurality of programmable logic-

based processing units; and
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in response to a second increased demand for the second multi-stage program instance
determined by monitoring a second characteristic different from the first characteristic,
corresponding to the second set of programmable logic-based processing units, based on
the adaptive optimized resource allocation policy, adding at least one more
programmable logic-based processing unit to the second set of programmable logic-based

processing units from the plurality of programmable logic-based processing units.

Claim 8 (Previously Presented). The non-transitory computer program product of claim 7,
wherein the allocation policy relates to balancing load among programmable logic-based

processing units.

Claim 9 (Previously Presented). The non-transitory computer program product of claim 7,

wherein each of the first set of programmable logic-based processing units comprises a field

programmable gate array (FPGA).

Claim 10 (Previously Presented). The non-transitory computer program product of claim 7,

wherein each of the second set of programmable logic-based processing units comprises a field

programmable gate array (FPGA).

Claim 11 (Previously Presented). The non-transitory computer program product of claim 7,

wherein the first characteristic or the second characteristic is load or utilization.

Claim 12 (Currently Amended). A system comprising:
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a plurality of programmable logic-based processing units, each processing unit being
configurable in at least a first configuration and a second configuration, different from the
first configuration;

a first set of inter-task communication paths connecting a first set of programmable logic-
based processing units of the plurality of programmable logic-based processing units into
a first multi-stage program instance, wherein the first-multi-stage program instance is
configured to accelerate the first program, and wherein the first set of programmable
logic-based processing units are interconnected using reconfigurable cross-connects;

a second set of inter-task communication paths connecting a second set of programmable
logic-based processing units of the plurality of programmable logic-based processing
units to a second multi-stage program instance configured to execute the second program,
and wherein the second set of programmable logic-based processing units are
interconnected using reconfigurable cross-connects; and

a hardware logic and/or one or more processors executing computer-executable

instructions configured to

(1) add, based on an allocation policy, in response to a first increased demand for the
first multi-stage program instance determined by monitoring a first characteristic
corresponding to the first set of programmable logic-based processing units, at
least one more programmable logic-based processing unit to the first set of
programmable logic-based processing units from the plurality of programmable
logic-based processing units, and

(2) add, based on the allocation policy, in response to a second increased demand for

the second multi-stage program instance determined by monitoring a second
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characteristic, different from the first characteristic, corresponding to the second
set of programmable logic-based processing units, at least one more
programmable logic-based processing unit to the second set of programmable
logic-based processing units from the plurality of programmable logic-based

processing units.

Claim 13 (Previously Presented). The system of claim 12, wherein the allocation policy relates to

balancing load among programmable logic-based processing units.

Claim 14 (Previously Presented). The system of claim 12, wherein each of the first set of

programmable logic-based processing units comprises a field programmable gate array (FPGA).

Claim 15 (Previously Presented). The system of claim 12, wherein each of the second set of

programmable logic-based processing units comprises a field programmable gate array (FPGA).

Claim 16 (Previously Presented). The system of claim 12, wherein the first characteristic or the

second characteristic is load or utilization.
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REMARKS
Status of the Claims
Claims 2-16 are currently pending. Claim 1 is cancelled. Claim 12 is currently amended.

The present amendments introduce no new matter.

Examiner Interview

The undersigned extends her gratitude to Examiner Sun for the telephone interview of
Friday, July 16, 2021. During the interview, language for amending independent claim 12 to
overcome the §101 rejections was discussed. Applicant has amended claim 12 consistent with

that discussion.

§ 101 Rejections

In the Non-Final Office Action of July 15, 2021 (“Office Action™), claims 12-16 were
rejected under 35 U.S.C. §101 for allegedly being unpatentable. Without agreeing with or
conceding to the analysis, to advance prosecution and obtain early allowance, Applicant hereby
amends independent claim 12 as discussed during the telephone interview, rendering the

rejections moot. Applicant respectfully requests that the rejections be withdrawn.

No Disclaimers or Disavowals

Although this paper may amend the specification or claims, identify claimed features not
taught or suggested in the prior art, or otherwise distinguish the claimed subject matter from the
prior art, Applicant(s) are not conceding that the subject matter of any previously pending claim

is not patentable over the prior art. Applicant(s) reserve the right to later pursue claims covering
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any of the subject matter embraced by the previously pending claims or supported by the
specification and drawings as filed. Accordingly, the Office should not infer from this paper any

disclaimer or disavowal of any subject matter.

CONCLUSION

In view of the above, it is believed that the claims, as amended, are in condition for
allowance. Favorable reconsideration of this application is respectfully requested. The Examiner
is encouraged to contact Representative Natalie Grace at 703-740-4538 should any additional

information be necessary to advance prosecution and accelerate allowance.

Respectfully submitted,

/Natalie J. Grace /

Natalie J. Grace

Attorney of Record

Registration No. 65,803
Date: July 20, 2021

GARDELLA GRACE P.A.
80 M Street SE, 1% Floor
Washington, DC 20003
Telephone: (703) 556-9600
Facsimile: (703) 740-4541
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characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
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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
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New International Application Filed with the USPTO as a Receiving Office
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national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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D'ST:PRUS/?E(CS);\)‘ SIZE FEE (37 for small entity) for each additional 50 sheets or
: fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
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REXAFerIEI’I:{NG PRNEL\j/'\IAgLIJESRLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
L | Total " ; *x - -
= |_@rerrii6i) Minus — X $ 0 -
O | Independent N ; wxn -
E (370FpR 1.16(h)) Minus N x $0 =
= | [ Application Size Fee (37 CFR 1.16(s))
< [_J FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
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The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-87198 and select option 2.
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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. |
17/212,903 03/25/2021 Mark Henrik Sandstrom P50206US10 3714
179167 7590 07/15/2021 | EXAMINER |
Gardella Grace P.A.
80 M Street SE, 1st Floor SUN, CHARLIE
Washington, DC 20003
| ART UNIT | PAPER NUMBER |
2196
| NOTIFICATION DATE | DELIVERY MODE |
07/15/2021 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):

info@ gardellagrace.com
mark @throughputer.com
ngrace @ gardellagrace.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

17/212,903 Sandstrom, Mark Henrik
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
CHARLIE SUN 2196 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence 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 03/25/2021.
OJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)(] This action is FINAL. 2b) [v] 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)[ 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 parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 2-16 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.

6) Claim(s) 2-11 is/are allowed.

7) Claim(s) 12-16 is/are rejected.

8) [0 Claim(s) ___is/are objected to.

9) (O 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)(J The specification is objected to by the Examiner.
11)& The drawing(s) filed on 03/25/2021 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).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)3d All b)(d Some**  ¢)(J None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) [ Other:
Paper No(s)/Mail Date 03/25/2021, 03/25/2021. —
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20210712
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Application/Control Number: 17/212,903 Page 2
Art Unit: 2196

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

under the first inventor to file provisions of the AlA.

Claim Rejections - 35 USC § 101

2. 35 U.S.C. 101 reads as follows:

Whoever invents or discovers any new and useful process, machine, manufacture, or
composition of matter, or any new and useful improvement thereof, may obtain a patent
therefor, subject to the conditions and requirements of this title.

3. Claims 12-16 are rejected under 35 U.S.C. 101 as being unpatentable. The
claim(s) does/do not fall within at least one of the four categories of patent eligible

subject matter.

As per claim 12, the claim can be seen as SW per se because “a plurality of
programmable logic-based processing units . . . afirst set of inter-task
communication paths . . . a second set of inter-task communication paths . . . a
hardware logic and/or computer-executable instructions” can (under the broadest

reasonable interpretation) be SW only.

Applicant is encouraged to claim a HW construct such as a CPU and/or memory to

eliminate this issue.
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Application/Control Number: 17/212,903 Page 3
Art Unit: 2196

Conclusion
4. The prior art made of record and not relied upon is considered pertinent to

applicant's disclosure.

US2012/0303809 teaches a method for offloading tasks.

5. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to CHARLIE SUN whose telephone number is (571)270-
5100. The examiner can normally be reached on 9AM-5PM.

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

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Emerson Puente can be reached on (571)272-3652. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see https://ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private

PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
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Application/Control Number: 17/212,903 Page 4
Art Unit: 2196

If you would like assistance from a USPTO Customer Service Representative or access
to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.

/CHARLIE SUN/
Primary Examiner, Art Unit 2196
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Notice of References Cited

Application/Control No. Applicant(s)/Patent Under
17/212,903 Reexamination

Sandstrom, Mark Henrik
Examiner Art Unit
CHARLIE SUN 2196 Page 1 of 1

U.S. PATENT DOCUMENTS

* Coumzoggggfaﬁ:r?bf:}z:; Code MIVEI)- ?}?{YY Name CPC Classification US Classification
* [ A [ US-20120303809-A1 11-2012 Patel; Parveen H04L67/288 709/225
B
C
D
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FOREIGN PATENT DOCUMENTS
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T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
u
\
W
X

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

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

Notice of References Cited
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Index of Claims 17/212,903 Sandstrom, Mark Henrik
H““Hmm ““ ““‘“ “‘ ““ o oo
CHARLIE SUN 2196
v | Rejected - | Cancelled N | Non-Elected A Appeal
= Allowed + | Restricted | | Interference O | Objected
CLAIMS
(J Claims renumbered in the same order as presented by applicant O cpPA O 1.D. (J R.1.47
CLAIM DATE
Final Original | 07/12/2021
1
2 =
3 =
4 =
5 =
6 =
7 =
8 =
9 =
10 =
11 =
12 v
13 v
14 v
15 v
16 v
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Notes 17/212,903 Sandstrom, Mark Henrik
L
CHARLIE SUN 2196
CPC - Searched*
Symbol Date Examiner
GO06F9/5011 07/12/2021 cs
CPC Combination Sets - Searched*
Symbol Date Examiner
Inventor name search 07/12/2021 cs
limited text search: EAST 07/12/2021 cs
limited text search: EAST--G06F9/5011 07/12/2021 cs
NPL search: Google Scholar 07/12/2021 cs
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes Date Examiner
Interference Search

US Class/CPC US Subclass/CPC Group Date Examiner
Symbol

/CHARLIE SUN/
Primary Examiner, Art Unit 2196

U.S. Patent and Trademark Office
Page 1 of 1
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EAST Search History (Prior Art)

Ref Hits Search Query | DBs Defa | Plurals Time Stamp
# ult
Oper
ator
L1 19,613, GO06F9/5011,546,544,46,54,5016,5027, | US-PGPUB; | OR ON 2021/07/12 08:00
693 5038,505,4881.cpc. and demand with | USPAT;
monitor$3 chanracteristic @ad<"20121116" | USOCR;
JPO
L2 19,613, GO06F9/5011,546,544,46,54,5016,5027, | US-PGPUB; | OR ON 2021/07/12 08:00
261 5038,505,4881.cpc. and demand with | USPAT;
monitor$3 with chanracteristic | USOCR;
@ad<"20121116" | JPO
L3 19,613, GO06F9/5011,546,544,46,54,5016,5027, | US-PGPUB; | OR ON 2021/07/12 08:00
261 5038,505,4881.cpc. and (demand request | USPAT;
command) with monitor$3 with | USOCR;
chanracteristic @ad<"20121116" | JPO
L4 0 GO06F9/5011,546,544,46,54,5016,5027, | US-PGPUB; | OR ON 2021/07/12 08:00
5038,505,4881.cpc. and (demand request | USPAT;
command) with monitor$3 with | USOCR;
chanracteristic and @ad<"20121116" | JPO
L5 233 GO06F9/5011,546,544,46,54,5016,5027, | US-PGPUB; | OR ON 2021/07/12 08:02
5038,505,4881.cpc. and (demand request | USPAT;
command) with monitor$3 with | USOCR;
(characteristic attribute quality property trait | JPO
aspect lelement feature )and
@ad<"20121116"
L6 0 GO06F9/5011,546,544,46,54,5016,5027, | US-PGPUB; | OR ON 2021/07/12 08:03
5038,505,4881.cpc. and (add$3) with (FPGA | USPAT;
PLD processor CPU ASIC processing near | USOCR;
unit ) with (demand request command) with | JPO
monitor$3 with (characteristic attribute
quality property trait aspect lelement
feature )and @ad<"20121116"
L7 0 GO06F9/5011,546,544,46,54,5016,5027, | US-PGPUB; | OR ON 2021/07/12 08:03
5038,505,4881.cpc. and (add$3 provision$3 | USPAT;
) with (FPGA PLD processor CPU ASIC | USOCR;
processing near unit ) with (demand request | JPO
command) with monitor$3 with
(characteristic attribute quality property trait
aspect lelement feature )and
@ad<"20121116"
L8 5 GO06F9/5011,546,544,46,54,5016,5027, | US-PGPUB; | OR ON 2021/07/12 08:05
5038,505,4881.cpc. and (add$3 provision$3 | USPAT;
attach$3 append$3 affic$3 connect$3 | USOCR;
prepend$3 ) with (FPGA PLD processor CPU | JPO

ASIC processing near unit ) with (demand
request command) with monitor$3 with
(characteristic attribute quality property trait
aspect lelement feature )and
@ad<"20121116"

7/12/2021 9:39:05 AM
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EAST Search History (Prior Art)
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L11

L12

L13

L14

L15

22

17

(GO6F9/5011,546,544,46,54,5016,5027,
5038,505,4881.cpc.) and (add$3
provision$3 attach$3 append$3 affic$3
connect$3 prepend$3 ) with (FPGA PLD
processor CPU ASIC processing near unit )
with (demand request command) with
monitor$3 with (characteristic attribute
quality property trait aspect lelement
feature )and @ad<"20121116"

(GO6F9/5011,546,544,46,54,5016,5027,
5038,505,4881.cpc. 718/$.ccls. 709/$.ccls. )
and (add$3 provision$3 attach$3 append$3
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5038,505,4881.cpc. 718/$.ccls. 709/$.ccls. )
and (add$3 provision$3 attach$3 append$3

affic$3 prepend$3 ) near3 (FPGA PLD
processor CPU ASIC processing near unit )
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attribute quality property trait aspect
lelement feature )and @ad<"20121116"
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"20050013705" | "20050036515" |
"20050055694" | "20050080999" |
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"20090187756" | "20090198866" |
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"20120266176" | "20120303809" |
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4 P55857 P A2 1988-02-17 Hitachi, Ltd. appin. no. 16/399,593
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6 P6004314 P A 1994-01-04 Flectronics appin. no. 16/399,593
. submitted in related
7 B89622 P A2 1999-07-01 Sun Microsystems, Inc. appin. no. 16/399,593
submitted in related
8 236177 B A 1971-06-23 |BM appin. no. 16/399 593
. submitted in related
9 3340123 E A1 1985-05-15 Heidtmann et al. appin. no. 16/399,593
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HAN, Wei, et al., Multi-core Architectures with Dynamically Reconfigurable Array Processors for the WiMAx Physical
Jayer, Pages 115-120, 2008.
submitted in related appln. no. 16/399,593)

JEAN, J et al., Dynamic reconfirmation to support concurrent applications, IEEE Transactions on Computers, Volume
K8, Issue 6, Pages 591-602, June, 1999.
submitted in related appln. no. 16/399,593)

| OH, Gabriel H., 3 D-Stacked Memory Architectures for Multi-Core Processors, IEEE Computer Scciety, Pages
p53-464, 2008.
submitted in related appln. no. 16/399,593)

MCCAN, Cathy, et al., A Dynamic Processor Allocation Policy for Multiprogrammed Shared-Memory Multiprocessors,
11993, ACM, 33 pages (146-178).
submitted in related appln. no. 16/399,593)

SMAIL, M. |, et al, "Program-based static allocation policies for highly parallel computers,” Proceedings International
Phoenix Conference on Computers and Communications, Scottsdale, AZ, 1995, pp. 61-68.
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MORISHITA, et al., Design of a multiprocessor system supporting interprocess message communication, Journal of
6 he Faculty of Engineering, University of Tokyo, Series A, number 24, 1986, pages 36-37.
submitted in related appln. no. 16/399,593)
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becs berkeley edu/Pubs/TechRpts/2009/EECS-2009-55 pdf.
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hesis/chisai-thesis pdf.
submitted in related appln. no. 16/399,593)
BANDHOLM, Thomas et al., Dynamic Proportional Share Scheduling in Hadoop, Accessed May 18, 2018, 20 pages,
14 Hewlett-Packard Laboratories, http://citeseerx.ist.psu.edu/viewdoc/download?
H0i1=10.1.1.591 447 78&rep=rep1&type=pdf.
submitted in related applIn. no. 16/399,593)
MOHAN, Shiwali et al., Towards a Resource Aware Scheduler in Hadoop, December 21, 2009, 10 pages, Computer
15 Bcience and Engineering, University of Michigan, Ann Arbor, hitps://pdfs_semanticscholar.org/d2e3/
£ 7b60967934903f0837219772¢6972ede93e pdf.
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ITIAN, Chao et al., A Dynamic MapReduce Scheduler for Heterogeneous Workloads, 2009, pages 218-224, IEEE
16 [Computer Society, hitps://pdfs. semanticscholar.org/679f/73d810e2ac9e2e84de798d853b6fb0b0206a.pdf.
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[COOPER, Brian F. et al., Building a Cloud for Yahool, 2009, 9 pages, IEEE Computer Society Technical Committee on
Data Engineering, hitps://www researchgate. net/profile/Rodrigo_Fonseca3d/

18 publication/220282767_Building_a_Cloud_for_Yahoo/links/0912f5109da99ddf6a000000/Building-a-Cloud-for-Yahoo.
bdf.

submitted in related appln. no. 16/399,593)

FSCHER, Michael J. et al., Assigning Tasks for Efficiency in Hadoop, 2010, 11 pages, hitps://www _researchgate.net/
17

| IM, Harold C. et al., Automated Control in Cloud Computing: Challenges and Opportunities, June 19, 2009, 6 pages,
19 |JACM, hitps://iwww2_cs.duke.edu/nicl/pub/papers/acdc09-lim.pdf.
submitted in related appIn. no. 16/399,593)

WEN et al., "Minimizing Migration on Grid Environments: an Experience on Sun Grid Engine” Journal of Information
20 |rechnology and Applications, Vol. 1, No. 4, pp. 297-304 (2007)
submitted in related applIn. no. 16/399,593)

[SENTZSCH, et al., "Sun Grid Engine: Towards Creating a Compute Power Grid." IEEE Computer Society,
21 Proceedings of the 1st International Symposium on Cluster Computing and the Grid (2001).
submitted in related appIn. no. 16/399,593)

BORGES, et al., "Sun Grid Engine, a new scheduler for EGEE middleware,"” (2018).

22 submitted in related applin. no. 16/399,593)

BHANKAR, Uma, Oracle Grid Engine Administration Guide, Release 6.2 Update 7, August 2011, 202 pages, Oracle
23 [Corporation.
submitted in related appIn. no. 16/399,593)

Non-Final Rejection issued in related Application No. 13/297,455 dated March 14, 2013, 23 pages.

24 submitted in related appln. no. 16/399,593)

25 FFinal Rejection issued in related Application No. 13/297.455 dated April 18, 2013, 18 pages.
submitted in related appln. no. 16/399,593)

26 Non-Final Rejection issued in related Application No. 13/297,455 dated June 19, 2014, 15 pages.
submitted in related appln. no. 16/399,593)

27 FFinal Rejection issued in related Application No. 13/297.455 dated September 3, 2014, 18 pages.

submitted in related appln. no. 16/399,593)
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29 Final Rejection issued in related Application No. 13/297,455 dated March 26, 2015, 14 pages.
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30 Fxaminer's Answer issued in related Application No. 13/297 455 dated February 10, 2016, 9 pages.
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31 Non-Final Rejection issued in related Application No. 14/521,490 dated May 4, 2017, 19 pages.
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submitted in related appln. no. 16/399,593)
33 Non-Final Rejection issued in related Application No. 14/521,490 dated May 17, 2018, 23 pages.
submitted in related applin. no. 16/399,593)
[SHODSI, Ali, et al., Dominant Resource Faimess: Fair Allocation of Multiple Resource Types, Proceedings of NSDI
34 11: 8th USENIX Symposium on Networked Systems Design and Implementation, March 30, 2011, pages 323-336.
submitted in related appIn. no. 16/399,593)
35 Final Rejection issued in related Application No. 14/521,490 dated November 14, 2018, 21 pages.
submitted in related appln. no. 16/399,593)
36 Notice of Allowance issued in related Application 16/014,658 dated August 29, 2018, 22 pages.
submitted in related appln. no. 16/399,593)
37 Notice of Allowance issued in related Application 16/014,674 dated August 27, 2018, 21 pages.
submitted in related appln. no. 16/399,593)
38 Notice of Allowance issued in related Application No. 16/145,632 dated December 13, 2018, 11 pages.
submitted in related appln. no. 16/399,593)
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39 Partial Reconfiguration User Guide, a Xilinx, Inc. user document UG702 (v14.2) July 25, 2012.
submitted in related appln. no. 16/399,593)
DYE, David, Partial Reconfiguration of Xilinx FPGAs Using ISE Design Suite, a Xilinx, Inc. White Paper WP374 (v1.2),
40 May 30, 2012.
submitted in related applIn. no. 16/399,593)
| AMONNIER et al., Accelerate Partial Reconfiguration with a 100% Hardware Solution, Xcell Journal, Issue 79,
41 Becond Quarter 2012, pages 44-49.
submitted in related appIn. no. 16/399,593)
42 ¥ Series FPGAs Configuration User Guide, a Xilinx, Inc. User Guide UG470 (v1.4) July 19, 2012.
submitted in related appln. no. 16/399,593)
43 Partial Reconfiguration Tutorial, PlanAhead Design Tool, a Xilinx, Inc. User Guide UG743 (v14.1) May 8, 2012.
submitted in related appln. no. 16/399,593)
ITAM et al., Fast Configuration of PCI Express Technology through Partial Reconfiguration, a Xilinx, Inc. Application
44 Note XAPP883 (v1.0) November 19, 2010.
submitted in related applIn. no. 16/399,593)
BINGH, Deshanand, Implementing FPGA Design with the OpenCL Standard, an Altera Corporation White Paper
45 WP-01173-2.0, November 2012.
submitted in related appIn. no. 16/399,593)
46 First Examination Report issued in IN Application No. 401/MUM/2011 on November 9, 2018.
submitted in related appln. no. 16/399,593)
47 Notice of Allowance issued in related Application No. 16/226,502 dated February 6, 2019, 10 pages.
submitted in related appln. no. 16/399,593)
WARNEKE et al., "Nephele: efficient parallel data processing in the cloud,” MTAGS "09 Proceedings of the 2nd
48 Workshop on Many-Task Computing on Grids and Supercomputers, Article No. 8 (2009).
submitted in related appIn. no. 16/399,593)
49 Fxamination Report issued in IN Application No. 1220/MUM/2012 dated May 22, 2019
submitted in related appln. no. 16/399,593)
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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

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

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

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X 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 /Natalie J. Grace/ Date (YYYY-MM-DD) 2021-03-25
Name/Print Natalie J. Grace Registration Number k)5803

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, 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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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.8.C. 552) and the Privacy Act (5 U.5.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 record s.

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

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

03/25/2021 17/212,903 - GAU:

2198

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number

Filing Date 2021-03-25

First Named Inventor ’ Mark Henrik Sandstrom

Art Unit |

Examiner Name ‘

Attorney Docket Number | P50206US10

Bupplemental Notice of Allowability issued in Application No. 16/399,567 dated August 21, 2019.
submitted in related appln. no. 16/577,909)

Notice of Allowance issued in Application No. 16/399,567 dated June 5, 2019.
submitted in related appln. no. 16/577,909)

Notlice of Allowance issued in Application No. 16/399,593 dated July 8, 2019.
submitted in related appln. no. 16/577,909)

Notice of Allowance issued in Application No. 16/014,658 dated September 18, 2018.
submitted in related appln no. 16/847,341)

Bupplemental Notice of Allowability issued in Application No. 16/014,674 dated September 7, 2018.
submitted in related appln no. 16/847.341)

PL-FARES et al., "Hedera: Dynamic Flow Scheduling for Data Center Networks", Nsdi, Volume 10, No. 8, April 28,
P010.
submitted in related appln no. 16/847.341)

[SEORGE et al., "Novo-G: At the Forefront of Scalable Reconfigurable Supercomputing”, Computing in Science
Engineering, Volume 13, Issue 1, December 30, 2010, pp. 82-86.
submitted in related appln no. 16/847,341)

ROY et al_, "Efficient Autoscaling in the Cloud using Predictive Models for Workload Forecasting”, 2011 IEEE 4th
International Conference on Cloud Computing, Washington DG, July 4-9 2011, pp 500-507.
submitted in related appln no. 16/847.341)

FBRAHIMI et al., "Faimess via Source Throttling: A Configurable and High-Performance Fairness Substrate for Multi-
[Core Memory Systems”, ACM SIGPLAN Notices, Volume 45, No. 3, March 2010, pp. 335-346.
submitted in related appln no. 16/847,341)

10

Notice of Allowance issued in Application No. 16/847,341 dated July 23, 2020. (submitted in related appln no.
[17/034,404)

11

[SOHRINGER et al., “Operating System for Runtime Reconfigurable Multiprocessor Systems,” International Journal of
Reconfigurable Computing, February 14, 2011, pages 1-17, Volume 2011, Hindawi Publishing Corporation. (submitted
In related appln no. 17/034,404)
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Receipt date: 03/25/2021 17/212,903 ~ GAU: 2198
Application Number
Filing Date 2021-03-25

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

First Named Inventor ’ Mark Henrik Sandstrom
Art Unit |
Examiner Name ‘

Attorney Docket Number | P50206US10

ITOSS, Julio, “Work Stealing Inside GPUs,” Unive[sidade Federal do Rio Grande do Sul. Instituto de Informéatica, 39
12 bages, 2011, Curso de Ciéncia da Computagao: Enfase em Ciéncia da Computagao: Bacharelado. (submitted in
lelated appln no. 17/034.404)

[CLEMENTE et al., “A Task-Graph Execution Manager for Reconfigurable Multi-tasking Systems,” pages 73-83, 2010,

13 Microprocessors and Microsystems, Volume 34, Issues 2—4. (submitted in related appln no. 17/034,404)

VIERMANN et al., "Adaptive Traffic Scheduling Techniques for Mixed Real-Time and Streaming Applications on

14 Reconfigurable Hardware," 2010 |IEEE International Symposium on Parallel & Distributed Processing, Workshops and
Phd Forum (IPDPSW), 2010, pp. 14, doi: 10_110%/IPDPSW .2010.5470738. (submitted in related appin no.
[17/034,404)

IACOBS et al., “Reconfigurable Fault Tolerance: A Comprehensive Framework for Reliable and Adaptive FPGA-
15 Based Space Computing,” ACM Trans. Reconfigurable Technol. Syst. 5, 4, Article 21 (December 2012), 30 pages.
submitted in related appln no. 17/034,404)

BINOTTO et al., "Dynamic Self-Rescheduling of Tasks over a Heterogeneous Platform," 2008 International
16 [Conference on Reconfigurable Computing and FPGAs, 2008, pages 253-258. {(submitted in related appln no.
[17/034,404)

17 JOSELLI et al., “An architecture with automatic load balancing for real-time simulation and visualization systems,”
lournal of Computational Interdisciplinary Sciences, 2010, 1(3): 207-224. (submitted in related applin no. 17/034,404)

WU et al., "Runtime Task Allocation in Multicore Packet Processing Systems," IEEE Transactions on Parallel and
18 Distributed Systems, vol. 23, no. 10, pp. 1934-1943, Oct. 2012, doi: 10.1109/TPDS.2012.56. (submitted in related
Bppin no. 17/334,404)

DDAJIMA et al., “GPU/CPU Work Sharing with Parallel Language XcalableMP-dev for Parallelized Accelerated
19 [Computing,” 2012 41st International Conference on Parallel Processing Workshops, Pittsburgh, PA, 2012, pp. 97-106,
Hoi: 10.1109/ICPPW_2012.16. (submitted in related appln no. 17/034,404)

MAY et al., “Queueing Theory Modeling of a CPU-GPU System,” Northrup Grumman Corporation, Electronic Systems

20 Bector, May 11, 2010, 2 pages. (submitted in related appin no. 17/034,404)

RANJAN et al., “Parallelizing a Face Detection and Tracking System for Multi-Core Processors,” Proceedings of the
21 012 9th Conference on Computer and Robot Vision, CRV 2012 (2012), pages 290-297, 10.1109/CRV.2012.45.
submitted in related appln no. 17/034,404)

[SOHRINGER et al., "CAP-OS: Operating system for runtime scheduling, task mapping and resource management on
Feconfigurable multiprocessor architectures,” 2010 IEEE International Symposium on Parallel & Distributed
Processing, Workshops and Phd Forum {IPDPSW), 2010, pp. 1-8, doi: 10.1109/IPDPSW _2010.5470732. (submitted in
felated appln no. 17/034,404)
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2198
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STATEMENT BY APPLICANT
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Application Number

Filing Date

2021-03-25

First Named Inventor ’ Mark Henrik Sandstrom
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Attorney Docket Number
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23 Notice of Allowance issued in Application No. 17/034,404 dated January 19, 2021.

24 Bupplemental Notice of Allowability issued in Application No. 17/034,404 dated February 24, 2021.

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

EXAMINER SIGNATURE

Examiner Signature /CHARLIE SUN/

Date Considered ‘

07/12/2021

*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.

English language translation is attached.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP $01.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 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.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if
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Receipt date: 03/25/2021 17/212,903 ~ GAU: 2198
Application Number

Filing Date 2021-03-25

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

First Named Inventor ’ Mark Henrik Sandstrom
Art Unit |
Examiner Name ‘

Attorney Docket Number | P50206US10

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

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

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

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X 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 /Natalie J. Grace/ Date (YYYY-MM-DD) 2021-03-25
Name/Print Natalie J. Grace Registration Number k)5803

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, 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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Receipt date: 03/25/2021 17/212,903 - GAU: 2196

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.8.C. 552) and the Privacy Act (5 U.5.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 record s.

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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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. |
17/212,903 03/25/2021 Mark Henrik Sandstrom P50206US10 3714
179167 7590 07/07/2021 | EXAMINER |
Gardella Grace P.A.

80 M Street SE, 1st Floor
Washington, DC 20003

| ART UNIT [ raperUMBER |
2198
| ~omricationpate | DELIVERY MoDE |
07/07/2021 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):

info@ gardellagrace.com
mark @throughputer.com
ngrace @ gardellagrace.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

17/212,903 Sandstrom, Mark Henrik
Decision Granting Request for
Prioritized Examination (Track /) Examiner Art Unit AIA (FITF) Status
TERRI S JOHNSON OPET Yes

1. THE REQUEST FILED 25 March 2021 IS GRANTED .

The above-identified application has met the requirements for prioritized examination
A. for an original nonprovisional application (Track ).
B. 0 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
i laims, more than thir | 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;

T @ mmoO 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 TERRI JOHNSON at (571)272
-2991. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282.

/TERRI S JOHNSON/
Paralegal Specialist, OPET

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATIONNUMBER | FILING OR 371(C) DATE | FIRSTNAMED APPLICANT | ATTY. DOCKET NO./TITLE |
17/212,903 03/25/2021 Mark Henrik Sandstrom P50206US10
CONFIRMATION NO. 3714
146018 POWER OF ATTORNEY NOTICE

30 M Sifoet S, 14 OO

80 M Street SE, 1st Floor

Washington, DC 20003
Date Mailed: 06/24/2021

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 06/22/2021.
* The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(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.

/mmasfaw/
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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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
17/212,903 03/25/2021 Mark Henrik Sandstrom P50206US10
CONFIRMATION NO. 3714
179167 POA ACCEPTANCE LETTER

30 M Sifoet S, 14 O

80 M Street SE, 1st Floor

Washington, DC 20003
Date Mailed: 06/24/2021

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 06/22/2021.

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.

/mmasfaw/
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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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
17/212,903 03/25/2021 2198 830 P50206US10 15 3
CONFIRMATION NO. 3714
179167 CORRECTED FILING RECEIPT
Gardella Grace P.A.
80 M Street SE, 1st Floor AR ACTACRRREAGR A CURRAA TR

Washington, DC 20003
Date Mailed: 06/24/2021

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)

Mark Henrik Sandstrom, Alexandria, VA;
Applicant(s)

ThroughPuter, Inc., Williamsburg, VA;
Assignment For Published Patent Application

ThroughPuter, Inc., Williamsburg, VA

Power of Attorney: The patent practitioners associated with Customer Number 179167

Domestic Priority data as claimed by applicant
This application is a CON of 17/034,404 09/28/2020 PAT 10963306
which is a CON of 16/847,341 04/13/2020 PAT 10789099
which is a CON of 16/577,909 09/20/2019 PAT 10620998
which is a CON of 16/399,593 04/30/2019 PAT 10437644
which is a CON of 16/226,502 12/19/2018 PAT 10310902
which is a CON of 16/145,632 09/28/2018 PAT 10310901
which is a CON of 16/014,674 06/21/2018 PAT 10133600
which is a CON of 14/521,490 10/23/2014 PAT 10453106
which is a CON of 13/297,455 11/16/2011 ABN
which claims benefit of 61/556,065 11/04/2011
and said 16/145,632 09/28/2018
is a CON of 16/014,674 06/21/2018 PAT 10133600
which is a CON of 15/933,724 03/23/2018 PAT 10061615
which is a CON of 15/273,731 09/23/2016 PAT 10514953

page 1of 4
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which is a CON of 15/183,860 06/16/2016 PAT 9465667
which is a DIV of 15/042,159 02/12/2016 PAT 9400694
which is a CON of 14/261,384 04/24/2014 PAT 9262204
which is a CON of 13/684,473 11/23/2012 PAT 8789065
which claims benefit of 61/657,708 06/08/2012

and claims benefit of 61/673,725 07/19/2012

and claims benefit of 61/721,686 11/02/2012

and claims benefit of 61/727,372 11/16/2012

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

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: 06/21/2021

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/212,903

Projected Publication Date: 09/30/2021

Non-Publication Request: No

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

MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC
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
page 2 of 4
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in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

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

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

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

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

page 3 of 4
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No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

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

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
17/212,903 03/25/2021 830 P50206US10 15 3
CONFIRMATION NO. 3714
146018 FILING RECEIPT
Gardella Grace P.A.
80 M Street SE, 19t Floor 0 L

Washington, DC 20003
Date Mailed: 06/22/2021

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)

Mark Henrik Sandstrom, Alexandria, VA;
Applicant(s)

ThroughPuter, Inc., Williamsburg, VA;
Assignment For Published Patent Application

ThroughPuter, Inc., Williamsburg, VA

Power of Attorney: The patent practitioners associated with Customer Number 146018

Domestic Priority data as claimed by applicant
This application is a CON of 17/034,404 09/28/2020 PAT 10963306
which is a CON of 16/847,341 04/13/2020 PAT 10789099
which is a CON of 16/577,909 09/20/2019 PAT 10620998
which is a CON of 16/399,593 04/30/2019 PAT 10437644
which is a CON of 16/226,502 12/19/2018 PAT 10310902
which is a CON of 16/145,632 09/28/2018 PAT 10310901
which is a CON of 16/014,674 06/21/2018 PAT 10133600
which is a CON of 14/521,490 10/23/2014 PAT 10453106
which is a CON of 13/297,455 11/16/2011 ABN
which claims benefit of 61/556,065 11/04/2011
and said 16/145,632 09/28/2018
is a CON of 16/014,674 06/21/2018 PAT 10133600
which is a CON of 15/933,724 03/23/2018 PAT 10061615
which is a CON of 15/273,731 09/23/2016 PAT 10514953
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which is a CON of 15/183,860 06/16/2016 PAT 9465667
which is a DIV of 15/042,159 02/12/2016 PAT 9400694
which is a CON of 14/261,384 04/24/2014 PAT 9262204
which is a CON of 13/684,473 11/23/2012 PAT 8789065
which claims benefit of 61/657,708 06/08/2012

and claims benefit of 61/673,725 07/19/2012

and claims benefit of 61/721,686 11/02/2012

and claims benefit of 61/727,372 11/16/2012

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

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: 06/21/2021

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/212,903

Projected Publication Date: 09/30/2021
Non-Publication Request: No

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

MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC
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
page 2 of 4
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in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

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

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

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

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

SelectUSA

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

IN RE APPLICATION OF: |

THROUGHPUTER, INC. | EXAMINER: TO BE ASSIGNED
APPLICATION NO.: 17/212,903 | GROUP ART UNIT: 2198
FILED: MARCH 25, 2021 | DOCKET NO. P50206US10

FOR: MANAGING RESOURCE |
SHARING IN A MULTI-CORE DATA
PROCESSING FABRIC

REQUEST FOR CORRECTED FILING RECEIPT

COMMISSIONER FOR PATENTS
P.0. BOX 1450
ALEXANDRIA, VIRGINIA 22313

Commissioner:

Please issue a corrected filing receipt in view of the Corrected Application Data Sheet
(“Corrected ADS”) submitted herewith, as well as the remarks below.

If extensions of time are necessary to prevent abandonment of this application, then such
extensions of time are hereby petitioned. Applicant does not believe that any fees are due at this
time. If, however, any fees are required, including fees for extensions of time, then the
Commissioner is authorized to charge such fees to Gardella Grace P.A. deposit account number
601484, referencing docket number P50206US10.

Remarks begin on page 2 of this paper.
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Application No. 17/212,903
Request for Corrected Filing Receipt

REMARKS
Applicant’s representatives note that the Customer Number provided in the prior filed
Application Data Sheet (“ADS”) contains a typographical error. The Corrected ADS submitted

herewith corrects the customer number from 146018 to 179167.
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Application No. 17/212,903
Request for Corrected Filing Receipt

CONCLUSION

The Office is encouraged to contact the undersigned at 703-740-4538 should any

additional information be necessary to advance prosecution and accelerate allowance.

Respectfully submitted,

[Natalie J. Grace/

Natalie J. Grace
Attorney of Record
Registration No. 65,803

Date: June 22, 2021

GARDELLA GRACE P.A.
80 M Street SE, 1 Floor
Washington, DC 20003
Telephone: (703) 556-9600
Facsimile: (703) 740-4541
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CORRECTED APPLICATION DATA SHEET PTO/AIAIA (02-18)

Approved for use through 11/30/2020. OMB (681-0032
(4.8, Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1888, no persons are required o respond 1o a collection of information uniess it contains a valid OMB control number,

Attormney Docket Number | P50208US10

Application Data Shest 37 CFR 1.7
pplication Data Shest 37 C & Appication Nurmber 171212,903

Title of Invention | MANAGING RESQOURCE SHARING IN A MULTHCORE DATA PROCESSING FABRIC

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

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

Secrecy Order 37 CFR 5.2:

; Portions or all of the application associated with this Application Diala Sheet may fall under a Secrecy Order pursuant io
! 37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronicaliy.)

inventor Information:

inventor 1
Lagal Name

Prafix] Glven NMame Middle Name Family Nams Suffix

Residence information {Select One) (8 USResidency (O NonUS Raesidency () Active US Military Service
City , State/Province 1 E Country of Residencd

Mailing Address of Inventor:

Adidress 1

Addrass 2

City | Stats/Frovinee
Postal Code [ | Countryl

Al Inventors Must Be Listed - Additional invenior information blocks may be
generated within this form by selecting the Add bution.

Correspondence Information:

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

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

Customer Number HE0HS- 179167

Emailf Address info@gardeliagrace.com

Application Information:

Title of the Invention MANAGING RESCURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC
Attornsy Dockst Number] PS0208US10 Smiall Entity Status Claimed
Application Type

Subject Matter

Total Mumber of Drawing Shesis {if any)} Suggested Figurs for Publication {if any)

£F8 Web 2.2.13
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CORRECTED APPLICATION DATA SHEET PTO/AIAIA (02-18)

Approved for use through 11/30/2020. OMB (681-0032
.8, Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Papsrwork Reduction Act of 1885, no persons are reguired to respond to a collection of information uniess it contains a valid OMB control number,

Attorney Docket Numbser | PS0208US10
Application Number 17/212,903

Application Data Sheet 37 CFR 1.78

Title of Invention | MANAGING RESQURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

Filing By Reference:

Ondy complate this section when filing an application by reference under 35 U.S.C. 111{¢) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are baing filed. Any domastic 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 3 filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
raference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

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

Publication Information:
] Reguest Early Publication {Fee required at time of Request 37 CFR 1.218}

Request Not to Publish. 1 nereby request that the attached application not be published under
- 35 U.8.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 eightesn 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 constilule a power of atornay in the application {see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. if both saclions are compieted the cusiomer
Numbaer will be used for the Reprasantative Information during processing.

Pleass Select One: ® Customer Number | (O US Patent Practioner | () Limited Recognition (37 CFR 11.9)
Cusiomer Number 48048 179167

Domestic Benefit/National Stage Information:

This section allows for the applicant to sither claim benefit under 38 U.8.C. 118{e), 120, 121, 388{c}, or 388(c) or indicate
National Stage entry from a PCT application. Providing bensfit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.8.C. 118(s) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the "Application Number” fisld blank.

Prior Application Status

Filing or 371{c} Dale
Application Numbsr Coniinuity Type Prior Application Number YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form
by sslecting the Add bution,

EFS Web 2.2.13
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CORRECTED APPLICATION DATA SHEET PTO/AIAIA (02-18)

Approved for use through 11/30/2020. OMB (681-0032
.8, Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Papsrwork Reduction Act of 1885, no persons are reguired to respond to a collection of information uniess it contains a valid OMB control number,

Attorney Docket Number | P50208US10
Apphication Number 17/212,903

Application Data Sheet 37 CFR 1.78

Title of Invention | MANAGING RESQURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data shest
consiitutes the claim for priorily as required by 35 U.8.C. 118(b} and 37 CFR 1.55. When priorily is claimed 1o a foreign application
that is eligible for refrieval under the priority document exchange program (F“DX}3 the information will be ussd by the Offics fo
sutomatically attempt retrieval pursuant to 37 CFR 1.85(1){1) and {2). Under the PDX program, applicant bears the ullimate
rasponsibilily for ensuring that a copy of the foreign application is received by the Cifice from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the tims peried specified in 37 CFR 1.55(g){1).

Application Numbsar Cauntryi Filing Date {YYYY-MM-DD)} Access Codel {if applicable)

Additional Foreign Priority Data may be generaled within this form by sslecting the
Add bution,

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

This application {1} claims priorily to or the benefit of an application filed before March 16, 2013 and (2} also

containg, or contained at any Hime, a claim o a claimed invention that has an effeciive filing date on or after March
] 18, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

18, 2013, will be examined under the first inventor 1o fille provisions of the AlA.

EFS Wab 2.2.43
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CORRECTED APPLICATION DATA SHEET PTO/AIAIA (02-18)

Approved for use through 11/30/2020. OMB (681-0032
.8, Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Papsrwork Reduction Act of 1885, no persons are reguired to respond to a collection of information uniess it contains a valid OMB control number,

Attorney Docket Number | P50208US10
Application Number 17/212,903

Application Data Sheet 37 CFR 1.78

Title of Invention | MANAGING RESQURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

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 writlen
authorily to permit a patlicipating forsign intellectual property {IF) office access to the instant application-as-filed {see
paragraph A in subsection 1 below} and the European Patent Office {(EPQO) access to any search results from the instant
applicalion {ses paragraph B in subsection 1 below).

Should applicant choose not {o 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.

application. Afler the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a forsign 1P office(s). Instead, Form PTO/SB/38 or PTO/SE/ES must be used as appropriate.

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

undersigned hereby grants the USPTO authority o provide the European Patent Office (EPQ), the Japan Patent Office
{JPO}, the Korean intellsctual Properly Office (KIPQ), the Stale inlellectual Property Office of the Peopls’s Republic of
China (SIPQ), the World Intellectual Property Organization (WIPO), and any other foreign inlellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a forsign
application claiming priority to the instant patent application is filed, access to: {1) the instant patent application-as-filed
and iis related bibliographic data, {2} any foreign or domestic application to which priority or benafit 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. Ssarch Results from U.8. Application to EPQ - Unless box B in subsection 2 {opt-out of authorization} is checked,
the undersigned hereby grants the USPTO authorify 1o provide the EPO access 1o the bibliographic data and search
results from the instant patent application whan 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) ERC {(European Patent Convention) requires applicants fo submit a
copy of search results from the instant application withoul 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
{1 application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign 1P office with
any documents and information identified in subsection 1A above.

B. Applicant BOES NOT authorize the USPTO fo fransmii to the EPQO any search resulis from the instant patent
] application. if this box is checked, the USPTO will not be providing the EPD with search resulls from the insiant
application.
NOTE: Oncs the application has published or is otherwise publicly avallable, the USPTO may provide access {o the
application in accordance with 37 CFR 1.14.

EFS Wab 2.2.43
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CORRECTED APPLICATION DATA SHEET PTO/AIAIA (02-18)

Approved for use through 11/30/2020. OMB (681-0032
.8, Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Papsrwork Reduction Act of 1885, no persons are reguired to respond to a collection of information uniess it contains a valid OMB control number,

Attorney Docket Number | P50208US10
Application Number 17/212,903

Application Data Sheet 37 CFR 1.78

Title of Invention | MANAGING RESQURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

Applicant Information:

Providing assignment information in this saction 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 1.48), this section should not be completed.
The information o be provided in this section is the name and addrass of the legal representiative who is the applicant under 37 CFR
1.43; or the name and addrass of the assignee, person to whom the inventor is undar an obligation o 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 1o whom the inventor is obligated o assign, or person who otherwise shows sufficient
proprigtary inferest) together with one or more joint inventors, than the joint invenior or inventors who are also the applicant should be
identified in this saction.

O Assignee () Legai Representative under 35 U.S.C. 117 (O Joint inventor
{0 Person to whom the inventor is obligated to assign. (O Person who shows sufficient proprietary interest

if applicant is the legal repraesentative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapaciiated Inventor:

i the Applicant is an Organization check here. 1

Prafix Given Nams Middie Name Family Name Suffix

Mailing Address Information For Applicant:

Address 1

Address 2

City StateProvince
Ge:mmry’ % Paostal Code
Phone Number Faxt Number
Email Address

Additional Applicant Dala may be generated within this form by salacting the Add bution.

Assignee Information including Non-Applicant Assignee Information:

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

EFS Wab 2.2.43
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CORRECTED APPLICATION DATA SHEET PTO/AIAIA (02-18)

Approved for use through 11/30/2020. OMB (681-0032
.8, Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Papsrwork Reduction Act of 1885, no persons are reguired to respond to a collection of information uniess it contains a valid OMB control number,

Attorney Docket Number | P50208US10
Application Number 17/212,903

Application Data Sheet 37 CFR 1.78

Title of Invention | MANAGING RESQURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

Assignes 1

Complata this section if assignee information, including non-applicant assignee information, is desirad to be included on the palent
apphcation publication. An assignee-applicant identified in the "Applicant information” section will appsar on the patent application
publication as an applicant. For an assignee-applicant, complete this section only If identification as an assignee is also desived on the
patant application publication.

if the Assignes or Non-Applicant Assignes is an Organization check here, ]

Prafix Given Name Middie Name Family Name Suffix

Malling Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country| ‘ Postal Code
Phone Number Fax Number

Email Addrass

Additional Assignes or Non-Applicant Assignes Dala may be generated within this form by
selecting the Add bution.

Signature:
MOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b}. Howevaer, if this Application

subsection £ 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 Dala Sheet must be signed by a patent practitionsr i one or more of the applicants is a juristic
entity {&.g., corporation or association). if the applicant is two or mors joint inveniors, this form must be signed by a
patent practitioner, all joint inveniors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney {8.g., ses USPTO Form PTO/AIABT) on behalf of ali joint inventor-applicanis.

Ses 37 CFR 1.4({d) for the manner of making signatures and ceriifications.

Signature |/Natalie J. Grace/ Date (YYYY-MM-DD)| 2021-08-22

First Name | Natalie Last Name Grace Registration Number | 85303

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

EFS Wab 2.2.43
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CORRECTED APPLICATION DATA SHEET

PTO/AIAM 4 (02-18)
Approved for use through 11/30/2020. OMB (681-0032

.8, Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE
Under the Papsrwork Reduction Act of 1885, no persons are reguired to respond to a collection of information uniess it contains a valid OMB control number,

e Attorney Docket Number
Application Data Sheet 37 CFR 1.78

PEO206US10

Application Number

17/212,903

Title of Invention | MANAGING RESQURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

This collection of information is raquired by 37 CFR 1.76. The information is required o oblain or retain a benefit by the public which
is to file {and by the USPTO o process} an application. Confidentiality is governad by 38 U.8.C. 122 and 37 CFR 1.14. This
goliaction is estimated to take 23 minutes o complete, including gathering, preparing, and submitling the complated application data
sheat form to the USPTO. Time will vary depending upon the individual case. Any commenis on the amount of time you require to
complate this form and/or suggestions for reducing this burden, should be sent {o the Chief information Officer, U.S. Patent and
Trademark Office, U.8. Depariment of Commarce, P.O. Box 1458, 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 223131450,

EFS Wab 2.2.43
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CORRECTED APPLICATION DATA SHEET

Privacy Act Statement
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF: |

THROUGHPUTER INC. | EXAMINER: NOT ASSIGNED
APPLICATION NO.: 17/212,903 | GROUP ART UNIT: NOT ASSIGNED
FILED: MARCH 25, 2021 | DOCKET NO. P50206US10

FOR: MANAGING RESOURCE |
SHARING IN A MULTI-CORE DATA
PROCESSING FABRIC

PRELIMINARY AMENDMENT

MAIL STOP AMENDMENTS
COMMISSIONER FOR PATENTS
P.O. BOX 1450

ALEXANDRIA, VIRGINIA 22313

Commissioner:

Prior to examination on the merits, please amend the above-identified application as
follows.

If extensions of time are necessary to prevent abandonment of this application, then such
extensions of time are hereby petitioned. Applicant does not believe that any fees are due at this
time. If, however, any fees are required, including fees for extensions of time, then the
Commissioner is authorized to charge such fees to Gardella Grace P.A. deposit account number
601484, referencing docket number P50206US10.

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims begin on page 3 of this paper.

Remarks begin on page 9 of this paper.
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Preliminary Amendment

AMENDMENTS TO THE SPECIFICATION

Please amend the Title as follows:

MANAGING RESOURCESHARING PROGRAMMABLE LOGIC-BASED
PROCESSING UNIT ALLOCATION [[IN]] ON A MBEH-CORE PARALLEL DATA
PROCESSING FABRIC PLATFORM
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Preliminary Amendment

AMENDMENTS TO THE CLAIMS

Please amend the claims as follows:

Claim 1 (Cancelled).

Claim 2 (New). A method on a parallel data processing platform comprising a plurality of
programmable logic-based processing units for accelerating a service comprising at least a first
program and a second program, different than the first program, the method comprising:
forming a first set of inter-task communication paths connecting a first set of programmable
logic-based processing units of the plurality of programmable logic-based processing
units into a first multi-stage program instance, wherein the first multi-stage program
instance is configured to accelerate the first program, and wherein the first set of
programmable logic-based processing units are interconnected using reconfigurable
cross-connects;
forming a second set of inter-task communication paths connecting a second set of
programmable logic-based processing units of the plurality of programmable logic-based
processing units to a second multi-stage program instance, wherein the second multi-
stage program instance is configured to accelerate the second program, and wherein the
second set of programmable logic-based processing units are interconnected using
reconfigurable cross-connects;
in response to a first increased demand for the first multi-stage program instance determined
by monitoring a first characteristic corresponding to the first set of programmable logic-
based processing units, based on an adaptive optimized resource allocation policy, adding

at least one more programmable logic-based processing unit to the first set of
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Preliminary Amendment

programmable logic-based processing units from the plurality of programmable logic-
based processing units; and

in response to a second increased demand for the second multi-stage program instance
determined by monitoring a second characteristic different from the first characteristic,
corresponding to the second set of programmable logic-based processing units, based on
the adaptive optimized resource allocation policy, adding at least one more
programmable logic-based processing unit to the second set of programmable logic-based

processing units from the plurality of programmable logic-based processing units.

Claim 3 (New). The method of claim 2, wherein the allocation policy relates to balancing load

among programmable logic-based processing units.

Claim 4 (New). The method of claim 2, wherein each of the first set of programmable logic-

based processing units comprises a field programmable gate array (FPGA).

Claim 5 (New). The method of claim 2, wherein each of the second set of programmable logic-

based processing units comprises a field programmable gate array (FPGA).

Claim 6 (New). The method of claim 2, wherein the first characteristic or the second

characteristic is load or utilization.

Claim 7 (New). A non-transitory computer program product comprising instructions configured

to perform a method parallel data processing platform comprising a plurality of programmable
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Preliminary Amendment

logic-based processing units for accelerating a service comprising at least a first program and a
second program different than the first program, the method comprising:

forming a first set of inter-task communication paths connecting a first set of programmable
logic-based processing units of the plurality of programmable logic-based processing
units into a first multi-stage program instance, wherein the first multi-stage program
instance is configured to accelerate the first program, and wherein the first set of
programmable logic-based processing units are interconnected using reconfigurable
cross-connects;

forming a second set of inter-task communication paths connecting a second set of
programmable logic-based processing units of the plurality of programmable logic-based
processing units to a second multi-stage program instance, wherein the second multi-
stage program instance is configured to accelerate the second program, and wherein the
second set of programmable logic-based processing units are interconnected using
reconfigurable cross-connects;

in response to a first increased demand for the first multi-stage program instance determined
by monitoring a first characteristic corresponding to the first set of programmable logic-
based processing units, based on an adaptive optimized resource allocation policy, adding
at least one more programmable logic-based processing unit to the first set of
programmable logic-based processing units from the plurality of programmable logic-
based processing units; and

in response to a second increased demand for the second multi-stage program instance
determined by monitoring a second characteristic different from the first characteristic,

corresponding to the second set of programmable logic-based processing units, based on
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Preliminary Amendment

the adaptive optimized resource allocation policy, adding at least one more
programmable logic-based processing unit to the second set of programmable logic-based

processing units from the plurality of programmable logic-based processing units.

Claim 8 (New). The non-transitory computer program product of claim 7, wherein the allocation

policy relates to balancing load among programmable logic-based processing units.

Claim 9 (New). The non-transitory computer program product of claim 7, wherein each of the
first set of programmable logic-based processing units comprises a field programmable gate

array (FPGA).

Claim 10 (New). The non-transitory computer program product of claim 7, wherein each of the
second set of programmable logic-based processing units comprises a field programmable gate

array (FPGA).

Claim 11 (New). The non-transitory computer program product of claim 7, wherein the first

characteristic or the second characteristic is load or utilization.

Claim 12 (New). A system comprising:
a plurality of programmable logic-based processing units, each processing unit being
configurable in at least a first configuration and a second configuration, different from the

first configuration,
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Preliminary Amendment

a first set of inter-task communication paths connecting a first set of programmable logic-
based processing units of the plurality of programmable logic-based processing units into
a first multi-stage program instance, wherein the first-multi-stage program instance is
configured to accelerate the first program, and wherein the first set of programmable
logic-based processing units are interconnected using reconfigurable cross-connects;

a second set of inter-task communication paths connecting a second set of programmable
logic-based processing units of the plurality of programmable logic-based processing
units to a second multi-stage program instance configured to execute the second program,
and wherein the second set of programmable logic-based processing units are
interconnected using reconfigurable cross-connects; and
a hardware logic and/or computer-executable instructions configured to

(1) add, based on an allocation policy, in response to a first increased demand for the
first multi-stage program instance determined by monitoring a first characteristic
corresponding to the first set of programmable logic-based processing units, at
least one more programmable logic-based processing unit to the first set of
programmable logic-based processing units from the plurality of programmable
logic-based processing units, and

(2) add, based on the allocation policy, in response to a second increased demand for
the second multi-stage program instance determined by monitoring a second
characteristic, different from the first characteristic, corresponding to the second
set of programmable logic-based processing units, at least one more

programmable logic-based processing unit to the second set of programmable
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Preliminary Amendment

logic-based processing units from the plurality of programmable logic-based

processing units.

Claim 13 (New). The system of claim 12, wherein the allocation policy relates to balancing load

among programmable logic-based processing units.

Claim 14 (New). The system of claim 12, wherein each of the first set of programmable logic-

based processing units comprises a field programmable gate array (FPGA).

Claim 15 (New). The system of claim 12, wherein each of the second set of programmable

logic-based processing units comprises a field programmable gate array (FPGA).

Claim 16 (New). The system of claim 12, wherein the first characteristic or the second

characteristic is load or utilization.
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Preliminary Amendment

REMARKS
Status of the Claims
Claims 2-16 are currently pending. Claim 1 is hereby cancelled, without prejudice or

disclaimer. Claims 2-16 are new. The present amendments introduce no new matter.

No Disclaimers or Disavowals

Although this paper may amend the specification or claims, identify claimed features not
taught or suggested in the prior art, or otherwise distinguish the claimed subject matter from the
prior art, Applicant(s) are not conceding that the subject matter of any previously pending claim
is not patentable over the prior art. Applicant(s) reserve the right to later pursue claims covering
any of the subject matter embraced by the previously pending claims or supported by the
specification and drawings as filed. Accordingly, the Office should not infer from this paper any

disclaimer or disavowal of any subject matter.
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CONCLUSION

Preliminary Amendment

Favorable consideration of this application is respectfully requested. The Examiner is

encouraged to contact Representative Natalie Grace at 703-740-4538 should any additional

information be necessary to advance prosecution and accelerate allowance.

Date: April 23, 2021

GARDELLA GRACEP.A.
80 M Street SE, 1% Floor
Washington, DC 20003
Telephone: (703) 556-9600
Facsimile: (703) 740-4541

Respectfully submitted,

[Natalie J. Grace/

Natalie J. Grace
Attorney of Record
Registration No. 65,803

10
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Title  President
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Applicant/Patent Owner: _ThroughPuter, Inc.

Application No./Patent No.: 17/212,903 Filed/Issue Date: March 25, 2021
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ThroughPuter, Inc. a corporation
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1. The assignee of the entire right, title, and interest.
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The document was recorded in the United States Patent and Trademark Office at
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[Page 1 of 2]
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3. From:

4. From:

STATEMENT UNDER 37 CFR 3.73(c)

To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
To:

5. From:

The document was recorded in the United States Patent and Trademark Office at
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/Natalie J. Grace/ April 23, 2021
Signature Date

Natalie J. Grace 65803

Printed or Typed Name Title or Registration Number
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a. D Computer Readable Form (CRF)
b. D Specification Sequence Listing on:
i D CD-ROM or CD-R (2 copies); or

ii.|:’ Paper

c. D Statements verifying identity of above copies

ACCOMPANYING APPLICATION PAPERS

11.

12.

13.

14.
15.

16.

17.

18.

[

O00O0 O~

[]

Assignment Papers
(cover sheet & document(s))
Name of Assignee

37 CFR 3.73(c) Statement
(when there is an assignee)

Power of Attorney

English Translation Document
(if applicable)

Information Disclosure Statement
(PTO/SB/08 or PTO-1449)

Copies of citations attached
Preliminary Amendment
Return Receipt Postcard
(MPEP § 503) (Should be specifically itemized)
Certified Copy of Priority Document(s)
(if foreign priority is claimed)

Nonpublication Request
Under 35 U.S.C. 122(b){(2){B)(i). Applicant must attach form PTO/SB/35
or equivalent.

Other: Certificate and Request for Prioritized Examination

*Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 must be included in an Application Data Sheet (ADS).
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the applicant is an
assignee, person to whom the inventor is under an obligation to assign, or person who otherwise shows sufficient proprietary

interest in the matter. See 37 CFR 1.46(b).

19. CORRESPONDENCE ADDRESS

The address associated with Customer Number; 146018

OR I:' Correspondence address below

Name

Address

City State Zip Code

Country Telephone Email

sgawre | /Natalie J. Grace/ pate March 25, 2021 )
| primyryoe) | Natalie J. Grace (roomayagens) | 65803 )

This collection of information is required by 37 CFR 1.53(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 the form, call 1-800-PTO-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 (6 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(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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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.

Attorney Docket Number | P50206US10

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

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
‘ El 'Vlark Penn’k Fandstrom ‘ El
Residence Information (Select One) e US Residency Non US Residency Active US Military Service

City | lﬁ\lexandria State/Province VA Country of Residencé S

Mailing Address of Inventor:

Address 1 C/o ThroughPuter, Inc.

Address 2 249 Richmond Road

City | INiIIiamsburg I State/Province | t\lA
Postal Code | 3185 | Countryi | lus

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

generated within this form by selecting the Add button. Add

Correspondence Information:

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

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

Customer Number |146018

Email Address ano@gardellagrace_com | Add Email | [Remove Email

Application Information:

Title of the Invention ANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

Attorney Docket Number| P50206US10 Small Entity Status Claimed [X

Application Type Nonprovisional v
Subject Matter | Hility -
Total Number of Drawing Sheets (if any) 10 Suggested Figure for Publication (if any)

EFS Web 2213
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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.

L Attorney Docket Number | P50206US10
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.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 N
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 atiorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

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

Please Select One: ® Customer Number US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number 146018

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

[Continuation of 17034404 2020-09-28

4

EFS Web 2.2.13
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PTO/AIA/4 (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.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

P50206US10

Application Number

Title of Invention

MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

Prior Application Status | Patented -
Application o Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
‘1 7034404 |Continuation of +| hesa7341 |2020-04-13 ‘10789099 p020-09-29
Prior Application Status | Patented - Remove
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
‘1 6847341 |Continuation of - |1 6577909 |2019-09-20 ‘10620998 P020-04-1 4
Prior Application Status | Patented v Remove
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number | \vvyyy MM DD)
‘1 6577909 |Continuation of - |1 6399593 |2019-04-30 ‘10437644 P019-10-08
Prior Application Status | Patented -
Application o Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
‘1 6399593 |Continuation of +| h8228502 |2018—12—19 ‘10310902 p019-06-04
Prior Application Status | Patented -
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
‘1 6226502 |Continuation of - |1 6145632 |2018—09—28 ‘10310901 P019—06—04
Prior Application Status | Patented -
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
‘16145632 |Continuation of - |16014674 |2018—06—21 ‘10133600 P018-1 1-20
Prior Application Status | Patented -
Application o Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
‘1 6014674 |Continuation of +| has21490 |2014-10-23 ‘10453106 p019-10-22
Prior Application Status It\bandoned -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
14521490 [Continuation of ~f 13297455 2011-11-16
Prior Application Status | [Expired A Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
13297455 [Claims benefit of provisional ~| 61556065 2011-11-04
Prior Application Status | Patented -
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
16145632 |Conlinuation of ~| (16014674 |20 18-06-21 10133600 P01 8-11-20

EFS Web 2.2.13
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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.

Attorney Docket Number | P50206US10

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

Prior Application Status | Patented -
Application o Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
‘1 6014674 |Continuation of +| 15933724 |2018—03—23 ‘10061615 pma-os—zs
Prior Application Status | Patented - Remove
Application o Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
‘1 5933724 |Continuation of - |1 5273731 |2016—09—23 ‘10514953 P019-12-24
Prior Application Status | Patented - Remove
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number | \vvyyy MM DD)
‘1 5273731 |Continuation of - |15183860 |2016—06—16 P465667 PO16-10—11
Prior Application Status | Patented -
Application o Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
‘15183860 |Division of +| (15042159 |2016—02—12 }9400694 p016-07-26
Prior Application Status | Patented -
Application o Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
‘1 5042159 |Continuation of - |14261384 |2014-04-24 ’9262204 P016—02—1 6
Prior Application Status | Patented -
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
‘14261384 |Continuation of - |13684473 |2012-1 1-23 )8789065 Po14-07-22
Prior Application Status | [Expired -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
13684473 [Claims benefit of provisional ~| 61657708 L012-06-08
Prior Application Status | [Expired -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
13684473 [Claims benefit of provisional -~ 61673725 R012-07-19
Prior Application Status | [Expired - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
13684473 Claims benefit of provisional -l 61721686 r012-11-02
Prior Application Status | [Expired -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

13684473

Claims benefit of provisional

61727372

2012-11-16

EFS Web 2.2.13
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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.

L Attorney Docket Number | P50206US10
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

Additional Domestic Benefit/National Stage Data may be generated within this form Add
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.5.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the pricrity 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 Codé (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

18, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.13
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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.

Attorney Docket Number | P50206US10

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly sighed 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 (EPQO) 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 helow, 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. Authoerization 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 (EPQO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIP0O), 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 biblicgraphic 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 authocrize 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.

EFS Web 2.2.13
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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.

Attorney Docket Number | P50206US10

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

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 }

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

identified in this section.

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

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

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

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name IThroughPuter, Inc.

Mailing Address Information For Applicant:

Address 1 P49 Richmond Road

Address 2

City Williamsburg State/Province VA
Country ‘ s Postal Code 23185
Phone Number Fax Number

Email Address

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

Assignee Information including Non-Applicant Assignee Information:

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

EFS Web 2.2.13
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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.

Attorney Docket Number | P50206US10

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

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. X
Organization Name ThroughPuter, Inc.
Mailing Address Information For Assignee including Non-Applicant Assignee:
Address 1 P49 Richmond Road
Address 2
City | lNiIIiamsburg I State/Province VA
Countryi s I Postal Code 23185
Phone Number | Fax Number
Email Address
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by o

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 |/Natalie J. Grace/ Date (YYYY-MM-DD)| 2021-03-25
First Name hatalie Last Name | Frace Registration Number 5803
Additional Signature may be generated within this form by selecting the Add button. Add
EFS Web 2.2.13
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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.

L Attorney Docket Number | P50206US10
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

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

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

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

1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act (5U.5.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
acontract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.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.  Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the 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.5.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 systemn of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.5.C.
122(b) or issuance of a patent pursuant to 35U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

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 viclation of law or regulation.
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Titleof |SYSTEM AND METHOD FOR INPUT DATA LOAD ADAPTIVE PARALLEL
Invention | PROCESSING

As the below named inventor, | hereby declare that:

This declaration P
is directed to: EI The attached application, or

|:| United States application or PCT international application number

filed on

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

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

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor:

Mark Henrik Sandstrom Date (Optional) :

Signature:

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

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.83. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.Q. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

420



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-5678) 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 resulit 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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BACKGROUND

Technical Field:

[0001] This invention pertains to the field of data processing and networking, particularly to
techniques for connecting tasks of parallelized programs running on multi-stage manycore
processor with each other as well as with external parties with high resource efficiency and high

data processing throughput rate.

Descriptions of the Related Art

[0002] Traditionally, advancements in computing technologies have fallen into two categories.
First, in the field conventionally referred to as high performance computing, the main objective
has been maximizing the processing speed of one given computationally intensive program
running on a dedicated hardware comprising a large number of parallel processing elements.
Second, in the field conventionally referred to as utility or cloud computing, the main objective
has been to most efficiently share a given pool of computing hardware resources among a large
number of user application programs. Thus, in effect, one branch of computing technology
advancement effort has been seeking to effectively use a large number of parallel processors to
accelerate execution of a single application program, while another branch of the effort has been
seeking to efficiently share a single pool of computing capacity among a large number of user
applications to improve the utilization of the computing resources.

[0003] However, there have not been any major synergies between these two efforts; often,
pursuing any one of these traditional objectives rather happens at the expense of the other. For
instance, it is clear that a practice of dedicating an entire parallel processor based (super) computer

per individual application causes severely sub-optimal computing resource utilization, as much of
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the capacity would be idling much of the time. On the other hand, seeking to improve utilization
of computing systems by sharing their processing capacity among a number of user applications
using conventional technologies will cause non-deterministic and compromised performance for
the individual applications, along with security concerns.

[0004] As such, the overall cost-efficiency of computing is not improving as much as any
nominal improvements toward either of the two traditional objectives would imply: traditionally,
single application performance maximization comes at the expense of system utilization
efficiency, while overall system efficiency maximization comes at the expense of performance of
by the individual application programs. There thus exists a need for a new parallel computing
architecture, which, at the same time, enables increasing the speed of executing application
programs, including through execution of a given application in parallel across multiple processor
cores, as well as improving the utilization of the computing resources available, thereby
maximizing the collective application processing throughput for a given cost budget.

[0005] Moreover, even outside traditional high performance computing, the application
program performance requirements will increasingly be exceeding the processing throughput
achievable from a single central processing unit (CPU) core, e.g. due to the practical limits being
reached on the CPU clock rates. This creates an emerging requirement for intra-application parallel
processing (at ever finer grades) also for mainstream software programs (i.e. applications not
traditionally considered high performance computing). Notably, these internally parallelized
mainstream enterprise and web applications will be largely deployed on dynamically shared cloud
computing infrastructure. Accordingly, the emerging form of mainstream computing calls for
technology innovation supporting the execution of large number of internally parallelized
applications on dynamically shared resource pools, such as manycore processors.

[0006] Furthermore, conventional microprocessor and computer system architectures use
significant portions of their computation capacity (e.g. CPU cycles or core capacity of manycore
arrays) for handling input and output (I0) communications to get data transferred between a given
processor system and external sources or destinations as well as between different stages of
processing within the given system. For data volume intensive computation workloads and/or
manycore processor hardware with high IO bandwidth needs, the portion of computation power
spent on IO and data movements can be particularly high. To allow using maximized portion of

the computing capacity of processors for processing the application programs and application data
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(rather than for system functions such as 10 data movements), architectural innovations are also
needed in the field of manycore processor 10 subsystems. In particular, there is a need for a new
manycore processor system data flow and 10 architecture whose operation, while providing high
10 data throughput performance, causes little or no overhead in terms of usage of the computation

units of the processor.

SUMMARY

[0007] The invented systems and methods provide an extensible, multi-stage, application
program load adaptive, parallel data processing architecture shared dynamically among a set of
application software programs according to processing load variations of said programs. The
invented techniques enable any program task instance to exchange data with any of the task
instances of its program within the multi-stage parallel data processing platform, while allowing
any of said task instances to be executing at any core of their local processors, as well allowing
any identified destination task instance to be not assigned for execution by any core for periods of
time, and while said task instances lack knowledge of which core, if any, at said platform is
assigned for executing any of said task instances at any given time.

[0008] An aspect of the invention provides a system for information connectivity among tasks
of a set of software programs hosted on a multi-stage parallel data processing platform. Such a
system comprises: 1) a set of manycore processor based processing stages, each stage providing
an array of processing cores, wherein each of said tasks is hosted on one of the processing stages,
with tasks hosted on a given processing stage referred to as locally hosted tasks of that stage, 2) a
hardware implemented data packet switching cross-connect (XC) connecting data packets from an
output port of a processing stage to an input port of a given processing stage if a destination
software program task of the data packet is hosted at the given processing stage, and 3) a hardware
implemented receive logic subsystem, at any given one of the processing stages, connecting data
packets from input ports of the given processing stage to the array of cores of that stage, so that a
given data packet is connected to such a core, if any exist at a given time, among said array that is
assigned at the given time to process a program instance to which the given input packet is directed
to. Various embodiments of such systems further comprise features whereby: a) at a given

processing stage, a hardware implemented controller 1) periodically allocates the array of cores of
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the given stage among instances of its locally hosted tasks at least in part based on volumes of data
packets connected through the XC to its locally hosted tasks and ii) accordingly inserts the
identifications of the destination programs for the data packets passed from the given processing
stage for switching at the XC, to provide isolation between different programs among the set; b)
the system supports multiple instances of each of the locally hosted tasks at their processing stages,
and packet switching through the XC to an identified instance of a given destination program task;
c) said tasks are located across at least a certain subset of the processing stages so as to provide an
equalized expected aggregate task processing load for each of the processing stages of said subset;
and/or d) said tasks are identified with incrementing intra-program task IDs according to their
descending processing load levels within a given program, wherein, among at least a subset of the
processing stages, each processing stage of said subset hosts one of the tasks of each of the set
programs so as to equalize sums of said task IDs of the tasks located on each of the processing
stages of said subset.

[0009] An aspect of the invention further provides a method for information connectivity
among tasks of a set of software programs. Such a method comprises: 1) hosting said tasks on a
set of manycore processor based processing stages, each stage providing an array of processing
cores, with tasks hosted on a given processing stage referred to as locally hosted tasks of that stage,
2) at a data packet switching cross-connect (XC), connecting data packets from an output port of
a processing stage to an input port of a given processing stage if a destination software program
task identified for a given data packet is hosted at the given processing stage, and 3) at any given
one of the processing stages, connecting data packets from input ports of the given processing
stage to the array of cores of that stage, so that a given data packet is connected to such a core, if
any exist at a given time, among said array that is assigned at the given time to process a program
instance to which the given input packet is directed to. Various embodiments of the method
comprise further steps and features as follows: a) periodically allocating, by a controller at a given
one of the processing stages, the array of cores of the given stage among instances of its locally
hosted tasks at least in part based on volumes of data packets connected through the XC to its
locally hosted tasks, with the controller, according to said allocating, inserting the identifications
of the destination programs for the data packets passed from the given processing stage for
switching at the XC, to provide isolation between different programs among the set; b) the steps

of allocating and connecting, both at the XC and the given one of the processing stages, are
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implemented by hardware logic that operates without software involvement; ¢) supporting multiple
instances of each of the locally hosted tasks at their processing stages, and packet switching
through the XC to an identified instance of a given destination task; d) said tasks are located across
at least a certain subset of the processing stages so as to provide an equalized expected aggregate
task processing load for each of the processing stages of said subset; and/or e) said tasks are
identified with incrementing intra-program task IDs according to their descending processing load
levels within a given program, wherein, among at least a subset of the processing stages, each
processing stage of said subset hosts one of the tasks of each of the set programs so as to equalize
sums of said task IDs of the tasks located on each of the processing stages of said subset.

[0010] A further aspect of the invention provides hardware logic system for connecting input
data to instances of a set of programs hosted on a manycore processor having an array of processing
cores. Such a system comprises: 1) demultiplexing logic for connecting input data packets from a
set of input data ports to destination program instance specific input port buffers based on a
destination program instance identified for each given input data packet, and 2) multiplexing logic
for connecting data packets from said program instance specific buffers to the array of cores based
on identifications, for each given core of the array, of a program instance assigned for execution
at the given core at any given time. An embodiment of the system further comprises a hardware
logic controller that periodically assigns, at least in part based on volumes of input data packets at
the program instance specific input port buffers, instances of the programs for execution on the
array of cores, and accordingly forms, for the multiplexing logic, the identification of the program
instance that is assigned for execution at each core of the array of cores.

[0011] Yet further aspect of the invention provides a method for connecting input data to
instances of a set of programs hosted on a manycore processor having an array of processing cores.
Such a method comprises: 1) demultiplexing input data packets from a set of input data ports to
destination program instance specific input port buffers according to a destination program
instance identified for each given input data packet, and 2) multiplexing data packets from said
program instance specific buffers to the array of cores according to identifications, for each given
core of the array, of a program instance assigned for execution at the given core at any given time.
In a particular embodiment of the method comprise a further step as follows: periodically forming
the identifications of the program instances executing at the array of cores through i) allocating the

array of cores among the set of programs at least in part based on volumes of input data packets at
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the input port buffers associated with individual programs of the set and ii) assigning, based at
least in part based on said allocating, the cores of the array for executing specific instances of the
programs. Moreover, in an embodiment, the above method is implemented by hardware logic that
operates without software involvement.

[0012] A yet further aspect of the invention provides a method for periodically arranging a set
of executables of a given software program in an execution priority order, with an executable
referring to a task, an instance, an instance of a task of the program, or equals thereof. Such a
method comprises: 1) buffering input data at an array of executable specific input port buffers,
wherein a buffer within said array buffers, from an input port associated with the buffer, such data
that arrived that is directed to the executable associated with the buffer, 2) calculating numbers of
non-empty buffers associated with each of the executables, and 3) ranking the executables in their
descending execution priority order at least in part according to their descending order in terms
numbers of non-empty buffers associated with each given executable. In a particular embodiment
of this method, the step of ranking involves I) forming, for each given executable, a 1 phase bit
vector having as many bits as there are input ports from where the buffers receive their input data,
with this number of ports denoted with X, and wherein a bit at index x of said vector indicates
whether the given executable has exactly x non-empty buffers, with x being an integer between 0
and X, II) forming, from bits at equal index values of the 1% phase bit vectors of each of the
executables, a row of X 2™ phase bit vectors, where a bit at index y of the 2" phase bit vector at
index x of said row indicates whether an executable with ID number y within the set has exactly x
non-empty buffers, wherein y is an integer from O to a maximum number of the executables less
1, as well as III) the following substeps: 1) resetting the present priority order index to a value
representing a greatest execution priority; and ii) until either all bits of each of the 2 phase bit
vectors are scanned or an executable is associated with the lowest available execution priority,
scanning the row of the 2°¢ phase bit vectors for active-state bits, one 2" phase bit vector at a time,
starting from row index X while decrementing the row index after reaching bit index O of any
given 2™ phase bit vector, and based upon encountering an active-state bit: i) associating the
executable with ID equal to the index of the active-state bit within its 2™ phase bit vector with the
present priority order index and ii) changing the present priority order index to a next lower level
of execution priority. Moreover, in an embodiment, the above method is implemented by hardware

logic that operates without software involvement.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 shows, in accordance with an embodiment of the invention, a functional block
diagram for multi-stage manycore processor system.

[0014] FIG. 2 shows, in accordance with an embodiment of the invention, a functional block
diagram for a cross-connect at the multi-stage manycore processor system of FIG. 1.

[0015] FIG. 3 shows, in accordance with an embodiment of the invention, a high-level
functional block diagram for any of the manycore processor systems in the multi-stage processor
system in FIG. 1.

[0016] FIG. 4 shows, in accordance with an embodiment of the invention, a functional block
diagram for the input data receive logic subsystem for the manycore processor system per FIG. 3.
[0017] FIG. 5 shows, in accordance with an embodiment of the invention, a functional block
diagram for the application load adaptive parallel data processing subsystem for a given manycore
processing system of FIG. 3 within the multi-stage processor system in FIG. 1.

[0018] FIG. 6 illustrates, in accordance with an embodiment of the invention, a context
diagram for the process of mapping (incl. selecting and placing) instances of the locally hosted
application tasks to execute on the processing cores of the application load adaptive parallel data
processing system per FIG. 5.

[0019] FIG. 7 illustrates, in accordance with an aspect of the invention, a flow diagram and
major steps for the process per FIG. 6.

[0020] FIG. 8 illustrates, in accordance with an embodiment of the invention, a memory access
architecture for the multi-core fabric of the data processing system per FIG. 5.

[0021] FIG. 9 shows, in accordance with an embodiment of the invention, at more detail level
a portion of an embodiment of a logic system per FIG. 8 concerning write access from the cores
of the fabric to the application instance (app-inst) specific fabric memory segments.

[0022] FIG. 10 shows, in accordance with an embodiment of the invention, at more detail level
an embodiment of a portion of a logic system per FIG. 8 concerning read access by processing

cores within the fabric to the app-inst specific fabric memory segments.
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DETAILED DESCRIPTION

[0023] General notes about this specification (incl. text in the drawings):

For brevity: ‘application (program)’ is occasionally written in as ‘app’, ‘instance’ as ‘inst’ and
‘application-task/instance’ as ‘app-task/inst’.

Receive (RX) direction is toward the cores of the manycore processor of a given processing
stage, and transmit (TX) direction is outward from the cores.

The term 10 refers both to the system 1 (FIG. 1) external input and output ports as well as ports
interconnecting the processing stages 300 of the system.

Ports, such as external or inter-stage ports of the multi-stage parallel processing system 1 (FIG.
1) can be implemented either as distinct physical ports or as e.g. time or frequency division
channels on shared physical connections.

Terms software program, application program, application and program are used
interchangeably in this specification, and each generally refer to any type of computer software
able to run on data processing systems based on the architecture.

Term ‘task’ in this specification refers to a part of a program, and covers the meanings of
related terms such as actor, thread etc.

References to a “set of” units of a given type, such as programs, logic modules or memory
segments can, depending on the nature of a particular embodiment or operating scenario, refer
to any positive number of such units.

While the term ‘processor’ more specifically refers to the processing core fabric 510 (FIG. 5),
it will also be used, where it streamlines the text, to refer to a processor system 500 (FIGS. 3-
4) and a processing stage 300 (FIGS. 1 and 3) within the system 1.

Typically, there will be one task type per an application hosted per each of the processing
stages 300 in the system 1 per FIG. 1 (while the system 1 supports multiple processing stages
and multiple application programs per each stage).

A master type task of a single application-instance (app-inst) hosted at entry stage processing
system can have multiple parallel worker type tasks of same type hosted at multiple worker
stage processing systems. Generally, a single upstream app-inst-task can feed data units to be

processed in parallel by multiple downstream app-inst-task:s within the same system 1.
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Identifiers such as ‘master’ and ‘worker’ tasks or processing stages are not used here in a sense
to restrict the nature of such tasks or processing; these identifiers are here used primarily to
illustrate a possible, basic type of distribution of workloads among different actors. For
instance, the entry stage processing system may host, for a given application, simply tasks that
pre-process (e.g. qualify, filter, classify, format, etc.) the RX data units and pass them to the
worker stage processing systems as tagged with the pre-processing notations, while the worker
stage processor systems may host the actual master (as well as worker) actors conducting the
main data processing called for by such received data units. Generally, a key idea of the
presented processing system and IO architecture is that the worker stages of processing --
where bulk of the intra-application parallel and/or pipelined processing typically is to occur,
providing the performance gain of using parallel task instances and/or pipelined tasks to lower
the processing latency and improve the on-time IO throughput -- receive their input data units
as directed to specific destination app-task instances, while the external parties are allowed to
communicate with a given application program hosted on a system 1 through a single, constant
contact point (the ‘master’ task hosted on the entry stage processor, possibly with its specified
instance).

Specifications below assume there to be X 10 ports, Y core slots on a processor 500, M
application programs configured and up to N instances per each application for a processor
500, and up to T tasks (or processing stages) per a given application (instance), wherein the
capacity parameters X, Y, M, N and T are some positive integers, and wherein the individual
ports, cores, applications, tasks and instances, are identified with their ID#s ranging from 0 to
said capacity parameter value less 1 for each of the measures (ports, cores, apps, instances,

tasks or processing stages).

[0024] The invention is described herein in further detail by illustrating the novel concepts in

reference to the drawings. General symbols and notations used in the drawings:

Boxes indicate a functional digital logic module; unless otherwise specified for a particular
embodiment, such modules may comprise both software and hardware logic functionality.
Arrows indicate a digital signal flow. A signal flow may comprise one or more parallel bit
wires. The direction of an arrow indicates the direction of primary flow of information
associated with it with regards to discussion of the system functionality herein, but does not

preclude information flow also in the opposite direction.
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- A dotted line marks a border of a group of drawn elements that form a logical entity with
internal hierarchy, such as the modules constituting the multi-core processing fabric 110 in
FIG. 1.

- Lines or arrows crossing in the drawings are decoupled unless otherwise marked.

- For clarity of the drawings, generally present signals for typical digital logic operation, such
as clock signals, or enable, address and data bit components of write or read access buses, are
not shown in the drawings.

[0025] FIGS. 1-10 and related descriptions below provide specifications for embodiments and

aspects of an extensible, multi-stage, application program load and type adaptive, multi-stage

parallel data processing system, including for the input and output (I0) subsystems thereof.

[0026] FIG. 1 illustrates, according to an embodiment of the invention, a multi-stage manycore

processor system architecture, comprising a set of application processing load adaptive manycore

processing stages interconnected by a packet destination app-task-inst controlled cross connect.

The discussion in the following details an illustrative example embodiment of this aspect of the

invention. Note that the number of processing stages 300 and XC ports 40 shown is just for a

purpose of one possible example; various implementations may have any practical number of such

stages and ports.

[0027] General operation of the application load adaptive, multi-stage parallel data processing

system 1 per FIG. 1, focusing on the main IO data flows, is as follows: The system 1 provides data

processing services to be used by external parties (e.g. client portions of programs whose server
portions run on the system 1) over networks. The system 1 receives data units (e.g. messages,

requests, data packets or streams to be processed) from its users through its RX network ports 10,

and transmits the processing results to the relevant parties through its TX network ports 50.

Naturally the network ports of the system of FIG. 1 can be used also for connecting with other

(intermediate) resources and services (e.g. storage, data bases etc.) as and if necessary for the

system to produce the requested processing results to the relevant external parties. The application

program tasks executing on the entry stage manycore processor 300 are typically of ‘master’ type
for parallelized applications, i.e., they manage and distribute the processing workloads for

‘worker’ type tasks running on the worker stage manycore processing systems 300 (note that the

processor system 300 hardware implementations are similar for all instances of the processing

system 300). The instances of master tasks typically do preliminary processing (e.g.
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message/request classification, data organization) and workflow management based on given input
packet(s), and then typically involve appropriate worker tasks at their worker stage processors (see
FIG. 1 for context) to perform the data processing called for by the given input packet(s),
potentially in the context of and in connection with other related input packets and/or other data
elements (e.g. in memory or storage resources accessible by the system 1) referred to by such input
packets. (Note that processors 300 can also have access to the system memories through interfaces
additional to the IO ports shown in the FIGS.) Accordingly, the master tasks typically pass on the
received data units (using direct connection techniques to allow most of the data volumes being
transferred to bypass the actual processor cores) through the XC 200 to the worker stage
processors, with the destination app-task instance identified for each data unit. As a security
feature, to provide isolation among the different applications 620 (FIG. 6) configured to run on the
processors 300 of the system 1, by default the hardware controller 540 (FIGS. 5 and 7) of each
processor 300, rather than any application software (executing at a given processor 300), inserts
the application ID# bits for the data packets passed to the XC 200. That way, the tasks of any given
application running on the processing stages 300 in a system 1 can trust that the packets they
received from the XC 200 are from its own application. Note that the controller 540 determines,
and therefore knows, the application ID# that each given core within its processor 500 is assigned
to at any given time, via the app-inst to core mapping info 560 that the controller produces (FIGS.
4, 5 and 7). Therefore the controller 540 is able to insert the presently-assigned app ID# bits for
the inter-task data units being sent from the cores of its processing stage 300 over the core-specific
output ports 20, 210 (FIG. 3) to the XC 200.

[0028] While the processing of any given application (server program) at a system 1 is
normally parallelized and/or pipelined, and involves multiple tasks (many of which tasks and
instances thereof can execute simultaneously on the manycore arrays of the processors 300), the
system enables external parties to communicate with any such application hosted on the system 1
without having to know about any specifics (incl. existence, status, location) of their internal tasks
or parallel instances thereof. As such, the incoming data units to the system 1 are expected to
identify just their destination application (and where it matters, the application instance number),
rather than any particular task within it. Moreover, the system enables external parties to
communicate with any given application hosted on a system 1 through any of the network ports

10, 50 without knowing whether or at which cores any instance of the given application task (app-
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task) may be executing at any time. Furthermore, the architecture enables the aforesaid flexibility
and efficiency through its hardware logic functionality, so that no system or application software
running on the system 1 needs to either be aware of whether or where any of the instances of any
of the app-tasks may be executing at any given time, or through which port any given inter-task or
external communication may have occurred or be occurring. Thus the system 1, while providing a
highly dynamic, application workload adaptive usage of the system processing and
communications resources, allows the software running on and/or remotely using the system to be
designed with a straightforward, abstracted view of the system: the software (both the server
programs hosted on a system 1 as well as clients etc. remote agents interacting with such programs
hosted on the system) can assume that all applications (as well all their tasks and instances thereof)
hosted on by the given system 1 are always executing on their virtual dedicated processor cores
within the system. Also, where useful, said virtual dedicated processors can also be considered by
software to be time-share slices on a single (very high speed) processor. The architecture thereby
enables achieving, at the same time, both the vital application software development productivity
(simple, virtual static view of the actually highly dynamic processing hardware) together with high
program runtime performance (scalable parallel program execution with minimized overhead) and
resource efficiency (adaptively optimized resource allocation) benefits. Techniques enabling such
benefits of the architecture are described in the following through more detailed technical study of
the system 1 and its subsystems.

[0029] In FIG. 1, the processing stage 300 specific XC IO ports 40 contain one input and
output port per a processing core at any given stage, with such individual 1O ports of any given
stage identified as ports #0,1,..,Y-1 (noting that the input ports of any given processing stage are
not tied to or associated with any particular core, but instead, input data units can be connected
from all input ports to all cores of any given processing stage as needed). The XC 200 provides
data unit (referred to as packet) level switched, restriction-free, any-to-any connectivity among the
mentioned processing stage 1O ports of the same port index #y (y=0,1,..Y-1): E.g. the XC provides
packet-switched connectivity to input ports #5 of each stage 300 from the output ports #5 of each
stage 300 of the system 1 (assuming Y is greater than 5). This cross-connectivity is implemented
through data source specific buffering and load-weigh prioritized fair muxing of packets to the XC
output ports (i.e. to processing stage 300 input ports 30). An embodiment of a micro-architecture

for such XC output port logic is as illustrated in FIG. 2.
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[0030] FIG. 2 presents, according to an embodiment of the invention, a functional block
diagram for forming at the XC 200 a given input port 290 (see FIG. 3) to a given processor 300 of
FIG. 1. The discussion in the following details an illustrative example embodiment of this aspect
of the invention.

[0031] The XC 200 subsystems per FIG. 2 provide data connectivity to a given input port #y
(y=0,1,..Y-1) from output ports #y of each of the processing systems 300 of the system 1, and there
is a subsystem per FIG. 2 for each input port 290 to each processing system 300. Note that the
XC200 is formed by providing the processing stage input port 290 specific subsystem per FIG. 2
for each input port of each of the processing stages 300 interconnected by the XC200. At each a
subsystem per FIG. 2, there are first-in first-out buffers (FIFOs) 260 per each preceding processing
stage of the input packets, in which FIFOs packets whose identified next processing app-task ID
matches the processing stage to which the XC output in question connects to (referred to as the
local processing stage in FIG. 2) are queued, plus an arbitration logic module 270 for selecting, at
times when a new packet is to be sent over the local XC output port 290, an appropriate input-
stage specific FIFO 260 from which to send the next packet to the local processing stage. The next
input-stage specific FIFO is chosen by the arbitrator 270 by running a round-robin selection
algorithm first among those input-stage specific FIFOs whose fill level is indicated 265 as being
above a defined threshold, and in the absence of such FIFOs, running a plain round robin algorithm
across all the FIFOs for the given XC output port. For the FIFO module 260 selected by the
arbitrator at any given time, the arbitrator activates the read enable signal 271. The arbitrator also
controls the mux (mux) 280 to connect to its output 290 the packet output 265 from the FIFO
module 240 selected at the time.

[0032] Note that in FIG. 2, there are submodules 250 and 260 associated with the input data
streams from each of the preceding processing stages #0,1,...T-1 similar to those drawn in more
detail for the stage #0. Though not included in FIG. 2, similar signals (fill level indication 265 and
read enable 271) exist between each of the preceding processing stage specific FIFO modules 240
and the arbitrator 270, as is shown between the module specific to preceding stage #0 and the
arbitrator.

[0033] Moreover, the set of applications 610 (FIG. 6) configured to run on the system 1 have
their tasks identified by (intra-application) IDs according to their descending order of relative

(time-averaged) workload levels. The sum of the intra-application task IDs (each representing the
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workload ranking of its tasks within its application) of the app-tasks hosted at any given processing
system 300 is equalized by appropriately configuring the tasks of differing ID#s (i.e. of differing
workload levels) across the applications for each processing system 300, to achieve optimal overall
load balancing. For instance, in case of four processing stages 300 (as shown in the example of
FIG. 1), if the system is shared among four applications and each of that set of applications has
four tasks, for each application of that set, the busiest task (i.e. the worker task most often called
for or otherwise causing the heaviest processing load among the tasks of the app) is given ID#0,
the second busiest task ID#1, the third busiest ID#2, and the fourth ID #3. To balance the
processing loads across the applications among the worker stage processors 300 of the system 1,
the worker stage processor #t gets task ID#t+m (rolling over at 3 to 0) of the application ID #m
(t=0,1,...T-1; m=0,1,...M-1). In this example scenario of four application streams, four worker
tasks per app as well as four processors 300 in a system 1, the above scheme causes the task IDs
of the set of apps to be placed at the processing stages per the table below (t and m have the

meaning per the previous sentence):

App ID# m (to | 0 1 2 3
right) =>

Stage# t (below)

0 0 1 2 3
1 1 2 3 0
2 2 3 0 1
3 3 0 1 2

[0034] As seen in the example of the table above, the sum of the task ID#s (with each task ID#
representing the workload ranking of its task within its application) is the same for any row i.e. for
each of the four processing stages of this example. Applying this load balancing scheme for
differing numbers of processing stages, tasks and applications is straightforward based on the
above example and the discussion herein. In such system wide processing load balancing schemes
supported by system 1, a key idea is that each worker stage processor 300 gets one of the tasks
from each of the applications so that collectively the tasks configured for any given worker stage
processor 500 have the intra-app task IDs of the full range from ID#0 through ID#T-1 with one
task of each ID# value (wherein the intra-app task ID#s are assigned for each app according to

their descending busyness level) so that the overall task processing load is to be, as much as
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possible, equal across all worker-stage processors 300 of the system 1. Advantages of these
schemes supported by systems 1 include achieving optimal utilization efficiency of the processing
resources and eliminating or at least minimizing the possibility or effects of any of the worker-
stage processors 300 forming system wide performance bottlenecks. In FIG. 2, each of the logic
modules 250 for forming write enable signal performs the algorithm per above, thus selecting
which packets (based on their destination app-task ID#) to pass to its local FIFO 260 from its
associated preceding processing stage.

[0035] In the following, we continue by exploring the internal structure and operation of a
given processing stage 300, a high level functional block diagram for which is shown in FIG. 3.
[0036] FIG. 3, presents, according to an embodiment of the invention, a top level functional
block diagram for any of the manycore processing systems 300 in the multi-stage parallel
processing system in FIG. 1, involving a RX logic subsystem and manycore processor subsystem.
The discussion in the following details an illustrative example embodiment of this aspect of the
invention.

[0037] As illustrated in FIG. 3, any of the processing systems 300 of system 1 (FIG. 1) has,
besides manycore processor system 500 (detailed in FIGS. 5-10), an RX logic subsystem 400,
which connects input data units (packets) from any of the input ports 290 to any of the processing
cores of the manycore processor 500, according at which core their indicated destination app-task-
instance may be executing at any given time. Moreover, the monitoring of the buffered input data
load levels per their destination app-task instances at the RX logic subsystem 400 allows
optimizing the allocation of processing core capacity of the local manycore processor 500 among
the application tasks hosted on the given processing system 300. The structure and operation of an
embodiment of the RX logic subsystem 400 for the manycore processing system per FIG. 3 is
detailed below in connection with FIG. 4.

[0038] FIG. 4 illustrates, according to an embodiment of the invention, main data flows of the
RX logic subsystem 400, which connects input packets from any of the input ports 290 to any of
the processing cores of the processor system 500, according to at which core the destination app-
task instance indicated for any given input may be executing at any given time. The discussion
below details an illustrative example embodiment of this aspect of the invention.

[0039] The RX logic connecting the input packets from the input ports 290 to the local

processing cores arranges the data from all the input ports 290 according to their indicated

17

479



Attorney Docket No. P50206US10

destination applications and then provides for each core of the manycore processor 500 read access
to the input packets for the app-task instance executing on the given core at any given time. At this
point, it shall be recalled that there is one app-task hosted per processing stage 500 per each of the
applications 610 (FIG. 6), while there can be up to Y instances in parallel for any given app-task.
Since there is one app-task per app per processing stage, the term app-inst in the following,
including in and in connection to FIGS. 4-11, means an instance of an application task hosted at
the processing stage under study.

[0040] The main operation of the RX logic shown in FIG. 4 is as follows: First input packets
arriving over the network input ports 290 are grouped to a set of destination application specific
FIFO modules 420, whose fill levels (in part) drives the allocation and assignment of cores at the
local manycore processor 500 among instances of the app-tasks hosted on that processor, in order
to maximize the total (value-add, e.g. revenue, of the) data processing throughput across all the
application programs configured for the manycore processor system. From the app-inst specific
buffers 415 within the destination application buffer modules 420, the input packets are then
connected 450 to specific cores of the processor S00 where their associated app-inst:s are executing
at a given time (when the given app-inst is selected for execution). At greater level of detail, the
data flow of the RX logic 400, and its interactions with its local manycore processor 500, are
detailed in the following:

[0041] The input packets arriving over the input ports are demuxed by individual RX network
port specific demultiplexers (demux:s) 405 to their indicated (via overhead bits) destination app-
inst and input port specific FIFO buffers 410. At the RX subsystem 400, there will thus be FIFOs
410 specific to each input port 290 for each app-inst able to run on the manycore processor 500.
In FIG. 4, the app-inst specific collections 415 and application-scope collections 420 of these
FIFOs 410 is shown for the application ID #1 to keep the diagram reasonably simple; however
similar arrangements exist for each of the applications IDs #0 through #N. Similarly, though FIG.
4 for clarity shows the connections from the input port #1 to the application FIFOs 425, and
connections from the input ports just to application #1 FIFOs, these connections shall be
understood to exist between each input port 290 and RX FIFO collection 420 of each application.
A reason for these collections of input port specific buffers 410 for each app-inst is to allow writing
all input packets directly, without delaying or blocking other data flows, to a buffer, even when a

given destination app-inst was receiving data from multiple, and up to all, of the input ports at the
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same time. Moreover, the app-inst level connection of packets between the processing stages 300
(enabled in part by the app-task-inst specific buffering 415) also allows the system 1 to efficiently
maintain continued data flows across the system specific to particular instances of application tasks
originating or consuming a given sequence of data packets.

[0042] Logic at each application scope FIFO module 420 signals 430 to the manycore
processor system 500 the present processing load level of the application as a number of the
ready to execute instances of the given app-task and, as well as the priority order of such
instances. An app-inst is taken as ready to execute when it has unread input data in its FIFO 410.
As discussed in greater depth in connection with FIGS. 5-7, based on the info 430 from the
applications, the processor system 500 periodically, e.g. at intervals of 1024 processor clock
cycles, assigns to each of its cores one of the locally hosted app-inst:s, in a manner as to
maximize the system wide (value add of the) data processing throughput. According to such
periodic assignments, the processor system 500 provides control for the mux:s 450 to connect to
each of its cores the read data bus 440 from the appropriate app-inst FIFO 415. Logic at app-inst
FIFO module 415 selects (at packet boundaries) one of its the port specific FIFOs 410 for
reading out data to its associated mux at module 450 at times when the given app-inst is selected
to execute. Similar FIFO read selection algorithm is used in this case as what was described in
connection to FIG. 2 for selecting a FIFO for reading onto a port 290. In addition, the controller
540 also dynamically controls mux:s 580 (FIG. 5) to appropriately connect input data read
control information 590 to the app-instance FIFOs 415, to direct reading of input data by the
app-inst selected to execute on any of its cores at the given time.

[0043] For the info flow 430 (FIGS. 4 and 5), which is used for optimally allocating and
assigning the cores of the processor 500 among the locally hosted app inst:s, the number of ready
to execute instances for a given app-task is taken as its number of FIFO modules 415 that at the
given time have one or more of their input port specific FIFOs 410 non-empty. Moreover, the logic
at each app-scope FIFO module 420 ranks its instances in an execution priority order (for the info
flow 430) based on how many non-empty FIFOs 410 each of its instance-scope modules 415 has.
This logic forms, from the modules 415, X instances (equal to number of input ports) of N-bit
vectors wherein the bit[n] of such vector instance #x (=0,1,...X) represents whether app-instance
#n at the time has (no more and no less than) x non-empty FIFOs 410. At times of writing 430 the

updated app-inst priority lists to the local manycore processor system 500, this logic at module
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420 scans these vectors for active bits, starting from priority O (highest priority), and proceeding
toward greater instance priority index (signifying descending instance priority), and from the
maximum value of x (that is, X and proceeding down toward 0). When this logic encounters an
active bit, the logic writes the ID# number of its associated app-inst (i.e., the index of that bit, n)
to the current priority index at the (descending) priority-indexed app-inst ID# look-up-table (see a
format for the LUT at Table 3 shown later in this specification, under heading “Summary of
process flow and information formats..”), at the controller module (540, FIGS. 5 and 7) of the
manycore processor system 500, for the controller 540 to use when selecting the instances of the
given application to execute on the cores allocated to that application on the following core
allocation period. Furthermore, the above discussed logic at the any given app-scope FIFO module
420 starts its successive runs of the app-inst priority list production from a revolving bit index n
(incrementing by one after each run of the algorithm, from 0 through N-1 and rolling over to 0 and
so forth), to over time provide equality among the instances of the given application (having same
number of non-empty port FIFOs 410).

[0044] The RX logic subsystem 400 is implemented by digital hardware logic and is able to
operate without software involvement. Note that the concept of software involvement as used in
this specification relates to active, dynamic software operation, not to configuration of the
hardware elements according aspects and embodiments of the invention through software where
no change in such configuration is needed to accomplish the functionality according to this
specification.

[0045] This specification continues by describing the internal elements and operation of the
processor system 500 (for the processing system 300 of FIG. 3, within the multi-stage parallel
processing system 1 of FIG. 1), a block diagram for an embodiment of which is shown in FIG. 5.
[0046] FIG. 5 presents, according to an embodiment of the invention, a functional block
diagram for the manycore processor system 500 dynamically shared among instances of the locally
hosted application program tasks, with capabilities for application processing load adaptive
allocation of the cores among the applications, as well as for (as described in relation to FIGS. 8-
10) accordant dynamically reconfigurable memory access by the app-task instances. The
discussion below details an illustrative example embodiment of this aspect of the invention.
[0047] Any of the cores 520 of a system 500 can comprise any types of software program

processing hardware resources, e.g. central processing units (CPUs), graphics processing units
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(GPUs), digital signal processors (DSPs) or application specific processors (ASPs) etc., and in
programmable logic (FPGA) implementation, the core type for any core slot 520 is furthermore
reconfigurable per expressed demands 430 of the active app-tasks.

[0048] Asillustrated in FIG. 5, the processor system 500 comprises an array 515 of processing
cores 520, which are dynamically shared among a the locally hosted tasks of a set of application
programs configured to run on the system 1. The logic at application specific modules 420 (FIG.
4) write via info flows 430 their associated applications’ capacity demand indicators 530 to the
controller 540. Each of these indicators 530, referred to herein as core-demand-figures (CDFs),
express how many cores 520 their associated app-task is presently able utilize for its ready to
execute instances. Moreover, the RX logic for the individual applications write the application
CDFs to a look-up-table (LUT) at the controller per Table 1 format, as described later on in this
specification under heading “Summary of process flow and information formats...”. Furthermore,
these capacity demand expressions 430, written to controller 540 by the RX logic (at module 420)
of each locally hosted app-task, include a list 535 identifying its ready instances in a priority order
per LUT of Table 3 format, also described later on in this specification under the heading
“Summary of process flow and information formats..”.

[0049] A hardware logic based controller module 540 within the processor system 500,
through a periodic process, allocates and assigns the cores 520 of the processor 500 among the set
of applications 610 (FIG. 6) and their instances, at least in part based on the CDFs 530 of the
applications. This application instance to core assignment process 700 (see FIGS. 6 and 7) is
exercised periodically, e.g. at intervals such as once per a defined number (for instance 64, 256 or
1024, or so forth) of processing core clock or instruction cycles. The application instance to core
assignment algorithms of the controller 540 produce, for the application instances on the processor
500, identification 550 of their execution cores (if any, at any given time), as well as for the cores
of the fabric 515, identification 5600f their respective app-inst:s to process. As shown in FIGS. 4
and 5, the app-inst to core mapping info 560 also directs the muxing 450 of input data from an
appropriate app-inst to each core of the array 515. The app-inst to core mapping info 550 is also
used to configure the muxing 580 of the input data read control signals from the core array 515
(via info flow 590) to the FIFOs 415 of the app-inst assigned for any given core.

[0050] Note that the verb “to assign” is used herein reciprocally, i.e., it can refer, depending

on the perspective, both to assignment of cores 520 to app-inst:s 640 (see FIG. 6) as well as to
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mapping of app-inst:s 640 to cores 520. This is due to that the allocation and mapping algorithms
of the controller 540 cause one app-inst 640 to be assigned per any given core 520 of the array 515
by each run of such algorithms 700 (see FIGS. 6 and 7). As such, when it is written here, e.g., that
a particular core #x is assigned to process a given app-inst #y, it could have also been said that
app-inst #y is assigned for processing by core #x. Similarly, references such as “core #x assigned
to process app-inst #y”, could be written in the (more complex) form of “core #x for processing
app-inst #y assigned to it”, and so forth.

[0051] The controller module 540 is implemented by digital hardware logic within the system,
and the controller exercises its repeating algorithms, including those of process 700 per FIGS. 6-
7, without software involvement.

[0052] FIG. 6 illustrates, according to an embodiment of the invention, context for the process
700 performed by the controller logic 540 of the system 500, repeatedly selecting and placing the
to-be-executing instances 640 of the set of locally hosted app-tasks 610 to their assigned target
cores 520 within the array 515. The discussion below details an illustrative example embodiment
of this aspect of the invention.

[0053] Per FIG. 6, each individual app-task 620 configured for a system 500 has its collection
630 of its instances 640, even though for clarity of illustration in FIG. 6 this set of instances is
shown only for one of the applications within the set 610 configured for a given instance of system
500. Recalling that this multi-stage parallel processing architecture is designed for one task per
application program per processing stage, in the following discussion (incl. text in FIGS. 7-10) of
internal aspects of any of the processor systems 500 at a multi-stage processor system 1, references
to ‘application’ (app) have the meaning of a locally hosted application task (app-task).

[0054] Note also that, among the applications 620 there can be supervisory or maintenance
software programs for the system 500, used for instance to support configuring other applications
620 for the system 500, as well as provide general functions such as system boot-up and
diagnostics.

[0055] In the context of FIGS. 4-6, FIG. 7 provides a data flow diagram for an embodiment of
the process 700, which periodically selects app-inst:s for execution, and places each selected-to-
execute app-inst 640 within the sets 630 to one of the cores 520 within the array 515.

[0056] FIG. 7 presents, according to an embodiment of the invention, major phases of the app-

inst to core mapping process 700, used for maximizing the (value-add of the) application program
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processing throughput of the manycore fabric 510 shared among a number of software programs.

The discussion below details an illustrative example embodiment of this aspect of the invention.

[0057] The process 700, periodically selecting and mapping the to-be-executing instances of

the set 610 of applications to the array of processing cores within the processor 500, involves the

following steps:

(1) allocating 710 the array 515 of cores among the set of applications 610, based on CDFs 530
and CEs 717 of the applications, to produce for each application 620 a number of cores 520
allocated to it 715 (for the time period in between the current and the next run of the process
700); and

(2) based at least in part on the allocating 710, for each given application that was allocated at
least one core: (a) selecting 720, according to the app-inst priority list 535, the highest priority
instances of the given application for execution corresponding to the number of cores allocated
to the given application, and (b) mapping 730 each selected app-inst to one of the available
cores of the array 515, to produce, i) per each core of the array, an identification 560 of the
app-inst that the given core was assigned to, as well as ii) for each app-inst selected for
execution on the fabric 515, an identification 550 of its assigned core.

The periodically produced and updated outputs 550, 560 of the controller 540 process 700 will be

used for periodically re-configuring connectivity through the mux:s 450 (FIG. 4) and 580 (FIG. 5)

as well as the fabric memory access subsystem 800, as described in the following with references

to FIGS. 8-10.

[0058] FIGS. 8-10. and related specifications below describe embodiments of the on-chip

memory access subsystem 800 of a manycore processor 500 providing non-blocking processing

memory access connectivity (incl. for program instructions and interim processing results)
between the app-inst:s assigned to cores of the array 515 and app-inst specific memories at the
memory array 850. The manycore fabric memory access subsystem per FIGS. 8-10 comprises

hardware logic, and is able to operate without software involvement. The capabilities per FIGS. 8-

10 provide logic, wiring, memory etc. system resource efficient support for executing any app-inst

640 at any core 520 within the processor 500 at any given time (as controlled by the controller 540

that periodically optimizes the allocation and assignment of cores of the array 515 among the

locally hosted app-inst:s 620), while keeping each given app-inst connected to its own (program

instruction and interim processing results containing) memory element at memory array 850.
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Fabric memory access subsystem for manycore processor per FIG. 5:

[0059] FIG. 8 presents, according to an embodiment of the invention, logic arrangements to
provide access by app-inst:s executing at the core array to app-inst specific memory locations
within the core fabric. The discussion below details an illustrative example embodiment of this
aspect of the invention.

[0060] Per FIG. 8, to direct write and read control access from the array of cores 515 to the
array of app-inst specific memories 850, the controller 540 identifies 550, for a cross-connect (XC)
830 between the core array 515 and memory array 850, the presently active source core for write
and read control access 810, 840 to each given app-inst specific segment 950 within the memory
array 850. Similarly, to direct read access by the array of cores 515 to the array of app-inst specific
memories 850, the controller also identifies 560 for the XC 870 the memory segment 950 (at the
memory array 850) of the app-inst presently assigned for each given core 520 of the array.

[0061] Based on the control 560 by the controller 540 for a given core indicating that it will
be subject to an app-inst switchover, the currently executing app-inst is made to stop executing
and its processing state from the core is backed up 810, 940 (FIGS. 8 and 9) to the segment 950 of
that exiting app-inst at the memory array 850 (FIGS. 8 and 9), while the processing state of the
next instance assigned to execute on the given core is retrieved 1010, 880 to the core from the
memory array 850 (FIGS. 8 and 10). Note that ‘processing state” herein refers to processing status
data, if any, stored at the core 520, such as the current executing app-inst specific processor register
file contents etc. interim processing results. During these app-inst switching proceedings the
operation of the cores subject to instance switchover is controlled through the controller 540 and
switchover logic at the cores 520, with said switchover logic backing up and retrieving the
outgoing and incoming app-inst processing states from the memories 850. Cores not indicated by
controller 540 as being subject to instance switchover continue their processing uninterruptedly
through the Core Allocation Period (CAP) transition times.

[0062] Note that applying of updated app-inst ID# configurations 560 for the core specific
mux:s 1020 of XC 870 (see FIGS. 8 and 10), as well as applying of the updated processing core
ID# configurations 550 for the app-inst specific mux:s 910 at XC 830 (see FIG. 8 and 9), can be

safely and efficiently done on one mux at a time basis (reducing the system hardware and software
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implementation complexity and thus improving cost-efficiency), since none of the app-inst:s needs
to know whether or at which core itself or any other app-inst is executing within the system 1 at
any given time. Instead of relying on knowledge of the their respective previous, current (if any at
any given time) or future execution cores by either the app-task instances or any system software,
the architecture enables flexibly running any instance of any app-task at any core of the processing
systems 300 that they are hosted on.

[0063] FIG. 9 shows, according to an embodiment of the invention, at a more detail level, a
portion of the logic system 800 (see FIGS. 5 and 8 for context) for providing write access and read
access control from the cores of the system 500 to the memories 950 specific to their presently
assigned execution app-inst:s. The discussion below details an illustrative example embodiment
of this aspect of the invention.

[0064] The XC 830 comprises a set of app-inst specific mux:s 910, each of which selects the
write and read control access bus from the set 810 identified 550 to it for write direction access
940 to its associated app-inst specific segment 950 at the memory array 850. Each such app-inst
specific mux 910 makes these selections based on control 550 from the controller 540 that
identifies the core (if any) presently assigned to process its associated app-inst.

[0065] At digital logic design level, the write access (incl. read control) bus instance within
the set 810 from the core ID #y (y is an integer between 0 and Y-1) is connected to the data input
#y of each mux 910 of XC 830, so that the identification 550 of the appropriate source core ID#
by the controller to a given mux 910 causes the XC 830 to connect the write and read control buses
810 from the core array 515 to the proper app-inst specific segments 950 within the memory 850.
The controller 540 uses information from an application instance ID# addressed look-up-table per
Table 4 format (shown later in this specification, under heading “Summary of process flow and
information formats..”) in supplying the present processing core (if any) identifications 550 to the
application instance specific mux:s 910 of XC 830 (the info flow 550 also includes a bit indicating
whether a given app-inst was selected for execution at a given time — if not this active/inactive
app-inst indicator bit causes the muxes 910 to disable write access to such app-inst’s memory 950).
[0066] In addition to write data, address and enable (and any other relevant write access
signals), the buses 810 and 940 include the read access control signals including the read address

to memory 950, from their source cores to their presently assigned processing app-inst:s’ memory
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segments 950, to direct read access from the cores of the array 515 to the memory array 850, which
function is illustrated in FIG. 10.

[0067] FIG. 10 shows, according to an embodiment of the invention, at a greater level of detail
a portion of the logic system per FIG. 8 for connecting to each given processing core within a
system 500 (FIG. 5) the read data bus from the memory 950 specific to the app-inst assigned to
any given core at any given time. The discussion below details an illustrative example embodiment
of this aspect of the invention.

[0068] The XC 870 (see FIG. 8 for context) comprises core specific mux:s 1020, each of which
selects the read data bus (from set 1010) of the app-inst presently identified 560 for processing by
the core associated with a given mux 1020 for connection 880 to that core 520.

[0069] Similar to the digital logic level description of the mux 910 (in connection to FIG. 9),
the logic implementation for functionality illustrated in FIG. 10, is such that the read data bus
instance (from set 1010) associated with application instance ID #m (m is an integer between 0
and M-1) is connected to the data input #m of each mux 1020 instance, so that the identification
(by the controller 540) of the active application instance ID# 560 for each of these core specific
mux:s 1020 of XC 870 causes the XC 870 to connect each given core 520 of the array 515 in read
direction to the memory segment 950 (at memory array 850) that is associated with its indicated
560 active app-inst. The controller 540 uses information from a core ID# addressed look-up-table
per Table 5 format (shown in later in this specification under the heading “Summary of process
flow and information formats..”) in supplying the active application instance identifications 560

to the core specific mux:s 1020 of XC 870.

Module-level implementation specifications for the application instance to core placement

process:

[0070] The steps of the process 700 (FIG. 7), according to an embodiment of the invention,
are described in the following. The process 700 is implemented by hardware logic in the controller
module 540 of a processor 500 per FIG. 5. Similar processes 700 are run (independently) for each
of the processing stages 300 of a given system 1.

[0071] Objectives for the core allocation algorithm 710 include maximizing the processor 500

core utilization (i.e., generally minimizing, and so long as there are ready app-inst:s, eliminating

26

488



Attorney Docket No. P50206US10

core idling), while ensuring that each application gets at least up to its entitled (e.g. a contract

based minimum) share of the processor 500 core capacity whenever it has processing load to utilize

such amount of cores. Each application configured for a given manycore processor 500 is specified

its entitled quota 717 of the cores, at least up to which quantity of cores it is to be allocated

whenever it is able to execute on such number of cores in parallel; sum of the applications' core

entitlements (CEs) 717 is not to exceed the total number of core slots in the given processor 500.

Each application program on the processor 500 gets from each run of the algorithm 710:

(1) at least the lesser of its (a) CE 717 and (b) Core Demand Figure (CDF) 530 worth of the

cores (and in case (a) and (b) are equal, the ‘lesser’ shall mean either of them, e.g. (a)); plus

(2) as much beyond that to match its CDF as is possible without violating condition (1) for any

application on the processor 500; plus

(3) the application's even division share of any cores remaining unallocated after conditions (1)

and (2) are satisfied for all applications 610 sharing the processor 500.

[0072] The algorithm 710 allocating cores 520 to application programs 620 runs as follows:

()

(it)

(iii)

First, any CDFs 530 by all application programs up to their CE 717 of the cores within the
array 515 are met. E.g., if a given program #P had its CDF worth zero cores and entitlement
for four cores, it will be allocated zero cores by this step (i). As another example, if a given
program #Q had its CDF worth five cores and entitlement for one core, it will be allocated
one core by this stage of the algorithm 710. To ensure that each app-task will be able at least
communicate with other tasks of its application at some defined minimum frequency, the
step (1) of the algorithm 710 allocates for each application program, regardless of the CDFs,
at least one core once in a specified number (e.g. sixteen) of process 700 runs.

Following step (i), any processing cores remaining unallocated are allocated, one core per
program at a time, among the application programs whose demand 530 for processing cores
had not been met by the amounts of cores so far allocated to them by preceding iterations of
this step (ii) within the given run of the algorithm 710. For instance, if after step (i) there
remained eight unallocated cores and the sum of unmet portions of the program CDFs was
six cores, the program #Q, based on the results of step (i) per above, will be allocated four
more cores by this step (ii) to match its CDF.

Following step (ii), any processing cores still remaining unallocated are allocated among the

application programs evenly, one core per program at time, until all the cores of the array
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515 are allocated among the set of programs 610. Continuing the example case from steps
(1) and (ii) above, this step (iii) will allocate the remaining two cores to certain two of the
programs (one for each). Programs with zero existing allocated cores, e.g. program #P from
step (i), are prioritized in allocating the remaining cores at the step (iii) stage of the algorithm
710.
[0073] Moreover, the iterations of steps (ii) and (iii) per above are started from a revolving
application program ID#s within the set 610, e.g. so that the application ID# to be served first by
these iterations is incremented by one (and returning to ID#0 after reaching the highest application
ID#) for each successive run of the process 700 and the algorithm 710 as part of it. Furthermore,
the revolving start app ID#s for the steps (ii) and (iii) are kept at offset from each other equal to
the number of app:s sharing the processor divided by two.
[0074] Accordingly, all cores 520 of the array 515 are allocated on each run of the related
algorithms 700 according to applications processing load variations while honoring their
contractual entitlements. The allocating of the array of cores 515 by the algorithm 710 is done in
order to minimize the greatest amount of unmet demands for cores (i.e. greatest difference between
the CDF and allocated number of cores for any given application 620) among the set of programs
610, while ensuring that any given program gets at least its entitled share of the processing cores
following such runs of the algorithm for which it demanded 530 at least such entitled share 717 of
the cores.
[0075] To study further details of the process 700, let us consider the cores of the processor
500 to be identified as core #0 through core #(Y-1). For simplicity and clarity of the description,
we will from hereon consider an example processor 500 under study with a relatively small number
Y of sixteen cores. We further assume here a scenario of relatively small number of also sixteen
application programs configured to run on that processor 500, with these applications identified
for the purpose of the description herein alphabetically, as application #A through application #P.
Note however that the architecture presents no actual limits for the number of cores, applications
or their instances for a given processor 500. For example, instances of processor 500 can be
configured a number of applications that is lesser or greater than (as well as equal to) the number
of cores.
[0076] Following the allocation 710 of the set of cores 515 among the applications610, for

each active application on the processor 500 (that were allocated one or more cores by the latest
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run of the core allocation algorithm 710), the individual ready-to-execute app-inst:s 640 are
selected 720 and mapped 730 to the number of cores allocated to the given application. One
schedulable 640 app-inst is assigned per one core 520 by each run of the process 700.

[0077] The app-inst selection 720 step of the process 700 produces, for each given application
of the set 610, lists 725 of to-be-executing app-inst:s to be mapped 730 to the subset of cores of
the array 515. Note that, as part of the periodic process 700, the selection 720 of to-be-executing
app-inst for any given active application (such that was allocated 710 at least one core) is done, in
addition to following of a chance in allocation 710 of cores among applications, also following a
change in app-inst priority list 535 of the given application, including when not in connection to
reallocation 710 of cores among the applications. The active app-inst to core mapping 730 is done
logically individually for each application, however keeping track of which cores are available for
any given application (by first assigning for each application their respective subsets of cores
among the array 515 and then running the mapping 730 in parallel for each application that has
new app-inst:s to be assigned to their execution cores).

[0078] The app-inst to core mapping algorithm 730 for any application begins by keeping any
continuing app-inst:s, i.e., app-inst:s selected to run on the array 515 both before and after the
present app-inst switchovers, mapped to their current cores also on the next allocation period. After
that rule is met, any newly selected app-inst:s for the application are mapped to available cores.
Specifically, assuming that a given application was allocated k (a positive integer) cores beyond
those used by its continuing app-inst:s, k highest priority ready but not-yet-mapped app-inst:s of
the application are mapped to k next available (i.e. not-yet-assigned) cores within the array 515
allocated to the application. In case that any given application had less than k ready but not-yet-
mapped app-inst:s, the highest priority other (e.g. waiting, not ready) app-inst:s are mapped to the
remaining available cores among the number cores allocated to the given application; these other
app-inst:s can thus directly begin executing on their assigned cores once they become ready. The
placing of newly selected app-inst:s, i.e., selected instances of applications beyond the app-inst:s
continuing over the switchover transition time, is done by mapping such yet-to-be-mapped app-

inst:s in incrementing app-inst ID# order to available cores in incrementing core ID# order.
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Summary of process flow and information formats produced and consumed by main stages

of the app-inst to core mapping process:

[0079] According to an embodiment of the invention, the production of updated mappings
560, 550 between selected app-inst:s 725 and the processing core slots 520 of the processor 500
by the process 700 (FIG. 7, implemented by controller 540 in FIG. 5) from the Core Demand
Figures (CDFs) 530 and app-inst priority lists 535 of the applications 620 (FIG. 6), as detailed
above with module level implementation examples, proceeds through the following stages and
intermediate results (in reference to FIG. 7):

[0080] The RX logic 400 produces for each application 620 its CDF 530, e.g. an integer
between O and the number of cores within the array 515 expressing how many concurrently
executable app-inst:s 640 the application presently has ready to execute. The information format
530, as used by the core allocation phase of the process 700, is such that logic with the core
allocation module 710 repeatedly samples the application CDF bits written 430 to it by the RX
logic 400 (FIGS. 4, 5 and 7) and, based on such samples, forms an application ID-indexed table
(per Table 1 below) as a ‘snapshot’ of the application CDFs as an input for next exercising of the
process 700. An example of such format of the information 530 is provided in Table 1 below —
note however that in the hardware logic implementation, the application ID index, e.g. for range
A through P, is represented by a digital number, e.g., in range 0 through 15, and as such, the
application ID # serves as the index for the CDF entries of this array, eliminating the need to

actually store any representation of the application ID for the table providing information 530:

Application ID index CDF value
A 0
B 12
C 3
P 1
Table 1.

[0081] Regarding Table 1 above, note that the values of entries shown are simply examples of

possible values of some of the application CDFs, and that the CDF values of the applications can
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change arbitrarily for each new run of the process 700 and its algorithm 710 using snapshots of
the CDFs.
[0082] Based (in part) on the application ID# indexed CDF array 530 per Table 1 above, the
core allocation algorithm 710 of the process 700 produces another similarly formatted application
ID indexed table, whose entries 715 at this stage are the number of cores allocated to each

application on the processor 500, as shown in Table 2 below:

Application ID index Number of cores allocated
A 0
B 6
C 3
P 1
Table 2.
[0083] Regarding Table 2 above, note again that the values of entries shown are simply

examples of possible number of cores allocated to some of the applications after a given run on
the algorithm 710, as well as that in hardware logic this array 715 can be simply the numbers of
cores allocated per application, as the application ID# for any given entry of this array is given by
the index # of the given entry in the array 715.

[0084] The app-inst selection sub-process 720, done individually for each application of the
set 610, uses as its inputs the per-application core allocations 715 per Table 2 above, as well as
priority ordered lists 535 of ready app-inst IDs of any given application. Each such application
specific list 535 has the (descending) app-inst priority level as its index, and, as a values stored at
each such indexed element, the intra-application scope instance ID#, plus, for processors 500

supporting reconfigurable core slot, an indication of the target core type (e.g. CPU, DSP, GPU or
a specified ASP) demanded by the app-inst, as shown in the example of Table 3 below:

App-inst priority index # --
application internal (lower
index value signifies more

urgent app-inst)

App-inst ID # (identifies the
app-inst-specific memory 950
within the memory array 850)

Target core type
(e.g., 0 denotes CPU,
1 denotes DSP, and
2 denotes GPU, etc. )

0

0

1

2
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15 2 1

Table 3.

[0085]  Notes regarding implicit indexing and non-specific examples used for values per Tables
1-2 apply also for Table 3.

[0086] The RX logic 400 writes 430 for each application 620 of the set 610 the intra-app
instance priority list 535 per Table 3 to controller 540, to be used as an input for the active app-
inst selection sub-process 720, which produces per-application listings 725 of selected app-inst:s,
along with their corresponding target core types where applicable. Based at least in part on the
application specific active app-inst listings 725, the core to app-inst assignment algorithm module
730 produces a core ID# indexed array 550 indexed with the application and instance IDs, and

provides as its contents the assigned processing core ID (if any), per Table 4 below:

Application ID Instance ID Processing core ID

-- MSBs of index (within the application of | (value ‘Y’ here indicates that
column to the left) -- LSBs of | the given app-inst is not
index presently selected for

execution at any of the cores)

A 0 0

A 1 Y

A 15 3

B 0 1

B 1 Y

B 15 7

C 0 2

P 0 15
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P 15 Y

Table 4.
[0087] Finally, by inverting the roles of index and contents from Table 4, an array 560
expressing to which app-inst ID# each given core of the fabric 510 got assigned, per Table 5 below,
is formed. Specifically, Table 5 is formed by using as its index the contents of Table 4 i.e. the core
ID numbers (other than those marked ‘Y’), and as its contents the app-inst ID index from Table 4
corresponding each core ID# (along with, where applicable, the core type demanded by the given
app-inst, with the core type for any given selected app-inst being denoted as part of the information
flow 725 (FIG. 7) produced from a data array per Table 3). This format for the app-inst to core

mapping info 560 is illustrated in the example below:

Core ID | Application Instance ID Core type
index ID (within the application of | (e.g., 0 denotes CPU,
column to the left) 1 denotes DSP, and
2 denotes GPU, etc. )
0 P 0 0
1 B 0 0
2 B 8 2
15 N 1 1
Table 5.

[0088] Regarding Tables 4 and 5 above, note that the symbolic application IDs (A through P)
used here for clarity will in digital logic implementation map into numeric representations, e.g. in
the range from O through 15. Also, the notes per Tables 1-3 above regarding the implicit indexing
(i.e., core ID for any given app-inst ID entry is given by the index of the given entry, eliminating
the need to store the core IDs in this array) apply for the logic implementation of Tables 4 and 5
as well.

[0089] In hardware logic implementation the application and the intra-app-inst IDs of Table 5
are bitfields of same digital entry at any given index of the array 560; the application ID bits are

33

495



Attorney Docket No. P50206US10

the most significant bits (MSBs) and the app-inst ID bits the least significant (LSBs), and together

these identify the active app-inst’s memory 950 in the memory array 850 (for the core with ID#

equaling the given index to app-inst ID# array per Table 5).

[0090] By comparing Tables 4 and 5 above, it is seen that the information contents at Table 4

are the same as at Table 5; the difference in purposes between them is that while Table 5 gives for

any core slot 520 its active app-inst ID# 560 to process (along with the demanded core type), Table

4 gives for any given app-inst its processing core 550 (if any at a given time). As seen from FIGS.

8-10, the Table 5 outputs are used to configure the core specific mux:s 1020 at XC 870, while the

Table 4 outputs are used to configure the app-inst specific mux:s 910 at XC 830.

[0091] Note further that, according to the process 700, when the app-inst to core placement

module 730 gets an updated list of selected app-inst:s 725 for one or more applications 620

(following a change in either or both of core to application allocations 715 or app-inst priority lists

535 of one or more applications), it will be able to identify from Tables 4 and 5 the following:

I. The set of activating, to-be-mapped, app-inst:s, i.e., app-inst:s within lists 725 not mapped to
any core by the previous run of the placement algorithm 730. This set I is produced by taking
those app-inst:s from the updated selected app-inst lists 725, per Table 4 format, whose core
ID# was ‘Y’ (indicating app-inst not active) in the latest Table 4;

II. The set of deactivating app-inst:s, i.e., app-inst:s that were included in the previous, but not
in the latest, selected app-inst lists 725. This set Il is produced by taking those app-inst:s from
the latest Table 4 whose core ID# was not ‘Y’ (indicating app-inst active) but that were not
included in the updated selected app-inst lists 725; and

III. The set of available cores, i.e., cores 520 which in the latest Table 5 were assigned to the set
of deactivating app-inst:s (set II above).

The placer module 730 uses the above info to map the active app-inst:s to cores of the array in a
manner that keeps the continuing app-inst:s executing on their present cores, thereby maximizing
utilization of the core array 515 for processing the user applications 620. Specifically, the
placement algorithm 730 maps the individual app-inst:s 640 within the set I of activating app-inst:s
in their increasing app-inst ID# order for processing at core instances within the set III of available
cores in their increasing core ID# order.

[0092] Moreover, regarding placement of activating app-inst:s (set I as discussed above), the

placement algorithm 730 seeks to minimize the amount of core slots for which the activating app-
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inst demands a different execution core type than the deactivating app-inst did. Le., the placer will,
to the extent possible, place activating app-inst:s to such core slots where the deactivating app-inst
had the same execution core type. E.g., activating app-inst demanding the DSP type execution core
will be placed to the core slots where the deactivating app-inst:s also had run on DSP type cores.
This sub-step in placing the activation app-inst:s to their target core slots uses as one of its inputs
the new and preceding versions of (the core slot ID indexed) app-inst ID and core type arrays per

Table 5, to allow matching activating app-inst:s and the available core slots according to the core

type.

Architectural cost-efficiency benefits

[0093] Advantages of the system capacity utilization and application performance

optimization techniques described in the foregoing include:

- Increased user’s utility, measured as demanded-and-allocated cores per unit cost, as well as, in
most cases, allocated cores per unit cost

- Increased revenue generating capability for the service provider from CE based billables, per
unit cost for a system 1. This enables increasing the service provider’s operating cash flows
generated or supported by a system 1 of certain cost level. Also, compared to a given
computing service provider’s revenue level, this reduces the provider’s cost of revenue,
allowing the provider to offer more competitive contract pricing, by passing on at least a
portion of the savings to the customers (also referred to as users) running programs 620 on the
system 1, thereby further increasing the customer’s utility of the computing service subscribed
to (in terms of compute capacity received when needed, specifically, number of cores allocated
and utilized for parallel program execution) per unit cost of the service.

[0094] At a more technical level, the dynamic parallel processing techniques per FIGS. 1-10

allow cost-efficiently sharing a manycore based computing hardware among a number of

application software programs, each executing on a time variable, dynamically optimized number

of cores, maximizing the whole system data processing throughput, while providing deterministic
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minimum system processing capacity access levels for each of the applications configured to run
on the given system.

[0095] Moreover, the hardware operating system 540 and the processing fabric memory access
subsystem 800 (described in relation to FIGS. 5-10) enables running any application task on a
processor 500 at any of its cores at any given time, in a restriction free manner, with minimized
overhead, including minimized core idle times, and without a need for a collective operating
system software during the system runtime operation (i.e., after its startup or maintenance
configuration periods) to handle matters such as monitoring, prioritizing, scheduling, placing and
policing user applications and their tasks. The hardware OS 540 fabric memory access subsystem
800 achieve this optimally flexible use of the cores of the system in a (both software and hardware)
implementation efficient manner (including logic and wiring resource efficiently), without a need
for core to core level cross-connectivity, as well as memory efficiently without a need for the cores
to hold more than one app-task-inst’s processing state (if any needed) within their memories at a
time. Instead of needing core to core cross-connects for inter-task communications and/or memory
image transfers, the memory access subsystem 800 achieves their purposes by more efficiently (in
terms of system resources needed) through a set of mux:s connecting the cores with appropriate
app-task-inst specific memory segments at the fabric memory arrays. The system 1 architecture
enables application tasks running on any core of any processing stage of the system to
communicate with any other task of the given application without requiring any such
communicating tasks to know whether and where (at which core) any other task is running at any
given time. The system thus provides architecturally improved scalability for parallel data
processing systems as the number of cores, applications and tasks within applications grows.
[0096] To summarize, the dynamic parallel execution environment provided by the system 1
enables each application program to dynamically get a maximized number of cores that it can
utilize concurrently so long as such demand-driven core allocation allows all applications on the
system to get at least up to their entitled number of cores whenever their processing load actually
so demands.

[0097] The presented architecture moreover provides straightforward 10 as well as inter-app-
task communications for the set of application (server) programs configured to run on the system
per FIG. 1. The external world is typically exposed, for any given one of such applications, with a

virtual singular app-instance instance (proxy), while the system supports executing concurrently
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any number of instances of any given app-task on the core fabrics 510 of the processing stages 300
(within the limit of core slot capacity of the system).

[0098] To achieve this, the architecture involves an entry-stage (“master-stage”) processing
system (typically with the master tasks of the set of applications 610 hosted on it), which distribute
the received data processing workloads for worker-stage processing systems, which host the rest
of the tasks of the application programs, with the exception of the parts (tasks) of the program
hosted on the exit stage processing system, which typically assembles the processing results from
the worker stage tasks for transmission to the appropriate external parties. External users and
applications communicates directly with the entry and (in their receive direction, exit) stage
processing system i.e. with the master tasks of each application, and these master tasks pass on
data load units (requests/messages/files/steams) for processing by the worker tasks on the worker-
stage processing systems, with each such data unit identified by their app-task instance ID#s, and
with the app ID# bits inserted by controllers 540, to ensure inter-task communications stay within
their authorized scope, by default within the local application. There may be multiple instances of
any given (locally hosted) app-task executing simultaneously on both the entry/exit as well as
worker stage manycore processors, to accommodate variations in the types and volumes of the
processing workloads at any given time, both between and within the applications 620 (FIG. 6).
[0099] The received and buffered data loads to be processed drive, at least in part, the dynamic
allocating and assignment of cores among the app-inst:s at any given stage of processing by the
multi-stage manycore processing system, in order to maximize the total (value adding, e.g.
revenue-generating) on-time IO data processing throughput of the system across all the
applications on the system.

[0100] The architecture provides a straightforward way for the hosted applications to access
and exchange their IO and inter-task data without concern of through which input/output ports any
given IO data units may have been received or are to be transmitted at any given stage of
processing, or whether or at which cores of their host processors any given source or destination
app-task instances may be executing at any given time. External parties (e.g. client programs)
interacting with the (server) application programs hosted on the system 1 are likewise able to
transact with such applications through a virtual static contact point, i.e., the (initially non-specific,

and subsequently specifiable instance of the) master task of any given application, while within
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the system the applications are dynamically parallelized and/or pipelined, with their app-task

instances able to activate, deactivate and be located without restrictions.

[0101] The dynamic parallel program execution techniques thus enable dynamically

optimizing the allocation of parallel processing capacity among a number of concurrently running

application software programs, in a manner that is adaptive to realtime processing loads of the

applications, with minimized system (hardware and software) overhead costs. Furthermore, the

system per FIGS. 1-10 and related descriptions enable maximizing the overall utility computing

cost-efficiency. Accordingly, benefits of the application load adaptive, minimized overhead multi-

user parallel data processing system include:

Practically all the application processing time of all the cores across the system is made
available to the user applications, as there is no need for a common system software to run on
the system (e.g. to perform on the cores traditional system software tasks such as time tick
processing, serving interrupts, scheduling, placing applications and their tasks to the cores,
billing, policing, etc.).

The application programs do not experience any considerable delays in ever waiting access to
their (e.g. contract-based) entitled share of the system processing capacity, as any number of
the processing applications configured for the system can run on the system concurrently, with
a dynamically optimized number of parallel (incl. pipelined) cores allocated per an application.
The allocation of the processing time across all the cores of the system among the application
programs sharing the system is adaptive to realtime processing loads of these applications.
There is inherent security (including, where desired, isolation) between the individual
processing applications in the system, as each application resides in its dedicated (logical)
segments of the system memories, and can safely use the shared processing system effectively
as if it was the sole application running on it. This hardware based security among the
application programs and tasks sharing the manycore data processing system per FIGS. 1-10
further facilitates more straightforward, cost-efficient and faster development and testing of
applications and tasks to run on such systems, as undesired interactions between the different
user application programs can be disabled already at the system hardware resource access

level.
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The dynamic parallel execution techniques thus enable maximizing data processing throughput
per unit cost across all the user applications configured to run on the shared multi-stage manycore
processing system.

[0102] The presented manycore processor architecture with hardware based scheduling and
context switching accordingly ensures that any given application gets at least its entitled share of
the dynamically shared parallel processing system capacity whenever the given application
actually is able to utilize at least its entitled quota of system capacity, and as much processing
capacity beyond its entitled quota as is possible without blocking the access to the entitled and fair
share of the processing capacity by any other application program that is actually able at that time
to utilize such capacity that it is entitled to. For instance, the dynamic parallel execution
architecture presented thus enables any given user application to get access to the full processing
capacity of the manycore system whenever the given application is the sole application offering
processing load for the shared manycore system. In effect, the techniques per FIGS. 1-10 provide
for each user application with an assured access to its contract based percentage (e.g. 10%) of the
manycore system throughput capacity, plus most of the time much greater share, even 100%, of
the processing system capacity, with the cost base for any given user application being largely
defined by only its committed access percentage worth of the shared manycore processing system
costs.

[0103] The references [1], [2], [3], [4], [5], [6], [7], [8] and [9] provide further reference
specifications and use cases for aspects and embodiments of the invented techniques. Among
other such aspects disclosed in these references, the reference [4], at its paragraphs 69-81 and its
FIG. 11, provides descriptions for a billing subsystem 1100 (see FIG. 7 herein for context) of a
controller 540 of a manycore processing system 500 according to an embodiment of the
invention.

[0104] This description and drawings are included to illustrate architecture and operation of
practical and illustrative example embodiments of the invention, but are not meant to limit the
scope of the invention. For instance, even though the description does specify certain system
parameters to certain types and values, persons of skill in the art will realize, in view of this
description, that any design utilizing the architectural or operational principles of the disclosed
systems and methods, with any set of practical types and values for the system parameters, is

within the scope of the invention. For instance, in view of this description, persons of skill in the

39

501



Attorney Docket No. P50206US10

art will understand that the disclosed architecture sets no actual limit for the number of cores in a
given system, or for the maximum number of applications or tasks to execute concurrently.
Moreover, the system elements and process steps, though shown as distinct to clarify the
illustration and the description, can in various embodiments be merged or combined with other
elements, or further subdivided and rearranged, etc., without departing from the spirit and scope
of the invention. It will also be obvious to implement the systems and methods disclosed herein
using various combinations of software and hardware. Finally, persons of skill in the art will
realize that various embodiments of the invention can use different nomenclature and
terminology to describe the system elements, process phases etc. technical concepts in their
respective implementations. Generally, from this description many variants will be understood

by one skilled in the art that are yet encompassed by the spirit and scope of the invention.
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What is claimed is:

1. A system, executing on at least one of hardware logic and software logic
executing on a plurality of processors, for hosting a plurality of application programs, the system
comprising:

a plurality of processing data input buffers, each input buffer of the plurality of processing
data input buffers queuing data for one program of the plurality of application programs;
an array of cores of computing capacity;
a first subsystem configured to allocate the array of cores of computing capacity among the
plurality of application programs, wherein
allocating comprises allocating the array of cores of computing capacity based at least
in part on
a respective volume of data at each buffer of the plurality of processing data
input buffers, and
a respective processing quota of each application program of at least a portion
of the plurality of application programs,
and
allocating comprises allocating more than one core of the array of cores of computing
capacity to at least one of the plurality of application programs;

a second subsystem configured to assign, for each program of the plurality of programs, each
core allocated to the respective program to a different instance of the respective program,
wherein

the assigning results in assignment of a plurality of selected instances of a plurality of

instances of the plurality of programs, the plurality of instances comprising one or
more allocable instances of each program of the plurality of programs, wherein a
number of the plurality of selected instances is fewer than a maximum number of the
plurality of instances; and
a third subsystem for establishing direct data access from each input buffer of the plurality of
processing data input buffers to the respective core of the array of cores assigned a given
corresponding instance of the program for which the respective input buffer is queuing

data, according to the assigning.
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ABSTRACT

Systems and methods provide an extensible, multi-stage, realtime application program processing
load adaptive, manycore data processing architecture shared dynamically among instances of
parallelized and pipelined application software programs, according to processing load variations
of said programs and their tasks and instances, as well as contractual policies. The invented
techniques provide, at the same time, both application software development productivity, through
presenting for software a simple, virtual static view of the actually dynamically allocated and
assigned processing hardware resources, together with high program runtime performance,
through scalable pipelined and parallelized program execution with minimized overhead, as well

as high resource efficiency, through adaptively optimized processing resource allocation.
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PTO/AIA/80 (07-17)

Approved for use through 03/31/2021. OMB 0651-0035

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

Under the Paperwork Reduction Act of 1995, no person is required to respond to a collection of information unless it displays a valid OMB control number

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

I hereby revoke all previous powers of attorney given in the application identified in the attached
statement under 37 CFR 3.73(c).

| hereby appoint:

Practitioners associated with Customer Number: | 146018
OR

I:I Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

Registration Name Registration
Number Number

Name

As attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with

any and all patent applications assigned only to the undersigned according to the USPTO assignment records or assignment documents
attached to this form in accordance with 37 CFR 3.73{(c).

Please change the correspondence address for the application identified in the attached statement
under 37 CFR 3.73(c) to:

The address associated with Customer Number: 146018
OR

I:I Firm or individual name

Address

City | State Zip

Country

Telephone | Email

Assignee name and address: ThroughPuter, Inc.

249 Richmond Road
Williamsburg, VA 23185

A copy of this form, together with a statement under 37 CFR 3.73{c) (Form PTO/AIA/96 or equivalent) is required to be
filed in each application in which this form is used. The statement under 37 CFR 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 filed.

SIGNATURE of Assignee of Record
The individuat whose signature and title is supplied below is authorized to act on behalf of the assignee.

Signature N Date 2020-04-14

Name  Mark Henrik Sandstrom " | Telephone 703-951-7754

Title  President

This collection of information is required by 37 CFR 1.31, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public, which is to update
(and by the USPTO to process) the file of a patent or reexamination proceeding. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This
collection is estimated to take 18 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-PT0-9199 and select option 2.
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PTO/AIA/96 (08-12)

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.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner; _ThroughPuter, Inc.

Application No./Patent No.: _10 b€ assigned Filed/Issue Date: March 25, 2021

Titled: MANAGING RESOURCE SHARING IN A MULTI-CORE DATA PROCESSING FABRIC

ThroughPuter, 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 gne of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. D An assignee of less than the entire right, title, and interest (check applicable box):

D 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.

D 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. D 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. D 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 954187 , Frame 0842 , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. 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.
2. 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.

[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 the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)
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.

3. From:

STATEMENT UNDER 37 CFR 3.73(c)

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.
To:

5. From:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

6. From:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

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).

m 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 belowy) is authorized to act on behalf of the assignee.

/Natalie J. Grace/ March 25, 2021
Signature Date

Natalie J. Grace 65803

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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