
UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. ISSUE DATE 

16/103,798 08/11/2020 

131413 7590 07/22/2020 

NDWE LLP/Intel 
99 Almaden Boulevard, Suite 710 
San Jose, CA 95113 

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

PATENT NO. ATTORNEY DOCKET NO. 

10740281 42P38886C-Cl 

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) 

CONFIRMATION NO. 

5727 

The Patent Term Adjustment is 53 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): 

VARGHESE GEORGE, Folsom, CA; 
INTEL CORPORATION, Santa Clara, CA; 
SANJEEV S. JAHAGIRDAR, Folsom, CA; 
DEBORAH T. MARR, Portland, OR; 

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) 



Doc Code: MFEE.C.AD PTO/SB/47-EFS 

Document Description: Maintenance Fee Address Change 

FEE ADDRESS INDICATION FORM 

Application Number Art Unit 
16103798 2183 

Filing Date Examiner Name 
14-Aug-2018 ERIC COLEMAN 

First Name Inventor Attorney Doc. Number 
VARGHESE GEORGE 42P38886C-C1 

INSTRUCTIONS: In order for the fee address identified on this form to be effective, the issue fee must have been paid for the application 
listed on this form. Only an address represented by a customer number can be established as the fee address for maintenance fee 
purposes (hereafter, fee address). A fee address should be established when correspondence related to maintenance fees should be 
mailed to a different address than the correspondence address for the application. For more information on customer numbers, see the 
Manual of Patent Examining Procedure (MPEP) § 403. 

Please recognize as the Fee Address under the provisions of 37 CFR 1.363 the address associated with: 

Customer Number: 000197 
CPA GLOBAL LIMITED 

2318 Mill Road 12th Floor 

ALEXANDRIA VA 22314 
UNITED STATES 
7037392234 

Signature: 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am an attorney or agent registered to practice before the Patent and Trademark Office who 
has filed and has been granted power of attorney in this application. 

Signature /Scott A. Simmons/ Date 06-30-2020 

Name Scott A. Simmons Registration Number 60206 



Electronic Patent Application Fee Transmittal 

Application Number: 16103798 

Filing Date: 14-Aug-2018 

Title of Invention: 
ASYMMETRIC PERFORMANCE MULTICORE ARCHITECTURE WITH SAME 
INSTRUCTION SET ARCHITECTURE 

First Named Inventor/Applicant Name: VARGHESE GEORGE 

Filer: Scott Alan Simmons/Allison Madsen 

Attorney Docket Number: 42P38886C-Cl 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

UTILITY APPL ISSUE FEE 1501 1 1000 1000 

PUBL. FEE- EARLY, VOLUNTARY, OR NORMAL 1504 1 0 0 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1000 



Electronic Acknowledgement Receipt 

EFSID: 39877298 

Application Number: 16103798 

International Application Number: 

Confirmation Number: 5727 

Title of Invention: 
ASYMMETRIC PERFORMANCE MULTICORE ARCHITECTURE WITH SAME 
INSTRUCTION SET ARCHITECTURE 

First Named Inventor/Applicant Name: VARGHESE GEORGE 

Customer Number: 131413 

Filer: Scott Alan Simmons/Allison Madsen 

Filer Authorized By: Scott Alan Simmons 

Attorney Docket Number: 42P38886C-Cl 

Receipt Date: 30-JUN-2020 

Filing Date: 14-AUG-2018 

Time Stamp: 18:10:38 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1000 

RAM confirmation Number E20206TI 10346312 

Deposit Account 506674 

Authorized User Allison Madsen 

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

37 CFR 1.20 (Post Issuance fees) 

37 CFR 1.21 (Miscellaneous fees and charges) 



File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

46298 

1 Issue Fee Payment (PT0-85B) Web85b.pdf no 2 
8046cd0802ea3cf262c9b79ed56291f1416 

ebOS 

Warnings: 

Information: 

32454 

2 Maintenance Fee Address Change web85feeaddress.pdf no 1 
8fa5f78d02a84194db312abe9299093Sc39 

01575 

Warnings: 

Information: 

31974 

3 Fee Worksheet (5B06) fee-info.pdf no 2 
9e421a47878c29c7c7b9fd359c5b1 0ebd62 

be801 

Warnings: 

Information: 

Total Files Size (in bytes) 110726 

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 Agglications 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 Agglication 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 Agglication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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. 



Doc Code: IFEE PTOU85B-EFS 

Document Description: Issue Fee Payment (PTO-85B) 

Issue Fee Transmittal Form 

Application Number Filing Date First Named Inventor Atty. Docket No. Confirmation No. 

16103798 14-Aug-2018 VARGHESE GEORGE 42P38886C-C1 5727 

TITLE OF INVENTION : 

ASYMMETRIC PERFORMANCE MULTICORE ARCHITECTURE WITH SAME INSTRUCTION SET ARCHITECTURE 

Entity Status Application Type Art Unit Class - Subclass EXAMINER 

Regular Undiscounted Utility under 35 USC 111 (a) 2183 032000 ERIC COLEMAN 

Issue Fee Due Publication Due Total Fee(s) Due Date Due Prev. Paid Fee 

$1000 $0 $1000 08-Jul-2020 $0 

1.Change of Correspondence Address and/or Indication Of Fee Address (37 CFR 1.33 & 1.363) 
Current Correspondence Address: 

131413 
NDWE LLP/lntel 

99 Almaden Boulevard, Suite 710 

San Jose CA 95113 
UNITED STATES 
408-675-0441 

D Change of correspondence address requested, system 
generated AIA/122-EFS form attached 

2.Entity Status 

Change in Entity Status 

Current Indicated Fee Address: 

1:8'.1 Fee Address indication requested, system generated SB/47-EFS 
form attached 

Applicant certifying micro entity status; system generated Micro Entity certification form attached. See 37 CFR 1.29. 

0 

0 

Note: Absent a valid certification of micro entity status, issue fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
If this box is checked, you will be prompted to choose a micro entity status on the gross income basis (37 CFR 1.29(a)) or the institution of higher education basis 
(37 CFR 1.29(d)), and make the applicable certification online. 

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

Applicant changing to regular undiscounted fee status. 
Note: Checking this box will be taken to be a notification of loss of entitlement to small or micro entity status, as applicable. 

WEB IFEE 1.0 



Doc Code: IFEE 

Document Description: Issue Fee Payment (PTO-85B) 

3.The Following Fee(s) Are Submitted: 

IZJ Issue Fee 

D Publication Fee 

D Advance Order - # of copies 

4.Firm and/or Attorney Names To Be Printed 
NOTE: If no name is listed, no name will be printed 
For printing on the patent front page, list to be displayed as entered 

1. NICHOLSON DE VOS WEBSTER & ELLIOTT LLP 

2. 

3. 

S.Assignee Name(s) and Residence Data To Be Printed 

□ 

□ 

IZI 

PTOU85B-EFS 

I authorize USPTO to apply my previously paid issue fee to the 
current fees due 

The Director is hereby authorized to apply my previously paid 
issue fee to the current fee due and to charge deficient fees to 
Deposit Account Number 

If in addition to the payment of the issue fee amount submitted 
with this form, there are any discrepancies in any amount(s) due, 
the Director is authorized to charge any def!fbt'6% or credit any 
overpayment, to Deposit Account Number _______ _ 
The issue fee must be submitted with this form. If payment of 
the issue fee does not accompany this form, checking this box 
and providing a deposit account number will NOT be 
effective to satisfy full payment of the fee(s) due. 

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

Name City State Country Category 

INTEL CORPORATION Santa Clara CALIFORNIA united states corporation 

6.Signature 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am an attorney or agent registered to practice before the Patent and Trademark Office who has filed and has been granted 
power of attorney in this application. I also certify that this Fee(s) Transmittal form is being transmitted to the US PTO via EFS-WEB on the date indicated below. 

Signature /Scott A. Simmons/ Date 06-30-2020 

Name Scott A. Simmons Registration Number 60206 

WEB IFEE 1.0 



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 
131413 7590 04/08/2020 

NDWE LLP/Intel COLEMAN, ERIC 

99 Almaden Boulevard, Suite 710 
San Jose, CA 95113 ART UNIT PAPER NUMBER 

2183 

DATE MAILED: 04/08/2020 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

16/103,798 08/14/2018 VARGHESE GEORGE 42P38886C-Cl 5727 

TITLE OF INVENTION: ASYMMETRIC PERFORMANCE MULTICORE ARCHITECTURE WITH SAME INSTRUCTION SET ARCHITECTURE 

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

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 07/08/2020 

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. 

Page 1 of 3 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence 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. 

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

131413 7590 04/08/2020 

NDWE LLP/Intel 
99 Almaden Boulevard, Suite 710 
San Jose, CA 95113 

APPLICATION NO. FILING DATE 

16/103,798 08/14/2018 

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. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

VARGHESE GEORGE 42P38886C-Cl 5727 

TITLE OF INVENTION: ASYMMETRIC PERFORMANCE MULTICORE ARCHITECTURE WITH SAME INSTRUCTION SET ARCHITECTURE 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1000 

EXAMINER ART UNIT 

COLEMAN, ERIC 2183 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

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

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

712-032000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1000 07/08/2020 

2 ______________ _ 

3 ______________ _ 

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: □Issue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

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

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

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

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

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

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

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



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/103,798 08/14/2018 

131413 7590 04/08/2020 

NDWE LLP/Intel 
99 Almaden Boulevard, Suite 710 
San Jose, CA 95113 

FIRST NAMED INVENTOR 

VARGHESE GEORGE 

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

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

ATTORNEY DOCKET NO. CONFIRMATION NO. 

42P38886C-Cl 5727 

EXAMINER 

COLEMAN, ERIC 

ART UNIT PAPER NUMBER 

2183 

DATE MAILED: 04/08/2020 

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-010 I or (571 )-272-4200. 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
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 0MB 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. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

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



Notice of Allowability 

Application No. 
16/103, 798 
Examiner 
ERIC COLEMAN 

Applicant(s) 
GEORGE etal. 
Art Unit I AIA (FITF) Status 
2183 No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
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RESPONSE AND AMENDMENT 

Sir: 

In response to the Office action transmitted on December 6, 2019, Applicant respectfully 

requests the Examiner enter the following amendments and consider the following remarks. 
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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the application: 

What is claimed is: 

1. - 19. (Cancelled) 

20. (Currently amended) A multi-core processor comprising: 

a first plurality of cores and a second plurality of cores that support a same instruction set, 

wherein the first plurality of cores are higher performance and consume more power than 

the second plurality of cores, and each of the second plurality of cores have a maximum 

operating frequency that is less than a maximum operating frequency of each of the first 

plurality of cores; 

a caching layer shared by the first plurality of cores and the second plurality of cores; and 

power management hardware to enable and disable the first plurality of cores and the second 

plurality of cores, wherein an operating system that executes on the multi-core processor 

is to monitor a demand for the multi-core processor and control a core mix of the first 

plurality of cores and the second plurality of cores based on the demand with the power 

management hardware. 

21. (Cancelled). 

22. 

23. 

(Previously presented) The multi-core processor of claim 20, wherein each of the 

first plurality of cores and each of the second plurality of cores further include a 

respective caching layer therein. 

(Previously presented) The multi-core processor of claim 22, wherein each of the 

first plurality of cores includes therein a caching layer for data and a caching layer for 

instructions. 
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24. 

25. 

26. 

27. 

(Previously presented) The multi-core processor of claim 20, wherein the core mix 

includes a state where some of, but not all of, the first plurality of cores and the second 

plurality of cores are enabled. 

(Previously presented) The multi-core processor of claim 20, further comprising a 

system memory interface to couple to a system memory to search for a cache line, 

requested by any core of the first plurality of cores and the second plurality of cores, that 

is not found in the caching layer. 

(Previously presented) The multi-core processor of claim 20, wherein the first 

plurality of cores is at least three. 

(Previously presented) The multi-core processor of claim 20, further comprising 

coherency logic circuitry to maintain cache coherency in the caching layer shared by the 

first plurality of cores and the second plurality of cores. 

28. (Currently amended) A method comprising: 

monitoring a demand for a multi-core processor by an operating system executing on the multi­

core processor, wherein the multi-core processor comprises a first plurality of cores and a 

second plurality of cores that support a same instruction set, the first plurality of cores are 

higher performance and consume more power than the second plurality of cores, each of 

the second plurality of cores have a maximum operating frequency that is less than a 

maximum operating frequency of each of the first plurality of cores, and a caching layer 

shared by the first plurality of cores and the second plurality of cores; and 

controlling a core mix of the first plurality of cores and the second plurality of cores based on the 

demand with power management hardware of the multi-core processor. 

29. (Cancelled). 
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30. 

31. 

32. 

33. 

34. 

35. 

(Previously presented) The method of claim 28, wherein each of the first plurality 

of cores and each of the second plurality of cores further include a respective caching 

layer therein. 

(Previously presented) The method of claim 30, wherein each of the first plurality 

of cores includes therein a caching layer for data and a caching layer for instructions. 

(Previously presented) The method of claim 28, wherein the core mix includes a 

state where some of, but not all of, the first plurality of cores and the second plurality of 

cores are enabled. 

(Previously presented) The method of claim 28, further comprising coupling a 

system memory interface of the multi-core processor to a system memory to search for a 

cache line, requested by any core of the first plurality of cores and the second plurality of 

cores, that is not found in the caching layer. 

(Previously presented) 

is at least three. 

(Previously presented) 

The method of claim 28, wherein the first plurality of cores 

The method of claim 28, further comprising maintaining 

cache coherency, by coherency logic circuitry of the multi-core processor, in the caching 

layer shared by the first plurality of cores and the second plurality of cores. 

36. (Currently amended) A non-transitory machine readable medium containing code that 

when processed by a machine causes a method to be performed, the method comprising: 

monitoring a demand for a multi-core processor by an operating system executing on the multi­

core processor, wherein the multi-core processor comprises a first plurality of cores and a 

second plurality of cores that support a same instruction set, the first plurality of cores are 

higher performance and consume more power than the second plurality of cores, each of 

the second plurality of cores have a maximum operating frequency that is less than a 
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maximum operating frequency of each of the first plurality of cores, and a caching layer 

shared by the first plurality of cores and the second plurality of cores; and 

controlling a core mix of the first plurality of cores and the second plurality of cores based on the 

demand with power management hardware of the multi-core processor. 

37. (Cancelled). 

38. 

39. 

40. 

41. 

42. 

43. 

(Previously presented) The non-transitory machine readable medium of claim 36, 

wherein each of the first plurality of cores and each of the second plurality of cores 

further include a respective caching layer therein. 

(Previously presented) The non-transitory machine readable medium of claim 38, 

wherein each of the first plurality of cores includes therein a caching layer for data and a 

caching layer for instructions. 

(Previously presented) The non-transitory machine readable medium of claim 36, 

wherein the core mix includes a state where some of, but not all of, the first plurality of 

cores and the second plurality of cores are enabled. 

(Previously presented) The non-transitory machine readable medium of claim 36, 

further comprising coupling a system memory interface of the multi-core processor to a 

system memory to search for a cache line, requested by any core of the first plurality of 

cores and the second plurality of cores, that is not found in the caching layer. 

(Previously presented) The non-transitory machine readable medium of claim 36, 

wherein the first plurality of cores is at least three. 

(Previously presented) The non-transitory machine readable medium of claim 36, 

further comprising maintaining cache coherency, by coherency logic circuitry of the 
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multi-core processor, in the caching layer shared by the first plurality of cores and the 

second plurality of cores. 
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REMARKS 

The Applicant sincerely thanks Examiner Coleman for the phone interview on March 5, 

2020. 

(1) Interview Summary: 

In the call, the Examiner and Applicant's representative discussed the claim rejections. 

(2) Response to the Office Action 

The enclosed is responsive to the Examiner's Office action transmitted on December 6, 

2019. Claims 20, 22-28, 30-36, and 38-43 are pending, with claims 20, 28, and 36 being 

independent. Claims 1-19, 21, 29, and 37 have been cancelled. Claims 20, 28, and 36 have been 

amended. No new subject matter has been added. Applicant respectfully requests 

reconsideration of the present application and the allowance of all claims now presented. 

35 U.S.C. § 103 Rejections 

Claims 20-22, 24, 25, 27, 28-30, 32, 33, 35-38, 40, 41, and 43 were rejected under 35 

U.S.C. 103(a) as being allegedly unpatentable over Hum, U.S. Publication No. 2009/0222654 

(hereinafter "Hum") in view of Hady, U.S. Publication No. 2006/0112226 (hereinafter "Hady"). 

Claim 23, 31, and 39 were rejected under pre-AIA 35 U.S.C. 103(a) as being allegedly 

unpatentable over Hum and Hady as applied to claim 22, and further in view of Gray, U.S. 

Publication No. 2011/0131377 (Hereinafter "Gray"). Claims 26, 34, and 42 were rejected under 

pre-AIA 35 U.S.C. 103(a) as being allegedly unpatentable over Hum and Hady as applied to 

claim 22, and further in view of Kumar et al., IEEE article entitled "Single-ISA Heterogenous 

Multi-Core Architectures", (Hereinafter "Kumar"). 

The cited portions of the references do not appear to teach or suggest the Applicant's 

claims. For example, the cited portions of the references do not appear to teach or suggest: 
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20. A multi-core processor comprising: 
a first plurality of cores and a second plurality of cores that support a same instruction 

set, wherein the first plurality of cores are higher performance and consume more 
power than the second plurality of cores, and each of the second plurality of 
cores have a maximum operating frequency that is less than a maximum 
operating frequency of each of the first plurality of cores; 

a caching layer shared by the first plurality of cores and the second plurality of cores; and 
power management hardware to enable and disable the first plurality of cores and the 

second plurality of cores, wherein an operating system that executes on the multi­
core processor is to monitor a demand for the multi-core processor and control a 
core mix of the first plurality of cores and the second plurality of cores based on 
the demand with the power management hardware. (Emphasis added.) 

as in Applicant's amended independent claim 20, or: 

28. A method comprising: 
monitoring a demand for a multi-core processor by an operating system executing on the 

multi-core processor, wherein the multi-core processor comprises a first plurality 
of cores and a second plurality of cores that support a same instruction set, the 
first plurality of cores are higher performance and consume more power than the 
second plurality of cores, each of the second plurality of cores have a 
maximum operating frequency that is less than a maximum operating 
frequency of each of the first plurality of cores, and a caching layer shared by 
the first plurality of cores and the second plurality of cores; and 

controlling a core mix of the first plurality of cores and the second plurality of cores 
based on the demand with power management hardware of the multi-core 
processor. (Emphasis added.) 

as in Applicant's amended independent claim 28, or: 

36. A non-transitory machine readable medium containing code that when processed by 
a machine causes a method to be performed, the method comprising: 

monitoring a demand for a multi-core processor by an operating system executing on the 
multi-core processor, wherein the multi-core processor comprises a first plurality 
of cores and a second plurality of cores that support a same instruction set, the 
first plurality of cores are higher performance and consume more power than the 
second plurality of cores, each of the second plurality of cores have a 
maximum operating frequency that is less than a maximum operating 
frequency of each of the first plurality of cores, and a caching layer shared by 
the first plurality of cores and the second plurality of cores; and 

controlling a core mix of the first plurality of cores and the second plurality of cores 
based on the demand with power management hardware of the multi-core 
processor. (Emphasis added.) 
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as in Applicant's amended independent claim 36. The last paragraph on page 4 of the Office 

action appears to allege official notice of the claim language "each of the second plurality of 

cores have a maximum operating frequency that is less than a maximum operating frequency of 

each of the first plurality of cores" now in Applicant's amended independent claims 20, 28, and 

36. 

If the Office action is taking official notice of the above, then any allegations of Official 

notice are hereby traversed. Applicant submits that these allegations are not "capable of instant 

and unquestionable demonstration as being well-known" and are thus improper (see, e.g., MPEP 

§2144.03). "It is never appropriate to rely solely on common knowledge in the art without 

evidentiary support in the record as the principal evidence upon which a rejection was based." See 

Zurko, 258 F.3d at 1386, 59 USPQ2d at 1697; Ahlert, 424 F.2d at 1092, 165 USPQ 421. 

Because the Applicant has demonstrated the patentability of all pending independent 

claims, the Applicant respectfully submits that all pending claims are allowable. The 

Applicant's silence with respect to the dependent claims should not be construed as an admission 

by the Applicant that the Applicant is complicit with the Examiner's rejection of these 

claims. Because the Applicant has demonstrated the patentability of the independent claims, the 

Applicant need not substantively address the theories of rejection applied to the dependent 

claims. 

In light of the comments above, Applicant respectfully requests the allowance of all 

claims. 
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CONCLUSION 

Applicant respectfully submits that all rejections have been overcome and that all 

pending claims are in condition for allowance. If the Examiner believes an additional telephone 

conference would expedite or assist in the allowance of the present application, the Examiner is 

invited to call Scott A. Simmons at (408) 675-0441. Authorization is hereby given to charge our 

Deposit Account No. 506674 for any charges that may be due. 

Respectfully submitted, 
NICHOLSON, DE VOS, WEBSTER, & ELLIOTT, LLP 

Date: March 6, 2020 

99 Almaden Blvd., Ste. 710 
San Jose, Ca 95113 

408-675-0441 

/Scott A. Simmons/ 
Scott A. Simmons 
Reg. No.: 60,206 
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Application/Control Number: 16/103,798 
Art Unit: 2183 

Notice of Pre-A/A or A/A Status 

The present application is being examined under the pre-AIA first to invent 

provisions. 

Claim Rejections - 35 USC § 103 

Page 2 

In the event the determination of the status of the application as subject to AIA 35 

U.S.C. 102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any 

correction of the statutory basis for the rejection will not be considered a new ground of 

rejection if the prior art relied upon, and the rationale supporting the rejection, would be 

the same under either status. 

The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis 

for all obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described 
as set forth in section 102, if the differences between the subject matter sought to be patented 
and the prior art are such that the subject matter as a whole would have been obvious at the 
time the invention was made to a person having ordinary skill in the art to which said subject 
matter pertains. Patentability shall not be negatived by the manner in which the invention was 
made. 

Claims 20-22,24,25,27,28-30,32,33,35,36-38,40,41,43 is/are rejected under pre­

AIA 35 U.S.C. 103(a) as being unpatentable over Hum (patent application publication 

No. 2009/0222654) in view of Hady (patent application publication No. 2006/0112226). 

1-19 (Cancelled) 

Hum taught the invention substantially as claimed including (as to claim 20) 

including A multi-core processor comprising: 
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a first plurality of cores (223,227,233,237,243,247,253,257)and a second plurality of 

cores (223,227,233,237,243,247,253,257) that support a same instruction set (e.g., see 

fig. 2 and paragraphs 0015,0024)[in one embodiment the main processing 

element(s)(cores) have the same ISA as the lower power/performance 

element(s)(cores) (e.g., x86)], 

wherein the first plurality of cores are higher performance and consume more power 

than the second plurality of core(e.g., see paragraph 0015 and0024]; 

a caching portion (123,203,207,213,217) shared by the first plurality of cores and the 

second plurality of cores (e.g., figs. 1,2 and see paragraphs 0019 and 0024). 

Hum did not expressly detail and caching portion being a layer. Hum however 

taught the system being be part of a multiple core (single die) microprocessor (e.g., see 

paragraph 0037). Therefore One of ordinary skill would have been motivated to 

implement the caching as a layer of the microprocessor to reduce system size and 

distance between the cache and the processor(s) for better communication); 

On the other hand Hady taught this limitation (e.g., see paragraph 0017) 

It would have been obvious to one of ordinary skill in that art to combine the 

teachings of Hum and Hady. Both references were directed to the problems 

processing data on system of heterogeneous processors. One of ordinary skill would 

have been motivated incorporate the Hady teachings of including the processors and 

cache on the same integrated circuit at least to reduce system size and cost. Also the 

addition of the Hady teachings would have yielded predictable results at least because 
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both references were directed to processing using programmable processors 

performing similar processes. 
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Hum taught power management hardware to enable and disable the first plurality 

of cores and the second plurality of cores, wherein an operating system that executes 

on the multi-core processor is to monitor a demand for the multi-core processor and 

control a core mix of the first plurality of cores and the second plurality of cores based 

on the demand with the power management hardware (e.g., see fig.? and paragraphs 

0020, 0034). 

Due to the similarities between claims 20 and 28 and 36; claims 28 and 36 are 

rejected for the same reasons as claim 20. As to the further limitation of an operating 

system in claim 36 Hum taught monitoring by an operating system (e.g., see paragraph 

0020). 

As to claims 21, 29, 37 Hum and Hady taught The multi-core processor of claim 

20, Hum taught that the processing elements had different clock frequency capabilities 

(e.g .. , see paragraph 0016) but did not expressly detail wherein each of the second 

plurality of cores have a maximum operating frequency that is less than a maximum 

operating frequency of each of the first plurality of cores. However One of ordinary skill 

would have been motivated to include processor that had a higher maximum frequency 

as another processor that operated at a different frequency a least to optimize the ability 

of the system to perform a wide variety of processing tasks that required differing 

amounts of processing power efficiently. 



Application/Control Number: 16/103,798 Page 5 
Art Unit: 2183 

As to claims 22,30,38 Hum and Hady taught The multi-core processor of claim 

20, Hum taught wherein each of the first plurality of cores and each of the second 

plurality of cores further include a respective caching layer therein (e.g., see paragraph 

0025)[Note Hum taught each processor may include a local cache]. 

As to claims 24, 32, 40 Hum and Hady taught The multi-core processor of claim 

20, Hum taught wherein the core mix includes a state where some of, but not all of, the 

first plurality of cores and the second plurality of cores are enabled (e.g., see 

paragraphs 0034-0035,0017,0024 and figs. 2, 8). 

As to claims 25, 33, 41 Hum and Hady taught The multi-core processor of claim 

20, Hady taught further comprising a system memory interface to couple to a system 

memory to search for a cache line, requested by any core of the first plurality of cores 

and the second plurality of cores, that is not found in the caching layer (e.g., see 

figs.4A-4C and paragraphs 0022-0025). 

As to claims 27, 35, 43 Hum and Hady The multi-core processor of claim 20, 

Hady taught further comprising coherency logic circuitry to maintain cache coherency in 

the caching layer shared by the first plurality of cores and the second plurality of cores 

(e.g., see paragraph 0022). 

Claims 23,31,39 are rejected under pre-AIA 35 U.S.C. 103(a) as being 

unpatentable over Hum and Hady as applied to claim 22 above, and further in view of 

Gray (patent application publication No. 20110131377). 
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As to claims 23, 31, 39 Hum and Hady taught The multi-core processor of claim 

22, and Gray taught wherein each of the first plurality of cores includes therein a 

caching layer for data and a caching layer for instructions (e.g., see paragraphs 0014-

0015](at least on the single chip implementation taught by Gray the instruction cache 

and data caches taught by Gray would have comprised layers of the chip). 

It would have been obvious to one of ordinary skill in the art to combine the 

teachings of Hum and Gray. Both references were directed toward the problems of 

optimizing processing in asymmetric processing systems. One of ordinary skill would 

have been motivated to incorporate the Gray teachings of having separate instruction 

and data caches on a chip at least to provide more efficient access for data and 

instructions especially when both were to be access concurrently. Also the addition of 

the Gray teachings would have yielded predictable results at least because both 

references were directed toward processing using programmable processors 

performing similar processes. 

Claims 26,34,42 are rejected under pre-AIA 35 U.S.C. 103(a) as being 

unpatentable over Hum and Hady as applied to claim 22 above, and further in view of 

in view of Kumar etal. (IEEE article entitled Single-lSA Heterogeneous Multi-Core 

Architectures). 

As to claims 26, 34, 42 Hum and Hady taught The multi-core processor of 

claim 20, Hum taught wherein the first plurality of cores is at least three (e.g., see fig. 2 

and paragraph 0024)[note in the embodiment with each of processors 201,205,210,215 
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including asymmetric cores 223,227,233,237,243,247,253,257) the plurality of first 

cores includes at least three]. On the other hand, Kumar taught this limitation (e.g., see 

fig.1 of 3rd page and section 3.1 on the 4th page of the article). 

It would have been obvious to one ordinary skill in the art to combine the 

teachings of Hum and Kumar. Both references were directed toward the problems of 

performance in processing in asymmetric processing system. One ordinary skill would 

have been motivated to incorporate the Kumar teachings of including multiple groups of 

processor that are at least one group includes at least three processors to provide for 

optimization of the processing especially when there were a large number for tasks 

optimized with fast cores and/or a large number of task optimized with slower cores. 

Also the addition of the Kumar teachings would have yielded predictable results at least 

because both references were directed to processing using programmable processor 

performing similar processes. 

Conclusion 

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

applicant's disclosure. 

Presant (patent No. 9,348,656) disclosed system for managing power among a 

plurality of processors sharing a thermal platform (e.g., see abstract). 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ERIC COLEMAN whose telephone number is (571 )272-

4163. The examiner can normally be reached on M-F. 
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Examiner interviews are available via telephone, in-person, and video 
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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, AIMEE J LI can be reached on 2-4169. 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 http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 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. 

EC 

/ERIC COLEMAN/ 

Primary Examiner, Art Unit 2183 

ERIC. COLEMAN 
Primary Examiner 
Art Unit 2183 
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1. -'ft*J£B, &'6: 
J1t~11 il:ff, Jlt~J rJri!.*mau.,1,,11: ~ ft.11i.; 
••ii:•, ~SrMatt~Ma&~4~Ma*m•~-~••; 

•~:i£•, ~SrMa~-~-•~4Ma*m•~••n+•• 
~A.½o 

2. ~;f•J~;J<. 1 6ll*J£B, Jt:.'11 rJri!.u~rJra£,J:i:JlJuiEff~~o 
3. ~t•J~;Jt 2 6ll*ma, Jt:. '11ii.i:t-if-r1rau~ff~~*"A ~ ,1ra~ 

~rfflatt~ff~~~•+~*••~••a•,-~ffla~•~• 

4. ~t•J~;Jt 1 tr?*J£B, Jl:.'11 rJr~u~fo}fa.,l,•~JlJ.fj:-+~#i!.~tr? 
:Ji+6lltt J§J D 

5. ~;f•J ~ ;ft 4 6(J * JJl B , Jt:. '"f ii. i:t-if-r}f ~ .fY:-+ ~ -it i!_ w 6(J :Ji♦~ 4t 
ro *YA*+~-<tt.fg:-♦-trt+~•~it-I-4t-I-, 4.;t.rJri£.~~tr?~tl-J: D 

6. ~;f•J~;Jt 1 6!J~ma, Jt:.'11r1r~u6!Jr1ra&A~JlJrJr~~6lJ~t1t~ 
{r?~#J;jk~o 

1. ~;f•J~>tt 6 6!J~ms-, Jt:.'11il.tt~,1r~~tit~6!JrJr~~#J~~* 
~~ffla~-~~rffla~#J~~~•+~*-•~••••,4.;t.ffl 
a~~~~tl-J: 0 

8. ~;f1J~;J<. 1 6!JM:J£B, Jt. '11 rJra£,J:i:JlJu~ % ~o 

9. ~t•J~;Jt 8 6!J~J£B, Jt. '11 rJra~-~~~½&'61Jratt~ %~o 
10. ~t•J~>J<- 1 ~~ma, Jt.1f'r1ra--1t♦J:i£~~ar,Jra~~~~J 

½~~~Ma~ms-~1~~&~1~~•0 
11. ~t•J~;Jt 1 ~*JJJ!.B, Jt:.t ,1ra~♦J:i£~~ar,1ra~~~~J 

-1:-~ ..t£rJra?J:1.f.B~ ku~iJ,~~faJ if.,lj$Jf-~ ~$0 
12. ~:f•J~4<- 1 ~~JJJ!.B, Jt:. '11 rJra.ft♦J:i£.flt~a r rJra~~~~J 

½m1~ii.,1ra?-1:J£S-~ PJfa~ Jl.l ~"iiJ""1&.•J1:t~ ~40 

13_ ~:f,J~;J<. 1 ~*JJJ!.S-, Jt.1f'r1ra--1t♦J:i£ff~SrrJra~~~~~ 

-J:~~ii.rJri!.?-1:J£Btr? r}fau Jtl ~"iiJ""~ffi~~ %4o 
14. ~:f•J~;fl 1 ~*JJJ!.11-, i£~'6A.-1til:.flfJ-A'1-t-#-r}fi!.-!h~~>J@lJ:l:­

~-~~~~laJ ~A.11i.o 
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1s. ~,t•J~;Jt 14 ~M:ma, i£B.fk;f.R¼%J3.fA~~rJra~~flJ~J½ 
~-~~~z~~ffli!.£~~~~;f.R¾o 

16. ~,f•J~;Jt 14 ~M:mS-, it B-M-~#%J3.v:J.~il--il-~#7T*~rJra 
~~~iN:t"~!¼~tlrJra~-$tJl!.f4o 

1 7. ~,f•J~;Jt 1 ~ M:ms-, it B.tfr~1t-;, ~it. ~4-.,:i. ftit•tJt~-tt~♦J o 

1s. -#~ma, B.tfr: 
--j.+•-~~~~; 

• ..::: j. +. -=-~ ~ ff?~; ... :i. ht 

•~,*••¾~~ffla•-§+~ffla•-~~~~¼ffla•-=-
j. +~ r)fi!.. -=-~~~Z-o 

19. ~,f•J~;Jt 1 s ff? ~ms-, Jt:. t rJra«~{il-ilk~ •-Bi-'f.¼ffierJra• 

2 o. ~,f•J~;Jt 1 s flJ ~ma, Jt:. + rJri!.{l~{il-.il-¾iie~¾iierJri!.•• 0 

21. ~,f•J~>t<-- 1s ~~ms-, Jt:.t rJi"at:l~B-M-•:f£.:tt,fJi!:f4, ;jtf-lJi­
••¾~~ffli!.•-=-§ +~z-**~~-•~ffli!.•-§ +~z-:tt 
$ ~tl fo)f i!.-..::: j. +ti z- o 

2 2. ~,f•J~>t<-- 21 ~~ma, Jt- t fiJta•:fX:tt)fll!.~ ~.tfr m -t-;}tf-l!.~ 
:fj:~¾t~tl~JJt~flJ~D 

2 3. ~,t•J~>t<-- 21 IIJ~ma, Jt- t rJi"i!.•:fXi:t$i!:t~PFJ.& -t-•tt ~ ~ 
-i)ij It. i.¥.Jf D 

2 4. ~,t•J~ ;Jt 1 s flJ * ~ s-, Jt:. t rJr a• - ~ ~ Iii ti flJ ,1t it-tt.-~ ~ --r 
P)f i!.. -=-~ ~ flJ ~ {r(J 1lt fit D 

2 s. ~,f•J ~;Jt 1 s flJ ?-L: ~ s-, Jt:. t .rJi"a• -~ ~ flJ ~ Iii ,1t tttii.i±iie.I 
~--r rJi"a• -=-~ ~ flJ ~ Iii ,1t tt D 

26. -#jy*, B.tfr: 
*•$.4l¾iie~tl .9-l:~S-~ 4l; 
Jli.>j!1J rJra~ms-~ flJ ~ ~~ •; 
it Jf.PJi"i!.jtf ,t€.~·~.JIJJ~~•zfiJ IIJ~,£~~; v:l.hl. 

~--rffli!.~£•~~ffli!.¼~~~~~D 
21. ~,f•J~;J<. 26 ~7T*, Jt:.trJri!.#~B.tfr.t£rJi"a?tms-~•ikl~ 

•k.{r(J~~~_.,J,IIJ~zfaJ a.~rJra•$.4l{r(JrJra¾fte .. 
2s. ~,t•J~;J<. 26 {r(Jjy*, Jt:. t rJi"a#i: B.tfrii.i±iie.IrJraM:ma~ 
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• i1-1 P}f a-YJ ... :k. ~ ~~ P}f a-YJ ... ,J, ~ ~ ifi1 ~~ P}f a-YJ ... k ~ ~ ~ P}f a-YJ 
1'- ,J, ~ ~ .:z fa] i}f i£..,f£. ~ ¼fte o 

29. ~;f•J~~ 26 ~if$!-, ~~~~r}faik.£4t.1i.11lta-J-faJ~¼o 
30. ~;f•J~~ 26 ~if*, ~~~Ma-tfaJ~#rJraik.£lt.1i.o 
31. -#if$!-, ~~= 
.JA .,t.i~Ar•••; s-A a 
*~+ffli£..,f£¼£~*•B~&.:z-, Jl:.'fffla¼£~ST-Yi1'­

ffi#-a 
32. ~;f,J~~ 31 ~if*, Jt:.tf' rJra*••~-~~fi~-tt=.:}lJ~-~ 

M;f,:r•..::.~M~fl!J"iiffteI.~o 
33. ~;f•J~~ 31 fl!Jir*, Jt:.tf' rJra*ma«&g~-it:1-ta•-~M 

;f,:r ~ ..::.~ M ~ fl!J ~ a 

34. ~;f•JJt-~ 31 fl!Jir*, ~~~*-iJi-•:f-¥.¼fte~tl* m rJra*ma« 
•fl!J~-==-~M~, **ffla~~•••~-~ffla*••~•i1-1fl!J~­
~M~it:;lJ~tl ,1ra•-==-~M~ 0 

35. ~~,J~~ 34 ~ir*, Jt:. tf' rJralf:,fJt£J ••it:$~t44Jt.~ .. 
36. ~;f•J~>t<- 34 fl!J ir*, Jl:. tf' JiJri£.lf:,fJ~S T•f¥ ~ tit-iAJJ.t.:f-¥.Jf o 
37. -#~tit, ~~= 
*•a, &~ Jlt~N ~*l s-::.l _111 ~1 ftJri£.*m S-~ fl!J &,r.t fl!J A 1t, #-t:l~ 

~~~STffli£.~fl!Jffli£.&~.JA~ffli£.*m&fl!J-Yi-•t, ~aa~~ 
t4~~STffli£.-YJ-•t•4ffli£.*m&fl!J**ff♦&½~J.t.½; 

¾;Ji• A/• th i!.tl; .-::.la 
~ P, *JiJri£.*m&;fl4¼~tlrJri£.¾:M#tA/.tll i!.~ .. 
38. ~;f1J~~ 31 fl!J~tit, Jt:.tf' JiJta~fl!JftJta&•rt.;lJ~~~*~' A 

Jt:.tf'•~*ffla«~~*~*~~ffla~*Tffla~~~*~a-r•+~ 
*••~•tat,.JA.,t.ffla-Yi•~••-

3 9. ~;f1J~~ 31 fl!J ~ tit, Jt:. tf' rJta~ ~ ,Jta&•rt.;lJ .fj:-+ ~~ i!. w ~ 
:ti♦lt. 1§1 , A.,t. 'f ii.l±;ft-r}fi£.*+H-t4ti!.W fl!J-ti♦A 1§1 *"A.fj:--1--a-J-*.fj:­
•n+••fl!Jfttat,.JA.,t.ffla-Yi~fl!J••-

4 o. ~;f1J~~ 31 fl!J ~tit, .,t. tf' ,1ra~ ~ rJta&•r.!.,;li ftJra~ ~ -Yi tiJk 
fl!J~•*~' AJt:.tf'ii.l±*ffla-YiftJk~ffla~•*~*~~ffla-Yi& 
~*Tffli£.~•*~~•+~~••fl!Jatat,.JA.,t.ffla-YJ•~• 
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41. ~,1:•J~;J<. 3 7 tr?~ tit, Jl:. lf r}fa~•t.t..79 « ~ % OC, AJt.1f i}j"~~ 

~fr?iN..-B-it-flJta«~ %if.L. 
4 2. ~'1:•J~;J<. 3 7 tr? ~tit, Jl:. 1f rJta~♦J i!.$f-~BT Plf ~~~tr? ~l -I­

~~~ffla~m&fllJi~~A~i~~•-
4 3. ~'1:•J ~;J<. 31 69 ~ tit, Jl:. 1=r rJJ"a~ ♦J it.~~ .a ,:-Plr~ ~~tr? ~J ½ 

~~r}fa~Jl!.&fllJ :k.~~,J,«~li] jj:~$,lf a? ••. 
44. ~.f•J~;J<. 31 69 ~tit, Jt-117 rJra~♦Ji!.t4~.a-r ffla~~~~N½ 

~--ffl~~--fllJffl~«~fllJ~~~-~--
4 s. ~'1:•J~;J<. 3 7 '9 ~ tJt, Jt. 1f rJra.tt:♦J it.~~ JtL T ffl~~ ~ ~ iN ½ 

~••ffla~m&fllJffl~~~~~~~~~•-
4s. ~'1:•J~;J<. 37 '9 ~ tJt, Jt t foJri!.~m&i3:. B-fk~1t.l{.~ .. A -it #-.rJt 

~~~a? $J;!1½~-JlJJ~ ~~,zfa] ~ ~,ft.. 
45. ~,1:•J~>t<- 45 fr?~ tic,, Jl:-117 P}fa~m•i3:. &.tk~¼~4 .. AI/ft ~F}f 

~~~'9•t~-JlJJ~~~.zM~ffl~A1i.lr?~M~¾. 
46. ~,1:•J~;f<_ 45 fr?~Jlt&, i3:.&'5;it#~4YA#{..;it#-~*-¥ffo}fa 

>}}~ fllJ ~u ;_ ~~ .ttl rJJ"a~-$11 l{.44. 
41. -::ff~ tJt, B-M-: 
~ma,&~~-!,+~-~~~~;~~,+~~~~~~;~ 

ll.~~, .f.f••¼ffiei.ttl .rlfa•-!, +fr? rta• -~~~~;;=i;-rJra•~i 
+~ rJr~-~~~~.z-; 

~~-A.I* m l!.44; lrAll. 

•o, *'Jr~~ma-.-½JtlrJr~~§.l$A./$mi!:-4l. 
48. ~.f•J~>t<-41 fllJ ~ tJt, Jt-1:r rJr~~J:kJi•~1'--ffi#-¼ffieirJr~••· 
4 9. ~'1:•J~;J<. 41 '9 ~ tjf,, Jt-1:r rJr~~~-ltlll-¼i!iei~¼ffieirJra•:fl.. 
so. ~.f•J~;J<.41 99 ~ tjf,, Jt:.117 rJra-l-l~ &-M-•'1£if:$l{.$f-, -if-ilj-• 

:fl.¼~~ffl~-~!,+~~-**~~--~P}f~--f+«~-if:$ 
.ttlrJra-~1'+~.z-0 

s 1. ~'1•J~;J<. so 99 ~ tJt, Jt:.117 rt~•• if:~ i!:~ &'6 m ,:-;Jf l{.~~ 
~¾t.Jtl~•~alJ~-

52. -:;ff~JJl-S-, &.M-: 
MT*••·¼~~~--~-~·I; 
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m-t-~~ffla~m&~alJm~~•alJ•I; 
Jflf-~~ffli!.m~~·~-~~•~~a?~k-,ft.a?~I; ~~ 
Jflf-~f-ffla~~•~~ffla¼~~~#~{rlJ~Io 
s 2. ~:f•J ~;f<. 5 2 alJ M: m B , Jt:. 11=' .rJr~Jfl -t-#~a? •.1:. @..t-tJFJ -t-_.ff_ .rJr 

aM:JJl!S-•4l rl-1 -!h•*i?~~~•,J .. alJ.#i~faJ ~~.rJra~«4la?¼~f? 
.Io 

s 3. ~:f1~~ s2 f/.JM:ma-, Jt:-11=' .rJri!.Jfl -t-#3ta? • .i:. @.#r-Jfl -t-ii.~ 
fie. I Ji}f i!.M: JJ!. 3.f.i. Jl-1 r}f i!. -!h ... Jc. {rlJ -ii~ fo}f i!. -!h ... ,J .. alJ-li ilr1 ~ ~ .r}f i!.-!h 
1'- :k. alJ «~ .rJrii.-!h ... ,J .. lr? ~ ~ faJ .r}f ii.~ft. {rlJ .rJrii.¼lc. {rlJ •Io 

s 4. ~:f•J~;t<. 5 2 f/.J M:JJI! a-, ~ @.#r-Jfl f-~ .rJri!. ~k 4t ~ fit.at faJ ~¼ 
{!Jlt-.1:.o 

55. ~:f•J~~ 52 i?M:JJl!3, ~~#r-Jfl -t-f.it.HtJ"faJ~#JiJri!.~k--ft.f? 
~Io 

56. -#M:JJ!.S-, ~~: 
Jfl f-~ .,t_ifi.fr~:fi 4fc f/.J ~I; .-~ ll. 
m-t-~~+ffla~«¼~~M:ma«•~-{!Jlt.I,Jt:.+ffla¼~ 

P{oJ EL f-~ 1'--Bi 1t- 0 

s 7. ~*•J ~ >it s 6 €1-J *Jl!. & , Jt:. t rJri!.*Jl!. B-m. ~Aldi~ ~11= ;,lJ • -
~ M ~. -==-~ M #i {rlJ "ii]"" ie.Jt#i D 

58. ~:f•J~;f<. 56 f/.JM:JJI!&, Jt:.t .r}fii.M:m&#i.@.#il3t~•-~ 
•:fuJtt..::.•••aiJ«o 

59. ~*•J~ .. f<- 56 aiJ*JJl!B, ~~#r-Jfl-t-;Jif--ilr~:U.¼i5e.~tlAt-tJ .rlfi!.* 
~-~-ir-J~~~~-ir-J~I, ~~Jflf-~ffli!.~~~~•~-~ffli!. 
*••••rl-1~--4~.f.i~8~ffli!.•~--~ir-J-Io 
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4t ~,4.Ji 1l 
*~~--~~Pf~~~~;ff"~~--.l:-~#-.1:-~-Jf-~~~~~~ 

•~~•~••, ~~~~~~~m§+~~•~••o 
-i,.f-l-.#:.~ 

~-~~~~'f,#.~11-tt•~~~~~~~½R~-Jf-ff 
(parallel ism) (.i.~j,J~;j;½) ~.I..1-f i -~J~~;ff" I*tt-.1:-~-Jf-ff (.i. 
~j,J-jf-ff)~1~j-, A~#*~~~*~~~-~-~~Pfft~ 
~o~~~#-.t:-i~t-g#~*~~.I..~,*~~~?h*~~*' 
~-~~~R~~-0~~~-jf-ff.I..~j-g#JDOO~,-~~-, 
~#~Bm o ;f:;j;½.I..1-f i ~Pf~~~IIJ 0. 2 .i.. 2. 0 ~ IPC (-fj:-+at.+r~ 

~~Ji 4--) , mi -jf--{-f 1..1t i ~ Pf J,~ R 4¥-~ Ill j; 4 ~ JL-f- Ip C ~ ,#.11J:. -.I:- D 

Jf=i-#~ ~ IPC jji:i:t1J!.m Ji-4'--~~-Jf-~-f~~-~~-Jf-ffPf.,~ffJtl o 
-~~~-~----~#~~#-.1:-£-Jf-~#~~~-j;~~~ 

;f:;j;o j; T ~-~ ~;f:;j;-.f:-,J:t ti, H--M~~ PJ"fii~~ ,J,~,1-f~R.JJL ~ 
,J,~ 3lt7it-RJ.Jl~--~.tt.~ B#ffi~NiJtA-f, ¼ _t_ ffi ~N' ~ ~it.~~ D 

~~#-.1:-~ft~a~~-~-Tk~~~, ~Lffi•,•·•-~• 
&. j,JTR-1¥-~~-Jf-ff#·~~ft, ~-•·-~Pfftk~~ff.#-d 
-.1:-C♦ ~>oA~.#-d½~--~~~B#~-#-.t:-~m,.ffl♦§a 

·~~♦, ~~~§~m, ~~§-•o 
~~~~~Pf~~~#-.1:-~-Jf-ff*~i~ff~*~-~--~½ 

?~M•.-+MMPfft~~~~TmM, ~, ~-•-RMM•~ 
t#.#:.~~*~lt~~~-~~-~.#-d-.t:-M•~~#.#:.~k~• 
.}f- D 

m- 00 -iJt HJJ 
~Mm 'f-iFfl•J:t~j{;,~f ~•1•1:t~l'1ia:.~~~, Jt:.'f ~m-m 'f1Jt.m 

~~~·~•••-iF~~~~*- ff-tOO'f: 
OOlj,i~--+~~~~g#~*~a~~•~I~~~~-­

~-iF~•~OO-iF. 
~2j,J~--+~~~~g#~~~-~•~~~Pf~~~~~ 
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¼:JJt&iF~•ltffiiFo 

JIJ3~•--+~A~~~#•~-~~-~-~I~4i~¼:JJt 
-~7F~•ltffi1Fa 

ffi4~--~Ll1Jl-+~~~~B#~•~&~B~~-~I~ 
4i~*••~7F••1tJIJ1Fa 

ms~••~Ll1Jl-+~~~~~#4i~*••~a~~m~~ 
iF ~ •It m iF a 

m6~ffe~r••*LaJJ-+~•~~-£~~~4i~I~~• 

ffi7~ffe~T•»*LaJJ»-+~A~~-£~~M~~I~~ 
:f_¥. m a 

JIJ8~ffe~T-•~LaJJ»-+~A~~-£~~M~~I~~ 
•mo 

009~-iF~T•»*LaJJ»-+~A~~#~~~M~~I~~ 
,f.£.IJL 

IJ)lOA~~-~LaJJ-+~~~~~#~~~~~§+~~~• 
a~ ~r/c,~ffe~•ltffi iF D 

ffilOB~~-~LaJJ»-~~~~B~~~~~~§+~~~­
a~ ~tic,~,F~•ltOO "iF o 

LaJlif~ 

T~•~r••~*•~~~m~*ffa½~~~~•~*•~ 
+ffl♦~••a•~&*-~T~•~~, $~T*§••m~~• 
~~*LnJl~~~A~mM, ~~~~~~,~#~~~~,~~~ 
a~~~oo~½&*· ~~,~~~&*A~~~TM,~•~·~ 
•m~~~~a*LnJl.~~~lt~~, ~•ifm~ffe~~~~~, 
n•~-~1%4~*~♦~~~~*Ll1Jl~~~aJJ~.*~~¼• 

&*A~--T~~~•~~-¥~A•~~~-~~-~§~~ 
~ o .t£. ~ • ~ ~ 11d ~ , * L aJ1 41t ._ jt 1Jd ~ * Int e 1 ® ,,~ al ♦J it. ~ 
Pentium®-•¼:m&~§4i~~~-1FJ~. ~~, *LaJJ~fl~aTJt. 
~~~~¼:m&, 1Jd~ Itanium ~-8-~Jtl·•~m3, I-Scale®~ 
~-•~ma-,A¼*~Jt.~r•A~**~*~*•••~~*~ 
~#~M~•m~•-· h~,-•~~~~~#A¼~~~•m~ 

8 
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ma, ~~m~, ~~, m•,~w,~¼~~~~~~~~~~* 
APJ""~~u~~~~§.Bo 

"iiJ"°i,A£-r-/ii:1Ltt+~-fii:f)'.ffl♦a (JPS) ~~½~lft.it. ... o IPS/~#ll. 

t~3lt.-f--/j:-.. .ffi♦1itt, ~¼ Jl!.~,J/B iii,~, IPS/ ~# jE ~-f--lj:-.-ffi♦ 

1it. ~ ,fjiJ. , flp : 

(IPS) I(~#)= (.ffi♦) / (ii .. -lf-) *:fl. 1 

**.ffl♦ftt~+~t~t~tt~~~Lt~~m.ffl♦~-~~ 
Matx*o~~#-lj:-*.ffl♦ftt~ffl-r*~½ttft~~fflf/.Jll.t. 

~~~-~---~~•*.ffl♦~~ff~~%~¼~%~%~ 
a, •~1ij""~~ff*•~••~~~~•¼#<~T•~,PJ""~&4~ 
"'~~M4ff*"'~>-~~-~T,-/j:-• .ffi♦ftt~~*-r~+* 
di,: ~/&k~J-A~m-3-+.tll♦~ "'l):.at (J,1,...f¼~~tl~lEI) ~"'~ "'A. 

ii.~ m-r~~•~~r ~~,,.e}~: 

E=CV2 / 2 *:f1. 2 

~PJ""~m~•~••.E~~•ff♦fflSI/.Jftt; c~~~•~a•~ 

>!.k~~ "'~tlt; V ~ "'~ ~J.li. 

-~ m B "iiJ"" fA ~-ff~~ 1 0 0 ~ # ~ l!l ~ ~. ffi 1f. ~ ml R J:.-fl= • ~ * 
~~MarJ;J~ff~~, x*•~••~~*i-fl=JJ;J~~~,•~•• 
~~~~e~~~~.ffi~. ~T~~~ij#,.~m&PJ""~½~~ 
-JtjAf/.J#J~~~-0 ~1~~~Jt jl_f/.J !, ~m&1iJ"°i,A-iJAJ-;; (-;;~) -lt-¥6#1 
~~#~l!l~~•~:1?~~~,x*~~~jE~lEl~~o.2+-lii:+~ 
4f ~ff 1/.J .ffi ♦ (IP C) ~ ;ff 2 0 I PC o ~ 7 -l>t. -#t- jl ~,~ fit , ,,ff.~ 1F -ff~ 'f ~ 
Jt jl_j, *m&/ii~~~*-lt- MIPS/~#~¼~3lt!~Jt-titt/.fi♦F.t.?,t_~tl 

100: 1 1/.J ~~YA .J:... 

t#1iJ""~~~-~f/.J#tttft~~*~•tt•~-~--f/.J-# 
*~~~-~*'f~fflf/.J~¼~~1iJ""M~*ff•t~~~~?,t_~~* 
m-r~•-3-+.-m+~••••·•ili,~~,~~~~~•fl-i*ff, ~ 
•~••1iJ""*ffl~PJ""Mf/.Jftt-•m-r*•~•n+;•~~~~~ 
kt~¼ff, ••*•B**•~~-•-•m-r~•~+ffi♦o~ 
"iiJ"" .. ~ .;fl J!. ~: 

P= (BPI) x (JPS) ;t:f£ 3 

Jt.'f P ~l!J~.w•ffi-'f-, BPI ~-lj:-+~~.fi♦f/.J-Sf-~ftt, IPS 

9 
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~~*~m•~~•~~~Mffi♦&•-~~~~•~*&M§~m 
a~Jt ,-JJ••#.-tf.JL-f-~~M7J<.-f-. 

X ~ r !t!-½ ,£ f\.1t, 4h 4 ~#: {CMOS) tt!. A 'F Mi. ~ ii. "iif Jfl -r ~ ff ;;r.;. Ii] 
M··••••~•-.-tf.-+~A~1f, •• ~.~M~•~~·7J<. 
-f-, ~~~*~~~-~mBM~tt!.A'Fnt#M •. ~T*~Jt~­
~mBM&~•-».-tf.~~~·••~oo~, "iif~~~~~~~~~ 
fftt!.A,pM.~ii..~-r•M••*ff,"iif~~Jfl~M~tt!.A'F~M 
~ff~-~~ff~•¾#t~ft-~-r~M••*ff,"iif~~m•M 
8tt!.A,p•M~ff*§~~*~•*M*~t~ft. *-r#~~~"iif 
·-~-~~-, ~~~~~~•~A-ff.:f'F••A~~tt!.ft~a~ 
"iif 1'A it__;ft Jfl . 

•,1£.••oo 1, ffemT•--+~A~~~~"iif.tt!.A,p·•~ 
I.M~~~JN.B~ffe~,Y-!OOffe. ffem T~ 1 120 .. ~ 2 130 .. ~ 3 140 

,p ~ 4 1 s o, 1!1-Jt.,/£. Jt-~ ~ A -fftl 1r1 , ~ m B 1r1 "iif fi~,/j-.-tf. § -r a+ 4 ¼ 
~-ra+~.-+A§+~~~~•*tt?.Aft~tt!.4'F~*M•ft~ 
tt?.4. m 1 *~~ffe tk T ~ 1 120 •* tt!.&~-$iJ tt!.4 122 ,pM.~-$iJ 
%4124, 1!t:JtJt-~~~"iiJ°"i,AJ!-*~itl@.4, 4¼ii1@.J.li~-$ij~jji·;J-s: 
~~~~~:Jt.*~A~~J!..4:lt~~-~~~~~~-

1i ilitll;Jt 11 o "iif JfJ f- i1t. ~ w .~ * ~ ~4 ¼ #-1-t &ff-.fk 1t•Jf 1f ,/j­
,/£. M *ff at. ,1£.-+ ~A~ lf, *ffat"iif~~ff~~#{J(JliJ~L 
~Ma•aij.,/£.Jt-~~A~lf, Jt-~£t"iifJflf-~~*ff-at,~ 
~•~~~Mffi•&a, 4¼"iif~#B•§a•A-tt-{J(J¼~ffi•~a 
~-1i~4;JtllO"iif~Jfl··~-~--M~&~-~4>t.ii*ff-a 
t.,1£.Jt-~~A~lf, 1i~-;JtllO"iif~~Jfl~~-~M~#~~~ 
Jt-~~ff-iil4>t.. "iif i,A i!.~~4¼ Ji] M11t~~ff-ii£4 >t.. 

•;x_ 1i ~•;Jt 11 o .JA >t.•lf 1r1 *-tt-{J(Jat~, -ii£1i itt•;Jtiif ii.:t± 
~½~ 112 .. 114 .. 116 ,p 11s -tiffe:lt 120 .. 130, 140 .. 1so a~.,t-1@. 
A,pfft-ifli •. ,1£.-+~~-fftl 1f, 'ft½~ 112 .. 114 ... 116 ,p 118 ~ "iif 
~Jfl-r-4•4*~~' 4¼~~¼:lt{J(J~•*~*~•-,1£.Jt-~~~ 
1Jtl 1f, "iif¥Aiarl:Ht-itf1~4¼-trt♦-tJL-M. ( instruction starvation) 

~~*M~ . .-tf.-+~~~1f,~*~•~~~{J(J*ffat~:i±~~ 
at{J(J«k-r~«, ~1i~«;Jti4.rt••~+~i:J=r(J(J~A,pfft-ifM. 
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~~••~~iiiffL§aro~••,•L~L§arolr-J~iiiiff~~ 
••-~•*mlr-J~~~•••~~#Lkaij~••-4•~,~ 
••••~-~¼ffat•~B~at~dkr~d, ~~~-~­
~-~~~~+~~4~~*••~~•-~~iiiffL~aro~• 
«,~~~L~aijlr-J~~~Liiiff~~--- •r~¼~~~~~ 
~~#L~arolr-J•«, ~•••~~~~~*m-

$..-+~~1ttl +, ~J-Ai~-itlfl.ffi♦4l-~ (ISA) Jt-~; .ffi:,ftt~m 
a, ~+~~~m~M~••~~~~-~~•~~-$..-+~~~ 
+, ~x~;~m•~~•~~~m•~~~, •~ma~#~*~ 
~,J,,~. ii ~~4~ ~~~.,A ~~;ffl M lr-J:trt♦•-¥;], 1~m ,il.~i!.J.L 
~~~~~~~~m~•B,A~~$..-•~*~~M.$..~~~A 
1,~ r:J7, ~ ~#~~ ~.ffi:~1,A ~~$11tJ-~~rt♦•-~, ~;i-,J•.ffl:~J-A ~ 
~k~lr-Jff♦•lr-J~A. k~~ftL£~,-•#t,•f-~&, 
'7ii ,J,~Pffj~)l~ Jf, ~;t-f:, nf -~-- Intel Pentium 4 ~m&~ 
Intel i486 ~1.!.BJl.~~~#ia!J·f\~ . .,Ji.~1-tl!.~A1fi r:J7, ~1-A1J!.Jfl~ 

ff~*i~•4~M~.ffi♦A-~~~~~i4~A~ft*~~~-
$..-+~~1ftl +, ~~ a; ~m•~~-.-t-k.ffl:~ 2s +,J,.fi, i!. 

~ # ~ {r-J .W ~ ~~. jEJ 2 5: 1 , {,F -J: ,J-1:. fit ~ 1'- jEJ 5 : 1 , -fi=-* .fi ♦ fit -J: jEJ 5 : 1 

~~~-~~~~~~x•;~m•~~r~i~.~r~~••• 

*ff, Pf~~ff•k#i~*~Aft#t~ft-~~~lr-J•«•*ff, 
~ YA iii ff; + ,J, ~ 1,A * ~tl J1l. ,fl a? .#-17J:. ½ •~ tft .. 

~1£.~.i'J, ,ftt~ma~.,A~ff-+k~~;i- 25 + 1l'•~- •-r~ 
M WJtt#-•«WJa ij Fxt.~ faJ ~1-ti, ~F~~WJ; ~J.J!Btit~.,Ji.k~~,J, 
~~~~---."iif~~~--~-~-~~#~~-. 

~~J:., JIJJ~~'-f:WJ,J,~~1itk~M~~ff-, M..ift1$..*~*~~ 
~,J,~17J:.-J:,t1:. fit~~-. ~~ .i1'1fd +, 3 +Jt.,utWJ.#-icl:. t ~~~"iif fil 
Jl*r* 1iJ k~~~-~.-t-,J,~. ~ T ~,J,•,~~tr.±.t.ffi~WJ~ ¾~, 
•~~i'F-1ftl~; i!. 5 + .. J,~ ~ k~ M ~iii.ff-, ~•~~ ti~§~faJ ~# 
-·~, ti"iif~*~~~-8-~L~-J-LkaroWJL~iii~lr-J-· 
~tt~T. 

~m~~~-•~m•~~#~~~~, "iif~~#~00~4:1~ 
••a♦ftt. ••~•~-~~•••~~~~~~~#tttft, 

11 
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1if ti~ *-&-.ti+ 11i ½ ~ ~ Ill -Bi .JJJ 1if tsiJtt :k.~tl 6: 1 , ~ ¼ * i&i&~ th ~ + 
ie:, Ill o 

~,(f.•~~2, ~thT~•-+~~~, B¼~lt~•~·~~ 
~1if~#~~~~--~~-~00~-~~•&1ifB~~-:k.~,~A 
~, ~B~:k.~{r!J 1J .. ~, l!p B#io ~th T A#i 1 220 .. A#i 2 222 .. ~ 
B ~ 1~60230-262, ~)l,(f.Jt.~~~1Jdff~m&ff1if1ii4,(f.1;t~+ A 
#i ~*-r+ B ~L§ A¼L!}l'fl!J#i. 

-Y, iiAl~ 21 o 1if -ii-~ Jfl -r ~ 4l ft .t-}f-~ ~ .fkA-rtt #:fl.If ff 4 --f£ a!J 
-Jf-tta½.--f£-+~~~ff, -Jf-tta½"iif~~~~~#a!J~atL~~ 
•••m.--f£Jt.~~~~ff,-:tu•~a,Jt.~~•1ifm-r~~*ffa 
•-;;~«&2101if~m••~•~••~1t&~••~~~-Jf-tta 
½.~Jt.~~~~Tf, ;;~-&2101if~~M~•&~a!J~#~~~ 
Jt.~-ff~~~-1if~~-~A*~M~~-ff~~~-

•-r1ifffl~tt#•:f£~am1ifft•at~~~, OOl{r!J~m&"iifB 
#r ni ~ ,,(£ :k. {r!J A .f-i ~ ,J .. {r!J B ~ z Ji] i1: ll. :fl. {r!J • :U. i1: ll ~ ~ 2 12 o .J}J ~ 

ft -i/t=-!}I' ½ {r!J ,J .. B ~ ~ :k. {r!J A #i ~ fft:i:€A-t, M. im ~ :X: ~ :k. {r!J A #i at~ ,J .. 
#-tr.±.½ ,J-1. tJi ~ ~ • . /;J T ~ ,J ... ~#-tr.±. t 4l ~ {r!J ~ ~ l;t , ii. i:tft i/t=-1Jd -:tu 
~~ s +,J .. ~ ~ :k.~ ~ llt:i:€.ff, Jl1J 1if1-~~1.i ~~•~~J~tlL.4.-r L:k. 

a m a!J JE ~i:€.ff fr!J • • fr!J ·ft »Lr ., 
*~;; iit.-tl& 21 o ~ ~•Jf ff-Jf-fffr!Jatat, ~;; jit.tl&"iif tm 

1t½• 224 ~ 266 ,g#) A #i~ B ~{r!JJ:. l@,A r % o --f£-+~~1J~ ff, 
-:tu•~•a!J-Jf-ffat•1t~•atfr!J«x.-r~«, •;;~«&2101if 
tm••11:~~~212~#J•~~:i:€.ffL§amfr!J•«, ~~••Pf 

~~L~am~B~J:.~ff-~•:X:mfr!JB#iiif~---~~#L:k. 
amfr!J•:fl.,A~••••fr!J*~A~"iif~•*m-•~~,-:tu•~ 
•fr!J-Jf-ffat•-rs~••~•*-r~•, •;;~«&"iif•1t--f£L~ 
amfr!JA~J:.~ff~~-•~~~•~~~ffL~am~••-~• 
••a!JB#i"iif~•:X:m,~~~*~~~~#i~~#L~ama!J••, 
AA~~-ii.~~#~L~•m~••--:tu•~a,.JJJ~~·~B~ 
~ A~~at~ff, ~~,(f.*~k~at~ 1J .. .#,.tr.±.½•t1.1ii~i!.-. 

~-+~~~ff, -y;~-~"iif~~~~~~~~•~~~~~­
~.E, -Y,~~~-$iJ#J~ (1Jdj(PiR:~~ff-:f£a!J~fr!J~~~- m) -}f-~~ 

12 
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U?} YA~~-A.-lt (1Jd~Jij -t-•,fI.tiJ#itiJ¼i(G~~GI) D ,(I:.. ii ~A1Jd +, 

°iifi,A-fFii~--3-,t--A#i 220 .. 222 "ii.fit~~~ B#i 230 ~ 262 +tiJ 25 +~ 

~tiJ~••½D.(!.$~~A~+,"iif~~m~~tiJ~~~•.~~a 

"iif~*~~~·ffi·~¼A~+-¼D~-t---3-+-¼,ii~·ffi·"iif 
~*-,t--A#i~§~s+B#i~~1~, A**+A#i~§~30+B 

~~~1~D~$~~A~+, -~·ffi•"iif~»•$~~~~¼A 

j,+-¼D 
~-+~A1Jd +, °iif i,A{llil-~ I *~-ff-,fI.tiJ. ij (RT) ¼IGt.¼­

J!t- A .tt (QAC) ~-J!t- B #i (QBC) D 

RT 

0 

1 

2 

3 

4 

10 

11 

12 

13 

14 

15 

~I 
QAC 

0 

1 

2 

2 

2 

2 

2 

2 

1 

1 

1 

QBC 

0 

0 

0 

1 

2 

8 

9 

10 

12 

13 

14 

RT QAC QBC 

29 1 28 

30 1 29 

31 1 30 

32 1 31 

33 1 32 

34 1 33 

35 1 34 

36 1 35 

37 0 37 

38 0 38 

39 0 39 

40 0 40 

28 1 27 60 0 60 

~~,ff-,fI.tiJ·ij~kA~--~~(~-+~A~+~~~m 

~M+~)~,ii~~~~"iif~~~-~.ff-,fI.tiJ•ijo~~-f"~-~ 
ff.,fI.tiJ.ij,ji~--"iif~{llil-i~~I~~~~A#iAB.tto.(!. 

*~A~+, ~-f"~J!t-~~, ~~~~12+••~k~13+ •• , 

A*~36+••~k~37+••~, .(!.A#i~~ffalJ•~--*~ 

·~,(!.B#ii~ffD ~ii~-~A~,-~~---~----"iif~ 
~~o ~~,.(!.~~A~+,~•-"iif•Im~~~~. 

13 
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~i!:.fr.fI.Al§J ~,J,n-t, ~~~1¥Ji:tfI."iif1itL!!.o ~#~•$•JI:.. 

A~-*Jl:..~,~~-Ji"*"iif~fflT~~~*~~-$~-M.~B-i 
~ff~·~~A-i~ffo~+i:tf£"iifft~!!.-f"~~~~.fr-f£1¥JA 

1§1 M. 13 +•f£~,J,.ttl 12 +•'fl-, ~¾M. 37 +•f£~,J,.ttl 36 +•• 
R-to-b:.-+~A~~' "iif~~ffl~~~n-tB~~*~#~n-t~~~~ 
~L!!.-~:i±8.~••*~~!!.~•Jl:..t¥Jlt~~, ~"iif~~~~~ 
Jl:..~M9~--~•-~-~~--~~fffB-i, A~-#~n-t 
Ji] Ii]~ o 

~-+~A~~, ~~-~"iif~-~~#~-~1¥J-Ji"~~ffM.A 
-~B~l¥J~8. ~~-~1¥)--~·~~"iif~~-~--*M~~ 
•~t¥J~, "iifftt~t¥J~-L*:i±8~½~+-,1~~~~••• 
~fliJ•~~~~~-~~, ~a~m•-~~fliJX~~~. ~~-t¥J 
a a "iif .-:"A • -f" B 4-t t¥J a 1§1 • 

-h:.Ji-+~~1fd ~, ~ ii.t.~~"iif.tt-J!l~~#~~-~ f#J -Ji" i<AJt.ff M. A 

~.ttlB~~:i±8. •«:i±8"iif~~-~~~~L~ff~ff--~~~ 
"iif~~m~•~ff••~•«am,*•t¥J•«a•~~, **•• 
M. A ~:i±~l.ttl B ~ (4:-tM. B ~.ttl A~). ~#-@:i±~j"iif J.-~1t.ffl ~~ 
*~~~~~~-·•t¥J~ft--b:.-+~~~+, ~~-~-~~T 
sm«~"iif•~•~fliJ,~•~-r•~-~~~-~f#J. 

~~~-t¥J-+••-}j"~~-i1A4~~~~X~A~fto ~~S~ 
kfliJ~~X~n-t, ~~X~"iif~~~LfI.~,•~--~4-B,. 
&J€r -i--!.L "f S- (TLB) , ~ ~ ffi iN B, ~ Jt-~ "iif. fliJ •~flt% lilt-"iif J.-1' Jfl -f" ~ 
,J, -Jt ~ ~ ~ (-Jf- Ji;l J1:t ~ ,J, fit -I_-) • ~ 7 #J ~ -iJ1A 4 ~ J•J k +• ~tr , it "iif J,:'A 

~#k~, ·•i:t#J~~-Jl:..~ff·~,f-a,~~~"iif-~~­
%4ifQ1J!.~,~1it~it.ttl~,J,«fliJ•~ fit O ~J!.b~~~ ~ ~#/;J i!.J}l •ht~ 

-0 

~~a~~••t¥J-+~~~"iif~rai~.~f~t¥J••* 
ff, "iif~~tr~•~~,-b:.~+~i~ffl"iifffl~"iif·~-~-~--
4l:¼ (1fd-l<PrJr;tf° Ait J. ii•~fit ~4) i,~ff-.ttl El*~#-1.-•~ito ~-f" ~ ~ 
••*tr, "iif~~ff*J.~,~~+ai~mL~t¥J"iif•~•%•~ 
4-f.ttl il-Jtt~~lf.±. ••r!. fit 0 

~ ,J, ~ J•J X --t ~. Jl:..~ff-. it~ :4l*~ * /:J ~ ,J, .fj-*.fll~ ftkL ~ 

14 



200580032835.4 

~~. ~Jr,, :iP. ~ it .4',-*itJ!.,J, ff?~, J~ .x, )¼.jp ~.k,fl.Jt.~* ,J,-Jt 
*~~.~•~mff?~rr~*"iif~•n~*'~~~ff?~m~~a~ 
~,ft,, ~ ~ ~ii{J;~nz#Jff?~*ik:~t1*•ff?~•*Jt.{J;*f-#J,~ D 

ii.~~•.kff?~ff-~m&ff?~~~IOO*~~"iif~~§~+"iif 
i&ff?•ti.fit%4*f,fJ rA~~~&#&;I.J,J,ff?~ ff~& (ic..'1£, ~~Jk.~fi~ 

•~m¾~l, •~"iif~~~••a+&tff?"iif&*~-•~"iif~t~ 
•*f,fJff?~m&~~*ff?T¼~, iiT¼~"iiJ"fta~-Jt*~~ff?* 
j,'. ~:i.fit (2), ♦•-tl♦fi~t.kt? ~-Jt* %~ff?4t½Jl.Lt;t. . 

.kt?~~ff?~·;/,J,~~~lt~~, §~50%ff?-Jt*~~"iif~~ 
*m,~a♦•ff♦&tff?*~;/,JlxL2x.~-~~~~~, ~T 
~*n~~~,~m~:iP#J~••A~f~~•Aff?~~~~~~~ 
Jlhf-*j,"♦*ffl♦n!i~ff?fitt 0 

-~~~00 3, ~~T-•-+~~~~~•"iif-~-~-~I 
ff?-f.iff?~JJfB{JI.J~-1;,tf.OO~. 00 3 ~JJf&"iif~~ll!l+~, flp~ 1 320 .. 
~ 2 37 O .. ~ 3 38 0 ~~ 4 390. ~~~~~1Jd 'f, -;ifJ-A11!.JfJ tt.~+~ 
j!__~i&.J!.j,"ff?~. ~ 1 320 _a_~~~"iifl&ff?•hlfit%4. -OOJl.,fl.ff A 334 
,if ~½~tl "iif l&-00.J.t.it;f B 336, ii"iif l&-00.J.t.itff B 3 36 ~&ii.~"iif i,,A 

-iJl ~ •ti. n~ . ;JJc.rr 1t-Jt 1 3 4 o "iif .. A~½ ~tl "iif 1& -tJt.rr 1t-it 2 L 4 3 4 2 .. 3 4 4 .. 

346, ~~"iifl&.fJt.rr.!f-it~*ia~°iifvA~~•ti.fi~. *9.1. (LO) ~~~,.(j- A 

322 °ii[J.-A,M½~tl LO ~~~-ff- B 324, ii LO ~~~-ff- B 324 *ii.~"iifvA 

~~•ti.fi~. TLB A 326 °ii[vA·¼~tl TLB B 328, i~ TLB B 328 ~ii.~ 
°ii[vA~~•M-. fit. ~-i4Fff'~rf & (ROB) 338 "iif J!-~"iif ~- ij ff? • .$, ~~ 

"iif~¼~*m~~~~ff~rr.•~, ~~,ft!!,•••33o¼~6?ffi~ 
••332~•i~~"iif~~rrffi~~--~•~~~~'f, "iif~•m 
.,ft!!, Pf - ,)i-_ fit ~- D 

;; ~At«J.k.: 31 o "iif -n-;x.JfJ f-lft.•1t .~-Jf-Ili ~-tJt.rrtt14$ff ~ 4~ ff? 
-Jf-.ft 4t. ½ 0 ;; it.L#tik: 31 0 Pf YA ~ ~¼Ill 1 ~ 2 Jt}f ~;; it.L,t-lik:~ -f tA O • 

~1iit.L-t-lik:310I1t~$ff'f-Jf-.ftff?4t.t~, ii1Iit.L•Jk."iif~~1t½• 
312 .. 314 .. 316 .. ~ 31s -tlt°i1'~ 320 .. 310 .. Jso .. ~ 390 a~i ~.il r 
~ {r-J"iifl&•li"- ti~~-- ij O ~-+~~11~ ~, ft½. 312 .. 314 .. 316 .. 

~ 318 ~ -;if J.-A m f-aii.~ * J;fJ ~ 3 2 0.. 3 7 0.. 3 8 0.. ~ 3 9 0. ~ -+ ~ ~ 
~~,.jp·~·ff?-Jf-.ft4tt4~~-•tff?«.kf-~«, ~iiiiit.t« 
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~"iifii.i:t~,J,-tj:-+#i r.tJ ;it.4ii.~Pfit.,Jf.1it %.$/iJ~L:k.4t. 1§1 ~i!..ite#i 
L~.ft~~--, •~-~~~.ftL:k.4t.l§J~--o~-*~~#i"iif 
~---~~#L:k.4t.l§J~---A~~,~•~-~*ffa½•f 
-~-•~-:k.f~-, -~~-~"iifii.~~•*~#ir.tl~&ii.~"iif 
it.~ft%4/iJ~L~4t.l§J~~.ite#ii~.ft~~--, •~-~~~ff 
L~al§J~--0~---~#i"iif~;it.*~' ~~~¼#~~.ite#i~ 
~#L~--a 1§1 ~-$.. 

~is.-i,l th ~;flr~ i(. ~- ,JJJ.ft♦J YA~ ,J,. f*-il.ffi ,JJJ.ffi♦-ffd~--il 

ffi•¼~.z~~.ffi♦~*•~ft½. ~•~ft½~T-~L~~--
1:l.ffi•.ffl♦~~~-~f•-il.ffi•ff♦~M*"iif~;it.A¾,.~ftt 

~~~•- ii.i:l*~~~~T-+~•-•c~~)ff♦, •~Pf~# 
~iitit-1:-. 

f•n.tt~-;flr•~·-·••T-+A§+•I~L¼~ffi• 
/iJ"iifft~M¾~ff♦~~~o~tfflffi~~~~-+~A~t, ~n 
•§~m&"iif~T~1~-~T-~•-*ff,tffl~kat~•­
~ff~-~, ~~~~ff~#t~ft-~T~~-•*ff,~~+~ 
i 1Jt.m ~ ,J, at~•~~ ~ffit § #i , YA ff-½tl ~ * ~ ~ir.:1:. t ,Ji. tit 0 

JZ i-"iif ~~~~~~-~~~-$1J.zfa1Pffit4~~~ x.1l:, ~ ~~,J, 

-ift]}t_,fI.jf :f'p~.i4Flf ~rf 2-A o ~- 1§1 i£~ ,J, T Pf Y~ -~~~-ti♦~ a 
1§1 o 1'd ~ ~ it.~4, TLB :f'p¼ ~ ffi $J!l] B ~ ~~~-& 1f-~ ~ J{_ i-~"iif fit 
~•~

11at~JJ~;r;::½~~ :k.. 
~~~~~4, ffethT~•~L~-+~A~~B~•"iifit.~ffi 

•~•~I~#i~~m&~ffe•~~ffe. ~4~m&"iifB~~+#i, 
f:!p#i 1 42 o ... u 2 41 o ... u 3 48 o :f'p#i 4 49 o. ~Jt:.~ ~A-1fd 1f, Pf.,~ 
1t.m ~~ ll!l+#iL§ AL~' ~#i. ~ 1 42 o .£-iF~#"iif it.~-ffi~~ ~-­
ffi.f¼~k§.. 430 "iiffflTffi$J-t¼~ff♦. ¼3tffi$J& 434 "iiflflT3t#•..4 
¼~~--~ff-~*~~A~t, Jt:.~ffi-B436"iif~~~--­
&A~-~i<.~ffi•&~~#~~~A~ffi-~ff-~~-~A~ 
t,"iif~tm~~~"iif•~•~~•-

~)/.L•~ 410 1if-1i-Jk.JflTJlt..1t,~*•>t.~.ft~*•Jf-t4~~ 
-Jf-.ftat. ~)/.L:f:l~ 41 o • ~ !:; M½~ 1 ... 2 ~ 3 rJr~ ~ ~:f:l~;ttH~~ 
1~.-/j:-;k_~~-~410•>t.•Jf-t-Jf-ff~-·~, ii~~-~"iif-
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i±-tt½• 412 .. 414 .. 416 .. ;fl2 418 -iliF~ 420, 470, 480, ~ 490 a. 
?i: .J:. I@, Ar I@, fr? Pf l& ffi j!lJ I@, 4 fr? a 1§1 0 ./£-+~A 1Jd 1f , ~ ½. 412 ' 
414, 416, ~ 418 ~iifi,;(Jfl-f-4il.A*l;fJ~ 420 ... 470, 480, ~ 4900 

.t£-+~A~117,~*~•~¾~4t½~:i:t~·•·~~k-r~~, 
J1J ~ii )it{llk:"iiJ""il.:i:t~,J,_.+~ "'1 ~4il.lr?"iiJ""l&-ffi~l tf!,.J3.ifri./£Lk4t. 
ijfr?~~~.J:.~~~~--, •~-?i:~~~~k-mlr?••-~­
*l;fJfr?~"iiJ""~-•-~~#L:k.•mlr?••o ~~~,~•~•fr?* 
ff•½•-r~~-½lr?«:k.-r~«, ~ii~-~"iij""-~~·*~~Jl-1 
~4il.lr?"iiJ""~ffi-tf!,.J3.i1rJ./£L~4tmlr?~~~.J:.~~~~--, •~ 
~?i:~~~L~aij~--o~#&il.~*~~"iiJ""~•*l;fJ, ~~~ 
¼~~~~~~~#L~4tij~••· 

~-r~½OOL 2, 3~4.J:.a~~~~~, ii~~ik:P.f~~ii§ 
~•afr?i~~~~~x~•~#-1£~~~•-ffi~~.il.:i.:t~•~~ 
~lr?ffi♦lr?~AAL~~~~•*ff♦ft½A½, ii~«~~*"iiJ""• 
~~- (3) D ~PI-r:i:t-!h1'-lr?•ft7Fj, ./£it§ ~~1Jd 1f ii)it«J:R:Pf i,;(*Jp(. 
T~~~~lr?-+Al+=••tl!,&~M•<~-r~llr?~&~M·M 
it.fr?•rt7FJ), *••~:k.~it.ll~tl ,J-~ C.>tt-r fll 2 lr?~F.>tt*~lr?ft~), 
~ ,J, Pf~ ·l:i.1il % 4 fr? % ~ C.>tt-r ~ 3 fr? J{_ ~ 1if ~ fr? .ii fr? ft7FJ) , A¼~ 
,J, ffi g@~ a½ c.>tt-r oo 4 <r? ffi ~tl S:-$iJ <r? •lt7FJ) . 

./£~#ff-7FJ~,~*•~"iiJ""*~•&«~:k.lr?~#lr?~X•§~ 
m&,~f~-~~-~~ft, ~•-r**~~~*~~~~L§• 
•~«*•~--~~L~, ~«A*lr?*~½~:k.-*Jfl~#~*' 
~l§l·fr?~Jfl~--j~--~-«~~~~**"iij""~-~~~ifr,~ 
',f;-iflj ~ a 

~./£~~005, iF~T~-~~~-+~A~~~~~lr?~~­
i,;( 2l. ii )it«lk: ~ M ii ~ iF-1; •~ II) 1F . M + ~ m 3-ft 1 ..f.. M 5 0 2 ..f.. 5 0 8 

-1£§+~A~1fiif~kiif*%&~M·£I~001~.ft,~m~•~ 
~ ~ ~ 1-t ~ 00 2 ~ :k.~ ;fl2 1J, .ffi: .. "iiJ"" • Pf~ ,J:i. fit ~ 4 iie I fr? 00 3 fr? .ii ,. 
"iiJ""•P.f~-ffi-~4£I~004~~ .. A¼-¼A~~~~4~lr?~lr? 
~½o./£~~~A~1f~P.f~~Jfl~~~~~~-

Jlt « & 1 ..f.. M 512 ..f.. s 1 s "iiJ"" 1r;( Jit«~n * ~ ~ • JJh ~ma-~ 411? -
+A§+A~ . ./£-~~A~1f,~~A~P.f~~~~k~./£~~A 

17 
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**~'•+~#~-~~~ff♦~-~-ij,~~#~~-~~~ 
#J~~~~~~,-T~~~~-~~*~~--~#~~-~~~ 
#Jlr?~~~~lr?, ~~~~-%~~•1t.<A¼f~•1t.L -T~~ 
lr?~•&~*lr?~••lr?~a&"iif~~~~~m~~•4~¼4•• 
♦J &lr? %4o "iiffJ.ii.i±%iAtAt~&% at~~- (A/D) #&S-~J-I"iiB % 
~it.. "iif JtJ. ii. i± ~--=-• f ~ A/ D # & • ~~ :f:-jj" •Jt... -3--+ Jlt~- 1 ..f.. M 

512 ..f.. 518 lr?*tl:: °iifJrA~P}f;(f° ~·~~~¼~~£•1t~Jlt211J1t.o 
#&½~·~i!.fJF. 530 "iif JJ..Jlt~& 1 .f_ M 512 ..f.. 518 ~JJt.-+A 

~+Jlt•·o~-3--~~A~~,Jlt--~~#&A~~~-·o~­
~N,(AL*~~1j-~ii£.tfA¼*~~ ~A-fJd ~, ii.i±;Jf-~iil..tf CA¼*~) 
;JJ{~*JrA ~ ~~ -f"iil.tf (~¼*~) ;Jk~ ~-+~*~fr lr? i~-f:-ir?.if-J4J 
A~, iiI•1A"iif~#&A~~ .. •$°iif~~~-•~lr?~;ff°~lr?~ 
~-~~~-~••«L*•+~*~-~~~ff♦~-~Aijlr?~ 
A~+,•tl*n+aij•~•+~*•*n+••lr?ft-t:-lr?.if-J4JA 
-1:-, iiA•1Aiif~#•A~-o -~~~*~•-~lr?~;ff°~~~~ 
-~~~-~Jlt-1AL*~~#~~-&~;r,.~~~lr?a¼~~lr?~ 
A~+<a¼~*~~Afi+,L*~T~~lr?~-&~~~~•Blr? 
#~~ ts~f)t~:r,. ~~#J£¼~ ~ lr?), ii.tl*jj:~#J ca*~~)*~* 
~~~-f"~#JCA¼~~);Jk~~•+~*•l'lr?ft-l:"~.if-J4JA-I:-, ii 
•••~~#•A~• .. •$°iif~*-3--+~+lr?~~&~1~••~ 
lr?~~~~~~*~~~ .. ~~~~~-~~~~~'·*~"iif~~ 
~-*~~-~-3--+~~~A~+,ii.tl-~L~-f"~*·•~-% 
A.if-~~*~lr?1A~#*%A~-·~4~3~lr?&~o 

~I-1AL*-3--+~~-%~~~A~+,ii.i±*B%~-~­
%A, iiJlt~J,fA°iifi,A#•JN.~-. 

~Jlt~1AL*~Af~~Jt.lr?~~~+, ~5~%4"iif~ffl-f"~ 
#~~-~~~A¼f~•L, ~~~~#~~-~~~- .. 

-it Jf-A 1A ~ i!.~ 5 3 4 "iif m -f"-it Jf-#•..f.. ~. ~ i!.44 s 3 o lr? tt-• ~ 
~ (A¼f ~5.&Jt.) *ti:: ~.JfJJ~ lr?Jjj~.-fA <A¼M~~f ~5.&lt.-1!.) ~,aJ 

lr?A1A.iiI1A"iif~ffl~"•A"A1Ao 
~¼i!.fJF. 5 38 1if ~-+~~1Jd + ill1Jt- ~ tiJ-it Jf-A¾~i!.44 534 1Jt­

~~-~a1A•~ M lr?~¼AL~lr?~¼A-1A. ~-+~~~ ~, "iif 

18 
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~~m~••#~•~¼,~+"iif~~m•*•~*4•~A•~• 
&. -~•-~i~~T~"iif~-~~-~-tl::o~-+~A~+, 
-~•&•ili"iif~~~~~fr?;-~a,~•2L6+4a~~2L 
16 +,J,ft~o "iif i,~~_. ~•&tr?A~~it_,s:, J!.°iifi,A;ff )f1~~!Jl,1t.* 
ti:: ~~-•If.fr? •It tit o ~Jtl ~¾:i!.#- 5 3 8 "iif J<'A. ~ •If...&.. ,ffl-~ ~ 5 5 0 .M.. ifi7 

Jflt.,tu-J-1a1 :M-•~.£•1t.~,J,.Jtl*- ~ ~.£•-1.t~ ~_..u-J-, 1t.m •,f,R¾ 
:i!.#-538~-~~fl~, i!.~~~~~at*MM~~tr?-at~-"iifft 
~!l_j!*~1-t. 

,,(f.~~~A-!Jd +, ~¾:i!.44 538 °iifJ-Aiti!._ff.f(..,A-ff-.Jtl~-iJ:-i.l:.£ 
A{tA~fi~A1t., ~~.£a1t.~•Lati!.~~~~-.t!.»~~~~ 
+, •:i!.•"iif~~~~~~¼a{t~atM•¼~~fi~a{t, A¼~ 
~ Li£.4t1A~~Jtb~•lttt½. 

;ft#:i!.ff 544 °iifl-A}tl-f"*Jtb ~~-!JL ~ ti ,f,R¾i!.44 538 ~~¾a 
1A"iif~--~+u-J-*~M~a~, ~~-~¾4t1A~-~"iifft~*T 
005:i!."'4~-LL!l..•~~~~- *~~~R~"iif~~•+~*~M 
a~~~~~~-~~~-~A~.i!.#lt~T"iifft~S*#-~~ 
~~~R~+, ~*¾l!.44538~•tl::3~#~Aat,~fl~«m* 
#.-A ·~~,J, •~+fft4f~~ ~--- ■ 

.-(f.-+~~1Jd +, l!l ~*#ii.~ "iifi,~Jfl-f-*#:i!.~~ 544 . .fij: 00 ~ 
4tij N+at#~M;ft#-~~A1i..i!."iif~~~--1A~~~~•N 
+at#~--~~- -~,i!.#R~~*~•.t!.M-t-N+at#~M~ 
at~a~-~--,A~~N+at*~•~atMa~~~¾-~~­
-ii.~ "iif YA :ql ~~.I..fi=. 

,,ff.Ji ,t- ~~"'~ +, ~ .Jfr~~ "iif YA m T *ff-i!."'4 s44 . .R~ ~•A 
~#ttl:t4t{l;il.i:tliJ1A Tat, *#:i!."'4 544 tr?*tl:: ~ a~. ~ ¾{t;t!.i:t T 
at,.tl::M.:{tit.Att{t•f(., ~~•t1::tt1t."iif•#~~-

,t.J--f-1t.Jfl •lf...&..-tt-~ J3. s so tr? ~~-!JL "iif 1-A-'ft.m a•1 l!.44 s4 s. .tI. 
-+~~~+,~•~~i:ta~•~a~••"iif~a~~-tr?OOttr? 
~Afi,a~:i!.-548"iif~ff~a~A~M·tr?~~-,,(f.i!_Jtt~~fi 
+,a•ft•, ~•~atr?~~"iif•~•~~*tr?at~, fi•100~ 
~ . .-(f.-+~~~+,~A:i!.~~"iif~Jtl-f"~~~-~A~M•-~ 
II ~ti:: T Jfl-f"~#a♦J{t (CV) ~4t{tfr?i!.#~Al!.44Yttr?-+~1Jd. 
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..... II 

CV it# :M1'- (GHz) 

0 1. 4 4 

1 1. 4 4 

2 1. 4 4 

3 1. 2 3. 3 
4 1. 1 2. 9 

5 1. 0 2. 5 
6 1. 0 2. 5 

7 0. 9 2. 2 

tf_ -+ ~ ~ 1fd ,:f7 , 1fd 'jlP. f£ "iiJ"" .-A ¼ ffG ~tl k~ ~ ,J, ~ lr? 00 2 lr? ~ A 
fi, ~-~~948~~--•¼&~~*-•*T**~-~lr?a• 
~~~8••· ••~8~-~~~m~*"~~"*••~-•~ 
"~•"*mB~lr?AA~~~---•~8~-~"iiJ""~#-~lr?L 
m~~~~lr?+~,1•*~~*~lr?-~~A~~~~, ~~~~ 
*m•~~~lr?x~~•-~*•~lr?~~*m&lr?aW"iiJ""~•T~ 
1f.~-f-tlr? ,J,~lr?ft W . ~ ~4-ffiJt.~itat, k~~.,A •1t,J,~. 1f._-

+~~~ ~, ffl~BJt.~~~~-~ftlr?k~tffl~AA~~~~~ 
~ III. 

..... III 

CV 
0 2 

1 1 
2 0 

it.£ :iJtA-f T -+ 1Cj 1-t. ~ 111:i~ , flp , ~ k~ .x, >¼ 1Jt.ffl a-j- , • ,f£. 1if .-A 1f. ,J .. 
~ J:. ~ .f-j- a 

~-+~A~,:f7,~~--"iiJ""~¼~~~·~lif~~~£~ir?~ 
tr? ril 3 tr? ~~-w~, a♦J:i!.~ s4s "iij"".-A~th ~£~~~ t~•JL~a½A 
*S½ir?•••-1f.~£~s•~~~~-•~Aam~A*••• 
~-~~-~lr?-~~~~+,fflT~~~~~~M~~"iiJ""~~10• 
~."iiJ""~tfflAA~~~B~~~-~-~-lr?~~-•~~~m. 
1f.-+~~~~, ffl~B~~~---~-lr?~ft·iL~ffl~...,_A~ 
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-tl Yt TF T ~ IV, Jt. 1f ii .w ti~ Jl-7L "iif ),A :J!. ~ iii {riJ .tJtAt JI-7L o 

~ IV 
CV =!JtA-t ... 7L 

0 4 

1 4 

2 4 

3 2 

4 2 

5 1 

6 1 

7 1 

8 1 

$--+ ~~11d 117, ~~-«"iif~¼~~Jt.B•a½"iif~~~~friJ 
~~ 00 4 ~~1JL .-&-$'Ji!.~ 548 "iif J,A~tl: ?t.~~ iii ~-itfriJB~itt~friJ 
.-&M•-~~•m~~i!.~&B•~~~M•~-~~iliffi~-~~ 
•mo~-+~~~+,mT~4~~.-&M•~-~ffi-A½friJ~A 
i!.~~TFT.V,~+B•~a½"iif~•~+~*B•ff♦~~ffi-.tJt. 
ff-~i-4'--fr-Jtt f§1 ~m D 

CV 

0 

1 

2 

3 

4 

5 

6 

~v 

128 

128 

128 

85 

64 
51 

42 

7 36 

8 32 

~*§~A~,p, ~--~"iif~~~§+i~-~o~~,~­
-~~·~-~-ff~A~··•A~«,A~J!-~"iif~4a½~B 
~J .tJt..ff-. ~ -+ ~ ~1fd 1f , 00 2 {riJ .k. {riJ A -l.i ~ ,J, {riJ B « ~ "iif ),A J!-~ j(P 
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~1~ffe~~A~••~~D~f-+~A~, ~a~••"iif~~~, 
~ .k fr-J A .fjJ!j~ I .@t~.ft-f" ~ ~ A mi ,J, ~ B ~~I a~.ft-f" 11t ~ A o ./£ 
Ji 7r ~A1Jd If, .k~ A ~~,J, a? B ~~fa] a? %Bi~jjf ·1}1~1e, ml "iifJ,A 
~~o ~7~,h.k{rl.J A ~~,J,(rl.J B ~~fa]fr-Jrf:~, ~~"iif.,AM..k{rl.J A 
:f.i:rf::8Jtl,J,(rl.J B :f.i:, t1Q,J,(rl.J B ~Jjl~~.ftf~{r-J%1.£.~jjf·o -.!L.k 

~A:f.i:~~ff,MB:f.i:fr-J~A~M•~~-~•~o 
~7('-, Pff~1J!.Jfl~~J!.~~~~~¾~Jtl.kfrl.J A ~~,J,(rl.J B ~, 

*~-~¼~~fr-J%A~M.o.t!.-+~A~ip, Jflf~~~~-~ 
a~.ff-i!.~-i;l~{r-J~~J!..f4-J:-k:ffe-f" ~ VI o 

~ VI 

CV .k~frl.Jtt-:1- %A jjf • 

0 2 1. 4 4 

1 2 1. 4 4 

2 1 1. 4 4 

3 1 1. 4 4 

4 0 1. 4 4 

5 0 1. 2 3. 3 

6 0 1. 1 2. 9 
7 0 1. 0 2. 5 

8 0 1. 0 2. 5 

9 0 0. 9 2. 2 

;fi"~1JJ~.(!.,Ji.L-ttW14 550 m-ilt-.#4#t~>t.~Jtjj., Jt. + ./£ ii~~J!. 
$f-~ "'1 Ji.i:t1J!.~~fr-JI/J.M:..$.. ~ .k_,J,;tff1tAPJ° .,A ~~i!.-li o 

./£ ~ ~ ~ A iJd ip , •titL-tt W1 4 5 6 o Pf .,A ~ 7t 1u it¼ a? •Ji.a. ,ffl-Wl .$ 

5 5 O it ¼1Jt.Jfl o ./£ -+ ~ ~ 1Jd 't' , Pf .,A 1t.Jfl a-t ,tt ,S- )At. 5 4 O, f!p 1J!. a-t ,tt-;S" 
iAt~½~~-fj-.--tt4--fi~-:l-ti-:I- o ~ ~"ilt~a?-+~_j +•ti.L,t1-W4 55 O 
it ¼1J!. )fl a-t , 1!. Jfl a-j-,t,fr ,S- )At. 5 4 0 }t ;fj" f•J a? 0 

~~~•ft,Jt r, •tk:L.W14 560 °iifJ,A~hir 7 ,ujf-~JfJJ.,A J!;t Jl:.i:tI/J 

•tt~, A•A•~~~~L-W4550;fi"a-tM~*~J1i..a-t*•#~ 
M:..o,1±.~~A~L,tt-W14960fr-J~A~ip, ~ma~Jt.~.£~~~ 
s•i.t:-itat~~~m#•a-t1iJ ~·tf.L-tt-w• s50 a?~Pia-ttil-ff-*frl.J 
~~•tt~o ~~•~L-W1$560a-t, ~~•tt~#Mn-tM~** 
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T •tic.Ji. -ti~ 4 5 6 0 f/.J ,fiJ El Q-J- Ji] , ik ,fiJ El Q-J- Ji] f/.J ~ Ill ~ 1 0 M :f)' D 

n-J-~;;5.tt s4o °iiJ""fA n~~n-J-~.fi.ii.~* pfj#~f/.J t aJiJ.JlJJ, 1l!.m 
~#·A•f/.J~~534+#•~~fl-J•A•-~~~-AD~-+~ 
·f/.J~A~+, ~-¼--~~~~~-~, ~~"iiJ""~~~#~aij 
f/.J}ij.Jl}jo~##-~~+~~%}.Jl}j-~~*%¼~-~o°iiJ""~~~#~ 
a ij f/.J%1 .Jl)JJ-:'A~~·FJ..·]~4~-r.JIJJ~~· (~Jt,it•lf.li..,ti-~4 550~ 
th JJ{,;J,El), {!t)l~ :k. -r:il.:k.~lfio 

~Ji tr ~A1f1J +, n-J-4t;;5At sso °iiJ""J-:'A ~;Ji. -t-Tb-it #-A•f/.J~~ 535 

~~f/.JA¼tt.•f/.J :k_,J, (1f~~~J£1!- ij ltf/.J~~~•~t~• ~-~ ~ 
~)~~~~iAJiJ.JlJJo~-+~A~+, iA%1.JIJJ~A¼A•~M* 
~ ~.4l VI I P}f,F D 

.4l VI I 
A¼a• ta%1.JlJJ A¼a• ta%1.JfJJ 
-2 100% 7 100% 

-1 100% 8 94 % 

0 100 % 9 88 % 

1 100% 10 81 % 

2 100% 11 15 % 

3 100 % 12 69 % 

4 100% 13 63 % 

5 100% 14 56% 

6 100% 15 50% 

-~•~oo 6, 1F~T•a*L~-+~A~f/.J~~~~M~~ 
.If/.Jit.$00 D ~JJr-,f-~f-Jk 610, ~~~~~#~#!\$¼ffitJtl"iiJ"" Jfl f/.J 

~o~-+~A~+,ft,t1.f/.Jaij•-~,A~+ft,t1.¼~~-+~o 
~~~~~~+, ~#-~"iiJ""~Tb~#~~-~~~%~o~~~~ 
A~+, ~#-~"iiJ""~*~*~~'~*Tb~#~~#f/.Jm¼%~D 
~Jk: 614, Jlt~J-i--+~~ ¥.f/.J~ .. -~, *-it .n-,Jt)J!1) f/.J ~¥,~.Jf}j~ f/.J ~ 

¥.~Mf/.JAAa•o~~#~~~+,"iiJ""~~M~½005La#¾f/.J 
~-l;Jlt~J-it.~D 4:-l ~Jk: 618 +, Jk: 614 ll?AAtt.• "iiJ""~9J~¾~* 
#~~~-~~¼-~,~~¼005~L~ao~~~~~~+,Jk 
618 )l "iiJ"":i&f/.J D ~ 618 fl-J*th °iij""J-:'A~~•1•, ~~-$i]1B..-#11-$i]~ffitI.JI.Jtl 
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••¾ad./!.-~M•R-4~~£*.J:.Jt.~-~a~&~•~~­
•-ron-J-;;d-a~o 

.(f.;Jt5t..J.k.: 622, 45t..•~,aJ R 1r?•£a1tJl~Jt.1-::1.•~a~~ ~ 
~Io ~*¼d~~:k., Jl•J-~Jl!.,(£.;Jt~Jk: 622 ~$){} "~" (NO) J3. 
~~_a_-~m-.- .i..o tA rtt1, ~* ii¾dJt.~ :k., '11 ii~m,f£.;Jt5t..Jk: 622 

~/€;){} "Jl" (YES) 4~o 
.(f.Jk 626, "iiJ""1-::J.lEl•i~.tt:iMda?A: %A,f'7M.o ,(£-+~A1Jd +, 

"iiJ""~~•II~~#~.tt:~-~~%A,f'7M.o,(£-.-t,-~A~+,~# 
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Box No. I Basis of this opinion 

With to the lanj!uage. this op1111on has been established on the basis of 

1he international application m the language in which it was tiled 

!11termll10nal appheallon No. 

PCT /U S2012/0682 7 4 

a translation of the international application into ______________ , which is the language of a 
translation fnmished for the purposes of international search (Rules 12.3(a) and 23. l(b)J 

This op1rnon has been established tak111g into account the rectificutiun of an obvious mistake authonLcd bv or notitied 
to 1.his Authoritv under Rule 91 (Rule 43his. Ha)) 

J With regard to any nucleotide ,md/or umino acid se<1uence disclosed in the international application. this opinion has been 
cst11bl1shed on the basrn of: 

filed or furnished 

in electronic form 

b. time of filing or tbmish111g 

contained in the international application tiled. 

0 fiktl together with the international application in electronic form. 

furnished subsequently to this A utbority for the purposes of search . 

. 4. 0 In addition. in the case that more than one version or copv of a sequence listing has been tiled or furnished, the reqmred 

statements that the information in the subsequent or additioanl copies is identical to that in the application as liled or does 

not go beyond the application as tiled, as appropriate. were furnished. 

5. Additional comments: 

Form PCT ISA, 237 (Box No. IX July 2011) 



WRITTEN OPINION 01<' THE 
INTERNATIONAL SEARCHING AUTHORITY 

lntemat!onal application No. 

PCT/US2012/068274 

Box No. V Reasoned statement nnder Rule 43bis.l(a)(i) with regan! to novelty, inventive step or industrial applicability; 
dtatinns and explanations supporting such statement 

I Statement 

Noveltv ,NJ Claims 

Claims 

Inventive ;t.:p (!S) Claims 

Claims 

Industrial applicabilitv (IA) Claims 

Claims 

1·19 

NONE 

YES 

NO 

NONE 

1-19 

_______________________ YES 

_______________________ NO 

l-19 

NONE 

YES 

NO 

2 Citations and C'<planations • 

I-:dcrcncc is made t,) the follo'liing documents: 

DI: l'S 201iH>08JOll .\l (UlllC!ll \L . .\S,\Fl\H et al.l Ol ,\1Jril 2Dlfi 
D2: l S 7!!'.)20:::0 Bl ('JTAN Tm c't :ii. l 02 ,\ui,:ust 2011 
DJ: 1··~ 20HJ-OIJ581J8G .\1 ( LEE 1VAN \ EON l U 1 March 2010 
D+. 1:s ~'.006-<J282iilJ2 \ l ( 1)11 .J ·\NG r;r,:[N l J.f l)('CP1Tib,•r :~()(Jfi 

.\. \ovcl ty and Invent i,·e Step 

1. Claims 1-5 

Claim 1 of the present invention relates to a multi-core processor. Dl(sec paragraphs f0092l-f0096]. 

claims 1.2 and figure 2.17. 18). which is the closest prior art to the subject matter of claim 1. 
discloses an information processing device, comprising: prncessor c:orcs: on-chip-memory: and a bus 

commonly connected thc•rc·to. 

When comparing claim 1 of the present inwntion with D1. claim 1 is different in at least one of the 

cores that consume I ess power. However, D2( sec cl aim 1) di sdoscs a packaged mu! ti-die integrated 

,:ircuil, including: a first integrated circuit di<! h,is a rate of power consumption that is lower lhan 

;i second integrated die. 

Accordingly, it would be obvious LO a person skilled in the art to apply the features of D2 Lo the 

information processing dc\·ice of Dl. Therefore, claim l is considered to be novel under PCT r\rticle 

:l3( 2 l but not to invol vc an invent i vc step under PCT Art i cl c :l3(3 l. 

Claims 2-4 arc dependent on claim L The additional features of claims 2-4 arc identical to an 

oscillator PLLH of the clock with high amplitude ;incl high frequency CLKH and oscillator PLLL of the 

clock with low amplitude and low frequency CLKL which arc individually mounted of DHsec paragraph 

[00921). Therefore. claims 2-4 are considered to be novel under PCT Article 3~1(2) but not to involve 

an imcntivc step under PCT Article :.13(3). 

Claim 5 is dependent on claim 1. The additional features of claim 5 arc identical to the bus of 

DHscc claim ll. Therefore. claim 5 arc considered to be novel under PCT Article 33(2) but not to 

involve an inventive step under PCT i\rticle 33(3). 

<Continued on Supplemental Box> 
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Box 1'io. VIII C!'rtain obst'rrntions on the international applkation 

International application No 

PCT/US2012/068274 

The follov, mg on the dantv oftbe claims. dcscnplio11. and drawings or on the question ,,hether the dmms 
supported bv the desert pt ion. 

fullv 

9.lb worded 'said second drop' J lowcn:r. 'second drop' has not been \\ordcd in the previous. these claims do not meet 
the rcqrnrcmcnt of PCT 1,. 

The rntcrnatronal report and the written opinion has been established on the assumptmn that 'second drop' 1s worded m the 

Form PCT/ISA:237 (Box No. VIII) (July 20! I) 
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Supplemental Box 

In case the space in any of the pr<'ceding b.1x<'s is not sufficient. 
Continuation of· 

<Eox V> 

lntcnmt1onal applicat1011 No 

PCT/US2012/068274 

Claim Ii of the present invr•ntion rpl:1tes to a mPthcxl [)]is,,,. par:igraphs [009:2]-lllrn)cil. ,·l:iims 1,2 ·md 

fi,:-ure :2.17,'.P.), 11,hich :s ,ht' closi·st prior :1rt lu the subjPcl m:1lln uf claim 1, dhclusc·s :m 

information procc·ssing devict>. comprising, processor cotes; on-chip-"memory. :ind a bus commc}nly 

cc•nnc·..:tc'd tl1C'rl'IO. 

\\hen c·omp:iring claim Ii of thl' presf'nt inw·ntion with DJ. ,·!aim ri is diffprent i.n a first ,·on' hc•ini;: 

higher pc,rformance and consuming '!lore power lh:m a Sl'Cc,ncl corr•. Howt-vc·r. D:2(s<'f' claim lJ disclos,·s 'l 

1mck;1,wd multi-die· inL<·gral<'d circuit, in~lu1:ing: a first inL,•gralt'd cir,·uil die· h:,s :, r:ite of power 

consL:mption that ia lower ,han a seccJnd int('grated di1·. 

,iccordingly, i l wodd Ile ulJvious to a 1wrsun ski i lc·r! in lhe :1rt lo apply the f<·:iturvs ()f D2 lo the 

information processing devic,· of Dl. Then·fore. claim Ii is considerl'd to be novc·l under PCT Article 

:l:3(2) kit not to inYolve an inn·ntiw step under PCT .\rtidc :i:l(:Jl. 

Claims 7,c; MC' dept·ndent on claim !i, The :idditiomil features of claims 7 .. ,3 are identical lo 

shutdown/adjust s,·qucncc and turn off/adjust rc·gulator \·oltagcs for FPGA of D:2'.scc figure 5). 

Th(·rdore. c:lnims 7 .. u an· consiriered to be novc-l unrkr PCT Article :l:3(2) but not to im,o:ve an 

inventive ,;tcp under !'CT 1\rticlc :l:!Cll. 

Claim 10 is ck•pendent on c I aim fi, The additional f c·at ures of claim 10 are iclent i cal lo an osc i 11 a tor 

PUJl of the clock with high ampl i Lucie and high frequ,·ncy CUZH ,ind osci I iator PLLL of the clock wi Lh 

low amplitude and low frequency CLKL which ilre individually mounted of Dl(sec paragraph [00921). 

Therefore, claim 10 is ccnsidered to be novel under PCT 1\rticle :l:3(2) hut not tu involve an inventive 

step under f'CT Article :l3(:J). 

Claims 11-13 are dependent on claim fi. The additional features of claims 11-13 me identical to 

shutdown/adjust sequence and turn off/adjust rPgulator voltages for FPGA of D2( see figure 5). 

ThPrPfore, claims 11-lJ are considerl((l lo Ile novel under PCT \n icle :l:l(2) but not lo involve, an 

inventive step under PCT Article :i:lC:ll. 

:J. Claims 14-19 

Claim 14 of the present invent ion relates to a machine readable medium. Dl(see paragr;iphs [00ll2]­

[0096l, claims 1,2 and figure 2.17,18). which is the closest prior art to the subject matter of claim 

1, discloses an information proclcssing ckvicP, comprising: prou,ssor cores: on-chip-memory: anc! a bus 

commonly connected thereto. 

When comparing claim 14 of Lhe present invention with Dl, claim 14 is differmt in a first core being 

higher performance and consuming more power than a second core. llowever. D2( see claim 1) discloses a 

packaged multi-die integrated circuit, including: a first integrated circuit die has a rate of power 

consumption that is lower than a second integrated die, 

<Continued on the \ext P;ige> 
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Supplem.-ntul Bot 

ln case the space in any of the preceding boxes is not sufficient. 
C onlmuauon of: 

International applicm1on No 

PCT/US2012/068274 

,\c,..:ordin.gly, i 1_ wculd hi:~ ob\'iou;; to a per sen ~;killed in :he :1rt to appiy the f('atures <Jf D:2 to the 

lnfor:n;n iun prc,l.>'ssing (!t·vicP of Dl. Thr·refore, claim 14 is considerr 0 d to hP no\'f•i ur:dPr FCT ·\rt ic'le 

:<lUJ lut not l,l ir:,·olve :m invi•nt i\(• ol<'P unc:Pr !'CT .\rt ide :i:H:ll. 

Cl:,ims l'.:i-1:J :,rP dPpe>ndmt on d;iim H. The additic,nal featun's of -:l:1ims J:3-JD :11? idc·ntical to 

s'1ut<!own/:1dju,;t sequence and turn off/adjust regulator voltages for Ft'f;,\ uf D2(see figun· ;,). 

Thereforr, ,·!aims l:i-19 c1rt· ~unsiderf'd tu he novel under ['CT .·\rtkle :l:1(2) hut net lo im·olvt> :m 

im·,-nt ivf' stc·p under PCT .\rt icle :l:l(Jl. 

Claims l-l!l han, industrial appl i c:abi lit y smcl mel't the requi rl'ment of PCT ,\rt i c le :l'.l\4). 
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Applicant 

INTEL CORPORATION 
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Authority have been established and are transmitted herewith. 

Filing of amendments and statement under Article 19: 
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When? The time limit for filing such amendments is normally two months from the date of transmittal of the 

international search report 
Where? Directly to the International Bureau of WIPO, 34 chcmin des Colombettes 

12 I I Geneva 20, Switzerland, Facsimile No. +41 22 338 82 70 

For more detailed instructions, see PCT Applicant's Guide, International Phase, paragraphs 9.004 . 9.0 I I, 

2. D The applicant is hereby notified that no international search report will be established and that the declaration under 

Article I 7(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith. 
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Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international 
preliminary examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 
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FOR FURTHER sec Forni PCT/ISA/220 

42P38886PCT ACTION as well as, where applicable, item 5 below. 

international application No International filing date (dayfmonthlyear) (Earliest) Priority Date (day/month/year) 

PCT/US2012/068274 06 DECEMBER 2012 (06.12.2012) 22 DECEMBER 2011 (22.12.2011) 

Applicant 

INTEL CORPORATION 

Tins International search report has been prepared by this lnternational Searching Authority and is transmitted to the applicant according 

to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of 3 sheets. 

lt is also accompanied by a copy of each prior art document cited in this report. 

Basis of the report 
a. With regard to the language, the international search was carried out on the basis of: 

~ the international application in the language in which it was filed 

a translation of the international application into ___________ , which is the language ofa 

translation furnished for the purposes of international search (Rules l2.3{a) and 23. l(b)) 

b. This international search report has been established taking into account thi.: rectification of an obvious mistake 

authorized by or notified to this Authority under Rule 91 (Rule 43.6b1s(a)). 

c. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

2. Certain claims were found unsearchable (See Box No. II) 

3. D Unity of invention is lacking (See Box No. lll) 

4. With regard to the title, 

~ the text is approved as submitted by the applicant. 

D the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

~ the text is approved as submitted by the applicant. 

D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. JV. The applicant 

may, within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. 6 

~ as suggested by the applicant. 

D as selected by this Authority, because the applicant failed to suggest a figure. 

Das selected by this Authority, because this figure better characterizes the invention. 

b. none of the figure is to be published with the abstract. 
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~ Box No. I Basis of the opinion 

Box No. II Priority 

Box No. 

Box No 

111 

IV 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Lack of unity of invention 

~ Box No. 

Box No. 

V 

VI 

Reasoned statement under Rule 43bis. l(a)(i) with regard to novelty, inventive step or industrial applicability; 

citations and explanations supporting such statement 

Certain documents cited 

D Box No. VII Certain defects in the international application 

~ Box No. VIII Certain observations on the international application 

2. FURTHER ACTION 
If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the 

International Preliminary Examining Authority ("!PEA") except that this does not apply where the applicant chooses an Authority 

other than this one to be the !PEA and the chosen !PEA has notified the International Rureau under Ruic 66.1 bis(b) that written 

opinions of this International Searching Authority will not be so considered. 

[fthis opinion is, as provided above, considered to be a written opinion of the !PEA, the applicant is invited to submit to the 

!PEA a written reply together, where appropriate, with amendments, before the expiration of3 months from the date of mailing 

ofFonn PCT/ISA/220 or before the expiration of22 months from the priority date, whichever expires later. 

For further options, see Form PCT/ISA/220. 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. I Basis of this opinion 

With to the language. this opinion has been established on the basis of. 

~ the 111ternat10nal application in the in which it was filed 

International application No. 

PCT/US2012/068274 

a translation of the international application into ______________ . which is the language ofa 
translation furnished for the purposes of international seareh (Rules I 2.3(a) and 23.1 (b)) 

Tim opinion has been established taking into account the rectification of an obvious mistake authorized hy or notified 
to this Authonty under Rule 9 I (Rule 43his. l ( a)) 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been 
established on the basts of 

filed or llirnished 

in electronic form 

b time of filing or furnishing 

contained in the international application as filed. 
D tiled together with the international application in electronic form. 

furnished subsequently to this Authority for the purposes of search. 

4. In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required 
statements that the information in the subsequent or additioanl copies is identical to that in the application as filed or does 
not go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments: 

Fonn PCT/ISA/237 (Box No. I)( July 201 I) 
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lntcmational application No 

PCT /U S2012/0682 7 4 

Box "lo. V Reasoned statement under Rule 43bis.l(a)(i) witb regard to nowlty, inventive step or industrial applicability; 

citations and explanations supporting such statement 

1 

2. 

Statement 

Novelty (N) Claims 1-19 YES 

Claims NONE NO 

Inventive step (IS) Claims NONE YES 

Claims 1-19 NO 

Indnstrial applicability (IA) Claims 1-19 YES 

Claims NONE NO 

Citations and explanations : 

i made to the fol lowing document 

0 l 2010-0083011 CONOCCII I MASr\FUM I et al . ) 0 l Apr i I 2010 
02: llS 7992020 Bl (TUAN TIM al. J 02 August 2011 
0:3: US 2010-0058086 Al (LEE WAN YEON) 04 March 2010 
Il4: US 2006-0282G92 Al COi! JANG GEUN) 14 December 2006 

A. Novelty c1nd Inventive Step 

1. Claims 

Claim 1 of the present invent ion relates to a multi-core processor. Dl(see paragraphs [0092]-[0096], 

claims 1,2 and figure 2,17,18), which is the closest prior art to the subject matter of claim 1, 

discloses an information processing device, comprising: processor cores: on-chip-memory: and a bus 

commonly connected thereto. 

Wht,n comparing cl;iim 1 of the present invention with Dl, claim 1 1s different in at least one of the 

cores that constune less power. However, D2(see claim 1) discloses a packaged multi-die integrated 

circuit, including: a first integrated circuit die has a rate of power consumption that 1s lower than 

a second integrated die. 

Accordingly, it would be obvious to a person ski I led rn the art to apply the features of D2 to the 

information processing device of Dl. Therefore, !aim 1 is considered to be novel umler PCT Article 

3:3(2) but not to invol an inventive step under PCT Article :33(3). 

Claims 2-4 are dependent on claim 1. The aclclitional features of claims 2-4 are identical to an 

oscillator PLLH of the clock with high amplitude and high frequency CLKH and oscillator PLLL of the 

clock with low amplitude and low frequency CLKL which are individually mounted of Dl(see p;iragrnph 

[0092)). Therefore, claims 2-4 are considered to be novel under PCT Article 33(2) but not to involve 

;in inventive step under PCT Article :3:3(:3). 

Claim 5 is dependent on claim 1. The additional features of claim 5 are identical to the bus of 

Dl(see claim 1). Therefore, claim 5 are considered to be novel under PCT Article 33(2) but not to 

involve an inventive step under PCT Art i c I e 33(3). 

<Continued on Supplemental Box> 
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International application No, 

PCT/US2012/068274 

The following observations on the darity of the daims, dcscript1m1 and drawmgs or on the question whether the clauns are fully 
supported by the description, an: made 

Chums 9. 16 are \\Orded 'said second drop' l lowcvcc 'second drop' has not b.:en worded m the previons, these claims do not meet 
the requirement of PCT Arodc 6 
The mtcrnational search report and the written opmion has been established on the assumption that 'second drop' is worded in the 
previous 
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2. CL1ims G-13 

International application No, 

PCT/US2012/06827 4 

Cl:iim G of tlw. present invention relates to a method. Dl(see paragraphs [0092]-[0096L claims 1,2 and 
figure• 2,17,18). which is the clos(•st prior art to the snbject matter of claim 1, discloses an 
informal ion procc-ssing device. comprising: processor cores: on-chip-memory: and a bus commonly 
conm•cted thneto. 

When comparing clnim 6 of the present invention with Dl. claim 6 is different 111 a first core being 
higher performance and consuming more power than a second core. However. D2(see claim 1) discloses a 
packaged multi-die integrated circuit. including: a first integrated circuit die has a rate of power 
consumption that 1s low,,r than a st'cond integrated die. 
Accordingly, it would be obvious to a person ski I !Pd in the art to apply the features of 02 to the 
information procC'ssing device of Dl. Therefore, claim 6 is considered to be novel under PCT Article 
'.BC!) but not to involn:' an inventive step under PCT Article 33(3). 

Claims 7-9 are dependent on claim 6. The additional features of claims 7-9 are identical to 
shutclown/1,djust sequence and turn off/adjust regulator voltages for FPGA of D2(see figure 5). 
Therefore, claims 7-9 are considered to be novel under PCT Article 33(2) but not to inrnlve an 
inventive step under PCT Article 33(~l). 

Claim 10 is clepenclenl on claim 6. The aclclitional features of claim 10 are identical to an oscillator 
PLLH of the clock with high amplitude and high frequency CLI{H and oscillator PLLL of the clock with 
low amplitude and low frequency CLKL which are indiviclnally mounted of Dl(see paragraph [0092)). 
Therefore, claim 10 1s considered to be novel under PCT Article 33(2) but not to involve an inventive 
step under PCT Article 33(3). 

Cl,1ims 11-13 are dependent on claim 6. The additional features of claims 11-13 are identical to 
shutdown/adjust sequence and turn off/adjust regulator voltages for FPGA of D2(see figure 5). 
Therefore, claims 11-13 are considered to be novel under PCT Article 33(2) but not to involve an 
inventive step under PCT Article 33(3). 

3. Claims 14-19 

Claim 14 of the present invent ion relates to a machine readable medium. Dl(see paragraphs [0092)­
[0096]. claims 1,2 and figure 2.17.18). which 1s the closest prior art to the subject matter of claim 
1, discloses an information processing device, comprising: processor cores: on-chip-memory: and a bus 
commonly connected thereto. 
When comparing claim 14 of the present invention with Dl, claim 14 is different in a first core being 
higher performance and consuming more power than a second core. However. D2(see claim 1) discloses a 
packaged multi-die integrated circuit. including: a first integrated circuit die has a rate of power 
consumption that is lower than a second integrated die. 

<Continued on the Next Page> 
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Accordingly. it 1wuld be ob,'ious to :1 person ski I led in the art tu ;1ppiy the fraturPs of D2 to the 
information processing devict, of Dl. Therdore. clc1im 14 is considl'red {() be· ncffel under PCT Article 
33(2) liut not to inrnlre an inventive Sl<'P under f'CT Article '.i3(3). 

Claims 15-19 are dependent on cl:1im H. The additional features of claims 15-19 are identical to 
shutdown/adjust scqu011ee and turn off/adjust regulator voltages for Ff'G,\ of D2(see figure 5). 
Therefore·, claims 15-HJ are considered to be novel under PCT Artie!,• 3'.l(2) but not to involve 811 
innmtive step under PCT Article '.i3(3). 

B. Industrial Applicability 

Claims J-19 have industrial ;;pp! icabi Ii ty and meet the requirement of PCT Article :33(4), 
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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the application: 

1 - 19 (Cancelled) 

20. (New) A multi-core processor comprising: 

a first plurality of cores and a second plurality of cores that support a same instruction set, 

wherein the first plurality of cores are higher performance and consume more power than 

the second plurality of cores; 

a caching layer shared by the first plurality of cores and the second plurality of cores; and 

power management hardware to enable and disable the first plurality of cores and the second 

plurality of cores, wherein an operating system that executes on the multi-core processor 

is to monitor a demand for the multi-core processor and control a core mix of the first 

plurality of cores and the second plurality of cores based on the demand with the power 

management hardware. 

21. (New) The multi-core processor of claim 20, wherein each of the second plurality of 

cores have a maximum operating frequency that is less than a maximum operating 

frequency of each of the first plurality of cores. 

22. (New) The multi-core processor of claim 20, wherein each of the first plurality of cores 

and each of the second plurality of cores further include a respective caching layer 

therein. 

23. (New) The multi-core processor of claim 22, wherein each of the first plurality of cores 

includes therein a caching layer for data and a caching layer for instructions. 

24. (New) The multi-core processor of claim 20, wherein the core mix includes a state where 

some of, but not all of, the first plurality of cores and the second plurality of cores are 

enabled. 

Appl. No.: 16/103,798 2 Atty. Docket No.: 42P38886C-Cl 
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25. (New) The multi-core processor of claim 20, further comprising a system memory 

interface to couple to a system memory to search for a cache line, requested by any core 

of the first plurality of cores and the second plurality of cores, that is not found in the 

caching layer. 

26. (New) The multi-core processor of claim 20, wherein the first plurality of cores is at least 

three. 

27. (New) The multi-core processor of claim 20, further comprising coherency logic 

circuitry to maintain cache coherency in the caching layer shared by the first plurality of 

cores and the second plurality of cores. 

28. (New) A method comprising: 

monitoring a demand for a multi-core processor by an operating system executing on the multi­

core processor, wherein the multi-core processor comprises a first plurality of cores and a 

second plurality of cores that support a same instruction set, the first plurality of cores are 

higher performance and consume more power than the second plurality of cores, and a 

caching layer shared by the first plurality of cores and the second plurality of cores; and 

controlling a core mix of the first plurality of cores and the second plurality of cores based on the 

demand with power management hardware of the multi-core processor. 

29. (New) The method of claim 28, wherein each of the second plurality of cores have a 

maximum operating frequency that is less than a maximum operating frequency of each 

of the first plurality of cores. 

30. (New) The method of claim 28, wherein each of the first plurality of cores and each of 

the second plurality of cores further include a respective caching layer therein. 

31. (New) The method of claim 30, wherein each of the first plurality of cores includes 

therein a caching layer for data and a caching layer for instructions. 
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32. (New) The method of claim 28, wherein the core mix includes a state where some of, but 

not all of, the first plurality of cores and the second plurality of cores are enabled. 

33. (New) The method of claim 28, further comprising coupling a system memory interface 

of the multi-core processor to a system memory to search for a cache line, requested by 

any core of the first plurality of cores and the second plurality of cores, that is not found 

in the caching layer. 

34. (New) The method of claim 28, wherein the first plurality of cores is at least three. 

35. (New) The method of claim 28, further comprising maintaining cache coherency, by 

coherency logic circuitry of the multi-core processor, in the caching layer shared by the 

first plurality of cores and the second plurality of cores. 

36. (New) A non-transitory machine readable medium containing code that when processed 

by a machine causes a method to be performed, the method comprising: 

monitoring a demand for a multi-core processor by an operating system executing on the multi­

core processor, wherein the multi-core processor comprises a first plurality of cores and a 

second plurality of cores that support a same instruction set, the first plurality of cores are 

higher performance and consume more power than the second plurality of cores, and a 

caching layer shared by the first plurality of cores and the second plurality of cores; and 

controlling a core mix of the first plurality of cores and the second plurality of cores based on the 

demand with power management hardware of the multi-core processor. 

37. (New) The non-transitory machine readable medium of claim 36, wherein each of the 

second plurality of cores have a maximum operating frequency that is less than a 

maximum operating frequency of each of the first plurality of cores. 
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38. (New) The non-transitory machine readable medium of claim 36, wherein each of the 

first plurality of cores and each of the second plurality of cores further include a 

respective caching layer therein. 

39. (New) The non-transitory machine readable medium of claim 38, wherein each of the 

first plurality of cores includes therein a caching layer for data and a caching layer for 

instructions. 

40. (New) The non-transitory machine readable medium of claim 36, wherein the core mix 

includes a state where some of, but not all of, the first plurality of cores and the second 

plurality of cores are enabled. 

41. (New) The non-transitory machine readable medium of claim 36, further comprising 

coupling a system memory interface of the multi-core processor to a system memory to 

search for a cache line, requested by any core of the first plurality of cores and the second 

plurality of cores, that is not found in the caching layer. 

42. (New) The non-transitory machine readable medium of claim 36, wherein the first 

plurality of cores is at least three. 

43. (New) The non-transitory machine readable medium of claim 36, further comprising 

maintaining cache coherency, by coherency logic circuitry of the multi-core processor, in 

the caching layer shared by the first plurality of cores and the second plurality of cores. 
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Title:ASYMMETRIC PERFORMANCE MUL TICORE ARCHITECTURE WITH SAME INSTRUCTION SET 
ARCHITECTURE 

Publication No.US-2019-0073336-A 1 
Publication Date:03/07/2019 

NOTICE OF PUBLICATION OF APPLICATION 

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

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

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

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

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 
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UNIT 
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ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

42P38886C2 19 3 
CONFIRMATION NO. 5727 

UPDATED FILING RECEIPT 
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Date Mailed: 11/29/2018 

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

lnventor(s) 

Applicant( s) 

VARGHESE GEORGE, Folsom, CA; 
SANJEEV S. JAHAGIRDAR, Folsom, CA; 
DEBORAH T. MARR, Portland, OR; 

INTEL CORPORATION, Santa Clara, CA; 

Power of Attorney: The patent practitioners associated with Customer Number 131413 

Domestic Priority data as claimed by applicant 
This application is a CON of 15/431,527 02/13/2017 PAT 10049080 
which is a CON of 13/335,257 12/22/2011 PAT 9569278 

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: 09/24/2018 
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/103,798 

Projected Publication Date: 03/07/2019 

Non-Publication Request: No 

Early Publication Request: No 
Title 

ASYMMETRIC PERFORMANCE MUL TICORE ARCHITECTURE WITH SAME INSTRUCTION SET 
ARCHITECTURE 

Preliminary Class 

713 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

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

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

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

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

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

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

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

NOT GRANTED 

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

Select USA 

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

Substitute for Form PTO-875 16/103,798 

APPLICATION AS FILED - PART I OTHER THAN 

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

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

BASIC FEE N/A N/A N/A N/A 300 (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 660 (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 760 (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 19 (37 CFR 1.16(i)) 
minus 20= OR X 100 = 0.00 

INDEPENDENT CLAIMS 3 minus 3 = X 460 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 1720 

APPLICATION AS AMENDED - PART II 

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

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

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

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

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

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

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

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

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

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

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

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

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

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

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



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

16/103,798 

131413 
NDWE LLP/lntel 

FILING OR 3 71 (C) DATE 

08/14/2018 

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

PO Box 1450 
Alexandria, Virgmia 22313-1450 
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Date Mailed: 11/29/2018 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 11/26/2018. 

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. 

/mabebe/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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Doc Code: PA.. 
Document Description: Power of Attorney PTO/AIA/826 (07-13) 

Approved for use through 11130/2014. 0MB 0651-0051 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

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

POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

I AppUcatlon Numbe, I FIiing Date 

I 
(Note: The boxes above may be left blank if information is provided on form PT0/AIA/82A.) 

0 I hereby appoint the Patent Practitioner(s) associate{! with the following Customer Number as my/our attorney(s) or agent(s), and 
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in 
the attached transmittal letter (form PT0/AIA/82A) or identified above: I 
OR 131413 I 

□ I hereby appoint Practitioner{s) named in the attached list (form PT0/AIA/82C) as my/our attorney(s) or agent{s}, and to transact 
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter {form PT0/AIN82A) or identified above. (Note: Complete form PT0/AIA/82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

~ The address associated vi1.ith the above..,mentioned Customer ~Jumber 

OR 

□ The address associated with Customer Number: I I OR 
Firm or 
Individual Name 

Address / 

City I State I I Zip I 
Country 

Telephone I Email I 
I am the Applicant {if the Applicant is a juristic entity, list the Applicant name in the box): 

!1NTEL CORPORATION 
□ Inventor or Joint Inventor (title not required below) 

D Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

~ Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

□ Person Who 0therv.iise Shows Sufficient Proprietary Interest (e.g., a petitton under 37 CFR 1.46{b)(2) was granted in the 
aoolication or is concurrently being filed with this document) (provide signer's title if aoolicant is a juristic entity) 

SIGNATL!_f~E of Applicant for Patent 

The undersigned (whose ti!t~ .. jf· supplied belowlJ$••l:tuthorized to act on behalf of the applicant {e.g., where the ~pplicant is a juristic entity). 

Signature .,, ... >(.__,.~,-,.,., _..-,,< .... •·:? ,•') ( ! Date (Optional) i ;~">..-tl)t~~$~i~f.%-··· ~::~S . ~'?::/~! ~ . . :,; ~- ' ~ 

Name Kerry D. Tweet 

Title Assistant Director of Patents, Intel Corporation 
NOTE.: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements 
and certifications. If more than one applicant, use mulUple forms. 

Orotal of forms are submitted. 
This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtam or retain a benefit by the public which 1s to fil.e {and by the 
USPTOto process)an applioalion. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Ps1tent 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. 

I 

l 

.. 



Electronic Patent Application Fee Transmittal 

Application Number: 16103798 

Filing Date: 14-Aug-2018 

Title of Invention: 
ASYMMETRIC PERFORMANCE MULTICORE ARCHITECTURE WITH SAME 
INSTRUCTION SET ARCHITECTURE 

First Named Inventor/Applicant Name: VARGHESE GEORGE 

Filer: David F. Nicholson/Carla Nascimento 

Attorney Docket Number: 42P38886C2 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

UTILITY APPLICATION FILING 1011 1 300 300 

UTILITY SEARCH FEE 1111 1 660 660 

UTILITY EXAMINATION FEE 1311 1 760 760 

Pages: 

Claims: 

Miscellaneous-Filing: 

LATE FILING FEE FOR OATH OR DECLARATION 1051 1 160 160 

Petition: 



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1880 



Electronic Acknowledgement Receipt 

EFSID: 34394610 

Application Number: 16103798 

International Application Number: 

Confirmation Number: 5727 

Title of Invention: 
ASYMMETRIC PERFORMANCE MULTICORE ARCHITECTURE WITH SAME 
INSTRUCTION SET ARCHITECTURE 

First Named Inventor/Applicant Name: VARGHESE GEORGE 

Customer Number: 131413 

Filer: David F. Nicholson/Carla Nascimento 

Filer Authorized By: David F. Nicholson 

Attorney Docket Number: 42P38886C2 

Receipt Date: 26-NOV-2018 

Filing Date: 14-AUG-2018 

Time Stamp: 16:27:12 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1880 

RAM confirmation Number 112718INTEFSW16275500 

Deposit Account 

Authorized User 

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



File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

84710 

1 
Applicant Response to Pre-Exam P38886C2_Notice_to_File_Miss 

no 2 
Formalities Notice ing_Parts_ 11 _26_ 18.pdf 

c473b6c8eaa9a1193697c3acd0f166a9548~ 
dbd7 

Warnings: 

Information: 

2546354 

2 Oath or Declaration filed P38886C_Decs_signed_ALL.pd no 3 
Ofe1d164f48c6e2becd8c11430308c92359t 

89d0 

Warnings: 

Information: 

117947 

3 
Assignee showing of ownership per 37 42P38886C2_373c_ll - 26_18. 

no 3 
CFR 3.73 pdf 

fe5ce37adbb6f4a3d8ec4d42Sb04d3a5395 
9a9c6 

Warnings: 

Information: 

1005483 

4 Power of Attorney GENERAL_POA_POST _AIA.pdf no 1 
72613581 efca2639e995436Sf5e287717265 

fc29 

Warnings: 

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the 
Image File Wrapper and may affect subsequent processing 

Information: 

37182 

5 Fee Worksheet (5B06) fee-info.pdf no 2 
2d79f1 90cff2f26a2346f48c4cf98a 79f6efa 1 

4 

Warnings: 

Information: 

Total Files Size (in bytes) 3791676 



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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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. 



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

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

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

16/103,798 

131413 

08/14/2018 VARGHESE GEORGE 42P38886C2 

NDWE LLP/lntel 
99 Almaden Boulevard, Suite 710 
San Jose, CA 95113 

CONFIRMATION NO. 5727 
FORMALITIES LETTER 

11111111111111111 lllll ll]~!l]!~l!~IU!IIHH!ljlll 11111111111111111111111 

Date Mailed: 09/26/2018 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

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

• The statutory basic filing fee is missing. 
• The application search fee must be submitted. 
• The application examination fee must be submitted. 
• Surcharge as set forth in 37 CFR 1.16(f) must be submitted. 
The surcharge is due for any one of: 

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

SUMMARY OF FEES DUE: 

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized 
below. No entity status discount is in effect. If applicant is qualified for small entity status, a written assertion of 
small entity status must be submitted to establish small entity status. (See 37 CFR 1.27). If applicant is qualified 
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro 
entity status. (See 37 CFR 1.29 and forms PTO/SB/15A and 15B.) 

• $ 300 basic filing fee. 
• $ 160 surcharge. 
• $ 660 search fee. 
• $ 760 examination fee. 
• $( 0) previous unapplied payment amount. 
• $1880 TOTAL FEE BALANCE DUE. 

Items Required To Avoid Processing Delays: 
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Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
VARGHESE GEORGE 
SANJEEV S. JAHAGIRDAR 
DEBORAH T. MARR 

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

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy 
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice". 
https ://sportal. uspto .gov/authenticate/ AuthenticateUserlocal EP F. htm I 

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

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/wtsige/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 2 of 2 
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DECLARATION (37 CFR 1,63) FOR UT!UTY OR DESIGN APPLICATION USING AN 
APPUCATlON DATA SHEET (37 CFR.1.76) 

Title of 
!nvctmtion 

I .ASYMMi~TRlC i::~RFOR~'.~NC~_~11u~TtcoRE ARCHlTECTURE vVlTH SAME 
1 !NSTRUCT!ON ,~t: T ARCH1TEG: URE 
' 

This tlm'.:l~irnhM 
l~ ;jir,ic:ted l.o: 

[ll 

l h~n~by ~1cKru:~r~v:.ed~ft~ ·that an,l \r...-'il!ki~ fi3J:sce sta.t{::rnant rt~a\it~ iti this decfa.1rati~,n is p:.J:::li:shab~e under 18 l!.S,(;~ ·1.0.01 
by nne or trnptls0nnH~nt c>f 1:1ot more. than fiv6 {5) years! t.:':r both. 

P~tWcner.:~~ppHc<~:nJ hs ca,dlont3d in avokt sub:nUilnp pars:or:a! iof:o.rrn;3:tion ln doc:.HTients filed ln a patent appHc.ation that rr~~y 
enn1dbt.~~-{~ t:o ki~~nUty theft P~~t~~ona.: infcrmatiori.suc,h a.s sqci:i! s.ecur}!y ntu):tJ~~.fs\ t}~~nk f~i~C<H~r~t nurnb~$n~. ot<;t~dH <~ard rH.)~-rtbE}rs· ~ 
{.q.~h~r th~.::1 a <:;hSC;k: or ~~redit card fH .. Jthorfzatk~n fc~nn PT0·~-2{}3.B ~E-~-JtHntH~xj :for pB:yfnf::nt purpt}Sf3s} ~:S • r~~:l'vBr .ri:t~::..:kB:d IJy t;-1~3 l)SPT{) I 
t~~.~>~Jpport .a petittor:: or an .appHcahon, lf !hf~( typ~· of p0rsnn.3;d !.nf:onnaHon j.s fr~{J~.H:~f:d in doc·~Hn(n~:ts subrn{t1t3d t~)::th~! USPTZ.1, 
p~Wcners/~ppHe:ants ~<houki i)~>n~kfr.~r r(:d.acUng ·.such pe.r:~onai \nf.orrnaU:.:;n. frorr~ ·the d:OC!.Jrnents b.ofore subrnitlir~g tn-~rn ·to the 
USPTO. Pr,tili.on,~riapp!icani l~ a:::lvis.<::>ct that tiw recarct of a f!;,\{Bnt appHc,:1ti,m ifl ::N;:i.ilab!E, k, ti";e put)lie Hfh1r publie(:l!i{xi 1:if !h(, 
~pp!ic.etion {unt~s-s .a non--pubHc~Uon n~qu~s1t in (::nn1p~fa~n{~~ \.V!th ;-rr CFR. 1~2'1.3fj~) ~s tna:(?t: in :th(~ appHcat~on) or issti.tH1cf: of a 
pat~nt Ftsrthi.ffrn~>n~: fhf:?: r~~.c;qrd fror:r1 .~1n <:1ba.:ndon~d ~~pp!lcafron may atso be -avaHab!s to the pubnc ff U1e appHca:Uprt is 
rE.~.fi~n~nG~d !n a ptlbUshSd appHcatk.,n or an }SStJe<:~ paten{ {Se€: :} 7 C-ff'{ 1 ~ ·l 4.).. t:h":~J::ks an~J <~t~1t~R et3rd au{h(~:rt?-<sH<..1n f:::Jrrn~~ 
PTQ ... 2038 :su!.:::rn}tted ior pay'(nent pwfp<~Si:}Sc 2~.tB· nnt r~:h:lfni~d in u·1~3 :::·~p:pU~~~.tlon ft!~::ary(j th~::r~fbn~ ~~re rint pubHc+>~ avat!abie .. 

LEGAL NAME OF lNVENTT)fl 

krv:s:t,k;r: -~-~~JEE\! S. JAlj6Q!RDA!::................................................... O,~t(i {Optk>r,s1i) :~~---~ ... --·.•----------------------· 

S,qnalun~: ····················<~~:A;;~r~i~;~~,;,--: .. __ \/~t·J:.rfI>./ -5) ,··rA-+f it· 6-'T~C,{),l~f~~----

N<Jte; .i\n a::µp~1.-:;.~~~i',.1r:. ~i<Sl}:t sh~~:f~i {PT~J/SHt:4 ... ~r ~q:..fr•.,•::1tc::n}} .. h:1..:,h.~fl:i:)g q~:'"'n~rt~l tht'";': iS\1th:~:. jn,H:}t~ti:-..'* .~j1i:fi;-· .. rriJ(.sf ~~,~-..,x1rnp;~try th~* -fonr:: 9:- n~,:·st f\&ve 
b88n pr~vk:vsl~tnled~ iJ~f~· ~n ~t,idj~~cna~ P"f{J.1~.:\iAi01 torn: tor. ~$:ch ~'30dUji)n${ irr-i~r~tor. 

Th~;j :7.{}ft•sG~nn (1.f f:.-tfonnst~;:,1?~ it· :·~q:.}i(~;:_i l't/ 35 V. ~-C~ .'. .15 ~:n•~t ~'! CFR i J3~t Tht'} i:h.f-ofr~~:3tit:.1r: ~;,;,.f>;."'q.;;$::,:;::1 ~: .~:~t~~:f.; .t•t f{j:~.;i:~· & Mrt1::1{lt by ih~ l:-~'-tb~;.-.~ ;..,~·h.lt~~~ i$ ?1 f~i; (~n-:~ 
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~':!rt:pt..:~s::, ~r:r~i~;>fr:9 g~th-..4:M:r.•t~, pr~f.>~::;ri9., :an,:; ~~:1:)m.t~i:~;J the {.'XJm~l-e:t~ -lP!:'.<l~C;;ttf-:,::. fott:7 to- th~ U~P"fl), r:n:~·~= )';.'i{i '/~:y·G*:O~:r:~'J~ag ·~:p..-}n. H")~· .[r::._i:.,;•:tiu~: 1'..{r~:~, ;,~?W 
~:-ormn~r,i* ~1 ti~e :.,:im-:st:nt c-rt:rn~ i'C'·U ~~~:;ks;'!' to· o.~n:;~i~te ~!"ii$ :\:•e:•~~ ;3;,d/:>:- ~u~J~Jt::::-::..:5:-'.'ln·~ ~n: \t-:d1:.H.-::in;] th~~ t:~3fdf::f~. $11t'HJ:h:) be ~:er~t ~1 rt•.~ thl-$'f fr:;fortl'~~1J1;:1~j <.>tfa .. ~'J?· .. U.S~ 
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PTQIAIAill'l ('1\M:2\ 
Appt◊'>l<$!l i~•t ~;;e through (lt/$~iZQ1<1, ts.I$ tl$51-nt,~i 

VJ,, f'alt,:~t am:i Tta®il'l.llrJI Qffi~; \J,S. OEP,><RTMENT Of COMMERCE 
Under the Paperwork Rectuct;a11 Act Qf 1!3S~, fiO persons a~ ~u:r<S;J m r<$'.Spo,nd lo a colletikm m lrn'i:!rmation ,m!~ it ,:f\$pja\1'3 ·"' )laliii ()~S ~1trol nun:i!l.,r, 

DECLARATION (:37 CFR 1,83) FOR UTILITY OR DESlGN APPLICA noN USING AN 
APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
lnwmtfom 

ASYMMETRJC PERFORMANCE MUL TICORE ARCHITECTURE WITH SAME 
INSTRUCTION SET ARCHITECTURE 

As the below named inventor, I hereby declare that: 

~h!f,::~~!on D The attached appHcation, or 

• United StatBs application or PCT int-ernaticnaJ application number 15/431., 527 

filed an February 13, 2017 

! believe that ! am the original inve11tcr or an original Joint inventor ofa claimed invention fn the application. 

I hereby acknowledge that a~y willful fa!se statement made ir1 th!s declaration is punishable under t8 U.S, C, 1001 
t>~• !lne or imprlsonmant of not more t1:1an five {5) years, or both. 

WARNING: 
Pelltioner/app!lcant is ,;:autioned to avold submitting persona! lnformatlon ln documents flied ln a patent :application that may 
contribute to identity theft Perstma! infufmafion such as social :security n~imbers, bank account ricumbers, or credl:t calti numbers 
{olner than a check or er-edit card authorization form ?T0~2038 submitted for payment purposes) is never (equired by the USPTO 
lo support a petition or an app!tcatfort, If this type of peft.onal information is included in documents submitted to the USPTO, 
petitioners.taµpncants should consider r~dacting such personal. lnformallon from the documents before submitting them !o the 

• USPTO. PetitionerJappJ1cc;u1t is advised that the record of a patent application is available to the public aft11u•putilitation onhe 
application (unless a non~publication request in c:ompllance wrth 37 CFR i ,21 S(a) ls made ln the applieatron) or \ssuanc-e of a 
patent Furthermore, the record from an abandoned application may also be ~vallab!e to the puhH~ lf the application ls 
referenced in a published aµplita{lan or an issued pate!'lt (see 37 CFR 1, 14)- Checks and credit card authorization forms 
P'T0-2038 submttted for payment purposes are not retained in !he application fire and therefore .. are not publicly available, 

LEGAL NAME OF INVENTOR 

inventor: DEBCl_RAH T MARR 

Signature: ')~jdt2:::( ,:~::: :-',L~~?:"'··----,,. "· 

Date {Optional):-------~-

Note: Ari appli.c-ation data sheet (PTO/$Elf14 or !3(\Ulvaient}, incltx!ing naming !he enllm lr1ventiw entity,, mu8t awompany this form or must have 
treen prevkiusly flied, Use an additional PTQ/A!Al{.11 fi.lrm for each mtclillonal trwentor. 

T~!J c~i~~~n .:«f i~torm,atQ~ is· m~{un~d b~t. 3:S· .U .. S. C. ... 11 S an{). '31 CFR. 1..as. !he lnfun-:nation Ji mqt:me~ lo obtwn _Qr reta111. a. be,nefit ~ the. pub};e·which.·~s:J-0 me {and 
by the-US?TO to prO®~r.)an appf1cati<m. C:;,.'>fo;Jen~~li!,I I$ governed l:ly 35 IJ.$.C .. 122 aoo 37 Cf'~ 1.1:i am:! 1,14.,. Thi~ co~~Uo,-i I~ estimme!l 10 lake ·1 m111uw ti:, 
oomple~, indud1n9 gatiwtir1f;!, fire~;irr~g. ~nd suI:i-mrffing lhe compii,ted appli®~on fotm !,:., !he IJSPTO. T1111e wfll var/ de~e,ndiilS upon l~e i11(j,v1i:11ml ca~e. Ariy 
comm:en!s on the ,3m;:.1~•nt oci ~me y,;u mqulre lo compl!;ta !lits .farm ll1!1dlo, .1;uggestlon$ fur mrJuclng th\t; bur-den. shoul;J ~1, 1-enHo ihe Chlef lnformmk'in Off~t. UJ.t 
Psttet1car,<j Trade,\~fk Offie<S, U.S. ~p..irb,\tmi:of Co1M1erce, f's<); Sox. HSO. I\Je:<andna, VA2231;J;.t450, DO NOT $ENO Ff!::$ OR COM?LETEO FORMS TQ 

TH!$ ADDRESS .. SEND TO: Cornmlssfonet for Patent$, P.O. Bolt 1450, Alaxandrla; VA 22311-1450. 
If ,WW MM aS.!';SiM<:e in cornp/./,#llg i/iec fqnn c;ifl MWO,Pro--!i't&ft alld J~ct-(lj)lk>,'lc i,', 



PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 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 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

Applicant!Patent Owner: _ln_te_l_C_o_rp_o_r_a_ti_o_n ____________________________ _ 

Application No./Patent No.: 161103 ,798 Filed/Issue Date: _A_u_g_u_s_t _14_,_2_0_1_8 ______ _ 

Titled: ASYMMETRIC PERFORMANCE MUL TICORE ARCHITECTURE WITH SAME INSTRUCTION SET ARCHITECTURE 

Intel Corporation 
--------------------

, a Corporation 

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below): 

1. 0 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): 

LJ 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. 0 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 02so45 , Frame 0420 , 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 US PTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

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



PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 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 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

4. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

5. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

6. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

0 As required by 37 CFR 3. 73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Scott A. Simmons/ November 26, 2018 
Signature 

Scott A. Simmons 
Printed or Typed Name 

[Page 2 of 2] 

Date 

60,206 
Title or Registration 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. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under 
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA 
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or 
Commerce) directive. Such disclosure shall not be used to make determinations about individuals. 

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



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

16/103,798 

131413 
NDWE LLP/lntel 

FILING or 
37l(c)DATE 

08/14/2018 

GRPART 

UNIT 

2118 

99 Almaden Boulevard, Suite 710 
San Jose, CA 95113 

FIL FEE REC'D 

0.00 

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

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

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

42P38886C2 19 3 
CONFIRMATION NO. 5727 

FILING RECEIPT 

1111111111111111111111 m~mll!IHIH~ 11111111111111111111111 

Date Mailed: 09/26/2018 

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

lnventor(s) 

Applicant( s) 

VARGHESE GEORGE, Folsom, CA; 
SANJEEV S. JAHAGIRDAR, Folsom, CA; 
DEBORAH T. MARR, Portland, OR; 

INTEL CORPORATION, Santa Clara, CA; 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This application is a CON of 15/431,527 02/13/2017 PAT 10049080 
which is a CON of 13/335,257 12/22/2011 PAT 9569278 

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 
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ABSTRACT 

A method is described that entails operating enabled cores of a multi-core processor such 

that both cores support respective software routines with a same instruction set, a first core being 

higher performance and consuming more power than a second core under a same set of applied 

supply voltage and operating frequency. 
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CLAIMS 

What is claimed is: 

1. A multi-core processor comprising a plurality of cores that support a same instruction 

set, where, at least one of the cores is constructed of logic gates that consume less power, for a 

same applied operating frequency and supply voltage, than the same corresponding logic gates of 

at least one other of the cores. 

2. The multi-core processor of claim 1 wherein the logic gates that consume less power 

have narrower logic gate driver transistors than the same corresponding logic gates of the at least 

one other of the cores. 

3. The multi-core processor of claim 1 wherein there are at least two cores that are 

constructed of the logic gates that consume less power. 

4. The multi-core processor of claim 1 wherein only one of the cores is constructed of 

the logic gates that consume less power. 

5. The multi-core processor of claim 1 further comprising a switch fabric between the 

cores and a system memory interface. 

6. A method, comprising: 

operating enabled cores of a multi-core processor such that both cores support 

respective software routines with a same instruction set, a first core being higher performance 

and consuming more power than a second core under a same set of applied supply voltage and 

operating frequency. 

7. The method of claim 6 further comprising: 

disabling the first core but leaving the second core operable in response to lower 

demand being offered to the multi-core processor. 

8. The method of claim 7 further comprising enabling the first core after it is disabled in 

response to higher demand being offered to the multi-core processor. 
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9. The method of claim 8 wherein said method further comprises: 

disabling said first core after detecting a first drop in demand offered to said multi-core 

processor; 

enabling said first core after detecting a first rise in demand offered to said multi-core 

processor, the amount of demand associated with said first drop being greater than the amount of 

demand associated with said second drop. 

10. The method of claim 6 wherein the operating of the first core includes driving load 

lines with wider transistor widths than corresponding transistor widths in said second core. 

11. The method of claim 6 further comprising lowering a supply voltage and/or 

operating frequency of said first core in response to lower demand being offered to said multi­

core processor. 

12. The method of claim 6 further comprising raising a supply voltage and/or operating 

frequency of said first core in response to higher demand being offered to said multi-core 

processor. 

13. The method of claim 6 further comprising: 

disabling said first core in response to a drop in demand applied to said multi-core 

processor; and, 

lowering a supply voltage and/or operating frequency of said second core in response to 

an additional drop in demand applied to said multi-core processor. 

14. A machine readable medium containing program code that when processed by a 

machine causes a method to be performed, the method comprising: 

operating enabled cores of a multi-core processor such that both cores support 

respective software routines with a same instruction set, a first core being higher performance 

and consuming more power than a second core under a same set of applied supply voltage and 

operating frequency; 

disabling the first core but leaving the second core operable in response to lower 

demand being offered to the multi-core processor; 
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15. The machine readable medium of claim 14 wherein said method further comprises 

enabling the first core after it is disabled in response to higher demand being offered to the multi­

core processor. 

16. The machine readable medium of claim 15 wherein said method further comprises: 

disabling said first core after detecting a first drop in demand offered to said multi-core 

processor; 

enabling said first core after detecting a first rise in demand offered to said multi-core 

processor, the amount of demand associated with said first drop being greater than the amount of 

demand associated with said second drop. 

17. The machine readable medium of claim 14 wherein said method further comprises 

lowering a supply voltage and/or operating frequency of said first core in response to lower 

demand being offered to said multi-core processor. 

18. The machine readable medium of claim 14 wherein said method further comprises 

raising a supply voltage and/or operating frequency of said first core in response to higher 

demand being offered to said multi-core processor. 

19. The machine readable medium of claim 14 wherein said method further comprises: 

disabling said first core in response to a drop in demand applied to said multi-core 

processor; and, 

lowe1ing a supply voltage and/or operating frequency of said second core in response to 

an additional drop in demand applied to said multi-core processor. 
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AN ASYMMETRIC PERFORMANCE MULTICORE ARCHITECTURE 
WITH SAME INSTRUCTION SET ARCHITECTURE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present patent application is a continuation application claiming priority from U.S. 

Patent Application No. 15/431,527, filed February 13, 2017, and titled: "Asymmetric 

Performance Multicore Architecture with Same Instruction Set Architecture", which is a 

continuation of U.S. Patent Application No. 13/335,257, filed December 22, 2011, and titled: 

"Asymmetric Performance Multicore Architecture with Same Instruction Set Architecture", both 

of which are incorporated herein by reference in their entirety. 

BACKGROUND 

Field of Invention 

[0002] The field of invention relates generally to computing system architecture, and, more 

specifically, to an asymmet1ic performance multicore architecture with same instruction set 

architecture (ISA). 

Background 

[0003] Fig. 1 shows a typical multi-core processor 100_1. As observed in Fig. 1, the multi­

core processor 100_1 includes a plurality of processor cores 101_1 to lOl_N on a same 

semiconductor die 100_1. Each of the processor cores typically contain at least one caching 

layer for caching data and/or instructions. A switch fabric 102 interconnects the processor cores 

101_1 to lOl_N to one another and to one or more additional caching layers 103_1 to 103_N. 

According to one approach, the processors 101_1 to l0l_N and the one or more caching layers 

have internal coherency logic to, for example, prevent two different cores from concurrently 

modifying the same item of data. 

[0004] A system memory interface (which may also include additional coherency logic) 104 is 

also included. Here, if a core requests a specific cache line having a needed instruction or item 

of data, and, the cache line is not found in any of the caching layers, the request is presented to 

the system memory interface 104. If the looked for cache line is not in the system memory 

105_1 that is directly coupled to interface 104, the request is forwarded through system network 

interface 106 to another multi-core processor to fetch the desired data/instruction from its local 

system memory (e.g., system memory 105_X of multi-core processor lO0_X). A packet 

switched network 107 exists between the multi-processor cores 100_1 to lO0_X to support these 

kinds of system memory requests. 
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[0005] Interfaces to system I/0 components 108_1 to 108_ Y (e.g., deep non volatile storage 

such as a hard disk drive, printers, external network interfaces, etc.) are also included on the 

multi-processor core. These interfaces may take the form of high speed link interfaces such as 

high speed Ethernet interfaces and/or high speed PCie interfaces. 

[0006] Some multi core processors may also have a port 105 to the switch fabric 102 to scale 

upwards the number of processor cores associated with a same (also scaled upward) caching 

structure. For example, as observed Fig. 1, multi-processor cores 101_1 and 101_2 are coupled 

through the switch fabric port 105 to effectively form a platform of 2N cores that share a 

common caching structure (processor 100_2 is coupled to processor 100_1 through a similar port 

to its switch fabric). 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention is illustrated by way of example and not limitation in the 

figures of the accompanying drawings, in which like references indicate similar elements 

and in which: 

[0008] Figure 1 shows a multicore processor and surrounding computer system (prior art); 

[0009] Figure 2 shows a power management strategy (prior art); 

[0010] Figure 3 shows a logic gate drive circuit; 

[0011] Figure 4 shows multi core processor having high power and low power cores that 

support the same instruction set; 

[0012] Figure 5 compares power consumption of a high power core and low power core; 

[0013] Figure 6 shows a first power management method; 

[0014] Figure 7 shows a second power management method; 

[0015] Figure 8 shows a design method. 
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DETAILED DESCRIPTION 

Overview 

Detailed Description 

[0016] Computing system power consumption is becoming more and more of a concern. As 

such, a number of different power management schemes are incorporated into modem day 

computing systems. Typically, the power management component of the system will scale up 

the processing performance of the system as the system's workload increases, and, scale down 

the processing performance of the system as the system's workload decreases. Decreasing the 

processing performance of the system corresponds to power savings as the power consumption 

of the system is strongly correlated with its performance capabilities. 

[0017] A typical way to scale processing performance and power consumption with workload 

is to enable/disable entire cores and raise/lower their supply voltages and operating frequencies 

in response to system workload. For example, as observed in Fig. 2, under a maximum 

performance and power consumption state 201 all cores are enabled and each core is provided 

with a maximum supply voltage and maximum clock frequency. By contrast, under a minimum 

performance and power consumption state 202 (at which program code can still be executed), 

only one core is enabled. The single core is provided with a minimum supply voltage and 

minimum operating frequency. 

[0018] Some basic concepts of electronic circuit power consumption are observed in Fig. 3. 

Here, the driver circuit 310 portion of a logic gate 311 is observed driving a next one or more 

logic gate(s) 312. Specifically, the speed of operation of interconnected logic gates 311, 312 

rises as the width of its driving transistors 302_1, 302_2 (measured, for each transistor, along the 

semiconductor surf ace perpendicular to the direction of current flow) increase and the 

capacitance 303 of the line 304 (and input capacitance of the load logic gate(s) 312) it is driving 

decreases. Here, in order to raise the voltage on the line from a logic low level to a logic high 

level, a sufficiently strong current 305 needs to be driven by the source transistor 302_1 through 

the line to rapidly apply charge to the capacitance 303 (and thereby raise the voltage on the line). 

Similarly, in order to lower the voltage on the line from a logic high level to a logic low level, a 

sufficiently strong current 306 needs to be "sunk" by the sink transistor 302_2 through the line to 

rapidly draw charge off the capacitance (and thereby lower the voltage on the line). 

[0019] Essentially, the amount of current the transistors 302_1, 302_2 will source/sink is a 

function of their respective widths. That is, the wider the transistors are, the more current they 

will source/sink. Moreover, the amount of cmrent the transistors 302_1, 302_2 will source/sink 
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is also a function of the supply voltage VCC that is applied to the driver circuit 310 observed in 

Fig. 3. Essentially, the higher the supply voltage, the stronger the source/sink currents will be. 

[0020] Further still, the rate at which the transistors will be able to apply/draw charge to/from 

the capacitor is a function of the size of the capacitance 303 of the line 304 being driven. 

Specifically, the transistors will apply/draw charge slower as the capacitance 304 increases and 

apply/draw charge faster as the capacitance 304 decreases. The capacitance 304 of the line is 

based on its physical dimensions. That is, the capacitance 304 increases the longer and wider the 

line, and by contrast, the capacitance 304 decreases the shorter and narrower the line is. The line 

itself is of fixed dimensions once the circuit is manufactured. Nevertheless, line width and line 

length are design parameters that designers must account for. The width of the line cannot be 

narrowed too much or else it will have the effect of increasing the line's resistance which will 

also slow down the rate of charge applied/drawn to/from the capacitor. 

[0021] A final speed factor is the frequency of the signal itself on the line. Essentially, circuits 

driven with a faster clock signal will more rapidly switch between applying and drawing charge 

to/from the line capacitance 304 than circuits with a slower clock signal. Here, more rapid 

switching corresponds to a circuit that is sending binary information faster. 

[0022] All of the factors described above for increasing the rate at which the charge on the 

capacitor is applied/drawn also lead to a circuit that consumes more power. That is, a circuit that 

is designed to have relatively wide source/sink transistors, a high supply voltage, short load lines 

and receive a higher frequency clock signal will operate faster and therefore consume more 

power than circuits oppositely oriented as to these same parameters. 

[0023] Recalling the discussion of Figs. 1 and 2, note that prior art multi core processor power 

management schemes have been implemented on processors whose constituent cores are 

identical. That is, referring to Fig. 1, all of cores 101_1 to lOl_N are identical in design. In 

other approaches, the cores are not identical but are radically different. Specifically, one of the 

cores is a low power core but the lower power characteristic is achieved by stripping out sizable 

chunks of logic circuitry as compared to the other cores. More specifically, the sizable chunks 

that are stripped out correspond to the logic that executes the program code instructions. Said 

another way, the low power core supports a reduced instruction set as compared to the higher 

performance cores. A problem with this approach, however, is that it is difficult for system 

software to adjust switch operation between processor cores having different instruction sets. 

[0024] Fig. 4 depicts a new approach in which at least one of the cores 401 is designed to be 

lower performance and therefore consume less power than other cores 402 in the processer. 

However, the lower power core(s) 401 has a same logic design as the higher power core(s) 402 
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and therefore supports the same instruction set 403 as the high power core(s) 402. The low 

power core(s) 401 achieve a lower power design point by having narrower drive transistor 

widths than the higher power core(s) and/or having other power consumption related design 

features, such as any of those discussed above with respect to Fig. 3, that are oppositely oriented 

than the same design features in the higher power cores. 

[0025] According to one approach, discussed in more detail below, when the multi-processor 

core is being designed, the same high level description (e.g., the same VHDL or Verilog 

description) is used for both the higher performance/power core(s) and the lower 

performance/power core(s). When the higher level descriptions are synthesized into RTL 

netlists, however, for the subsequent synthesis from an RTL netlist into a transistor level netlist, 

different technology libraries are used for the low power core(s) than the high power core(s). As 

alluded to above, the drive transistors of logic gates associated with the libraries used for the low 

power core(s) have narrower respective widths than the "same" transistors of the "same" logic 

gates associated with the libraries used for the high power cores. 

[0026] By design of the multiprocessor, referring to Fig. 5, the lower power core(s) exhibit 

inherently lower power consumption (and processing performance) than the higher power 

core(s). That is, for a same applied clock or operating frequency, because of its narrower drive 

transistor widths, for example, a lower power core will consume less power than a higher power 

core. Because of the nan-ower drive transistor widths, however, the lower power core has a 

maximum operating frequency that is less than the maximum operating frequency of the higher 

power core. 

[0027] The import of the lower power core, however, is that the multi-processor is able to 

entertain a power management strategy that is the same/similar to already existing power 

management strategies, yet, still achieve an even lower power consumption in the lower/lowest 

performance/power states. Specifically, recall briefly power state 202 of Fig. 2 in which only 

one core is left operable (the remaining cores are disabled). Here, if the one remaining operable 

core is the low power core, the processor will exhibit even lower power consumption than the 

prior art low power state 202. 

[0028] The amount of reduced power savings 503 is directly observable in Fig. 5. Here, recall 

that all the processors were identical in the multi-processor that was discussed with respect to the 

prior art low power state 202 of Fig. 2. As such, even if the supply voltage and operating voltage 

was reduced to a minimum, the power consumption would be that of a higher power processor 

(e.g., having wider drive transistor widths). This operating point is represented by point 504 of 

Fig. 5. By contrast, in the lowest power operating state of the improved multi-processor, if the 
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operable core is a low power core it will consume power represented by point 505 of Fig. 5. As 

such, the improved processor exhibits comparatively lower power consumption at the 

lower/lowest performance operating states than the prior art multi-processor, while, at the same 

time, fully supporting the instruction set architecture the software is designed to operate on. 

[0029] Fig. 6 shows a power management process flow that can be executed, for example, with 

power management software that is running on the multi-processor (or another multi-processor 

or separate controller, etc.). Conversely, the power management process flow of Fig. 6 can be 

executed entirely in hardware on the multi-processor or by some combination of such hardware 

and software. 

[0030] According to the process flow of Fig. 6, from an initial state 601 where at least some 

high power processor cores and the low power core(s) are operating, in response to a continued 

drop in demand on the multi-processor, another high power core is disabled each time the 

continued drop in demand falls below some next lower threshold. For example, in a multi­

processor core having sixteen cores where fourteen cores are high power cores and two cores are 

low power cores, the initial state 601 may correspond to a state where seven of the high power 

cores and both of the low power cores are operational. 

[0031] In response to continued lower demand placed on the multi-processor, the seven high 

power cores will be disabled one by one with each new lower demand threshold 602. For 

instance, as observed at inset 610, demand level 611 justifies enablement of the seven high 

power cores and both low power cores. As the demand continually drops to a next lower 

threshold 612, one of the high power cores is disabled 613 leaving six operable high power cores 

and two low power cores. 

[0032] Before the high power core is disabled, as a matter of designer choice, the core's 

individual operating frequency, or the operating frequency of all (or some of) the enabled high 

power cores, or the operating frequency of all ( or some of) the enabled high power cores and the 

low power cores may be lowered to one or more lower operating frequency levels. 

[0033] A similar designer choice exists with respect to the supply voltages applied to the cores. 

That is, before the high power core is disabled, as a matter of designer choice, the core's 

individual supply voltage, or the supply voltage of all (or some of) the enabled high power cores, 

or the supply voltage of all (or some of) the enabled high power cores and the low power cores 

may be lowered to one or more lower supply voltages. Supply voltages may be lowered in 

conjunction with the lowering of operating frequency, or, just one or none of these parameters 

may be lowered as described above. 
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[0034] Eventually, with the continued drop in demand, the last remaining high power core will 

be disabled 615 after demand falls below some lower threshold 614. This leaves only the low 

power cores in operation. Operating frequency and/or supply voltage of the low power core(s) 

may likewise be lowered as demand continues to drop beneath level 614. With continued drop 

in demand a similar process of disabling cores as demand falls below each next lower demand 

threshold 604 continues until the multi-processor core is left with only one low power core 

remaining as its sole operating core 606. 

[0035] State 606 is reached of course with the disablement of the last high power core in 

implementations where the processor only has one lower power core. Again supply voltage 

and/or operating frequency of the sole remaining low power core may be lowered as demand 

continues to fall. Importantly, in state 606, as discussed above, the multi-processor will exhibit 

lower power consumption than other multi-processor cores having an identical power 

management scheme but whose constituent cores are all high power cores. Even lower power 

consumption can be provided for in state 606 if the sole operating low power core is provided 

with a lower supply voltage and/or lower operating frequency that the lowest operating supply 

voltage and/or operating frequency applied to the high power cores. 

[0036] No special adjustment needs to be made by or for application software, virtual machine 

or virtual machine monitor when the system is running only on the low power core(s) after all 

the high power cores are disabled. Again, the preservation of the same instruction core across all 

cores in the system corresponds to transparency from the software's perspective as to the 

underlying cores. Lower performance may be recognized with lower cores but no special 

adjustments as to the content of the instruction streams should be necessary. In various alternate 

implementations: 1) the hardware/machine readable firmware can monitor and control the core 

mix; or, 2) the hardware can relinquish control to the Operating system and let it monitor the 

demand and control the core mix. 

[0037] Fig. 7 shows essentially a reverse of the processes described above. As observed in Fig. 

7, starting from a state in which only a single low power core is operating 701 additional low 

power cores are enabled (if any more) 702 as demand on the multi-processor continually 

increases. Eventually, high power cores are enabled 703. Notably, the demand threshold needed 

to enable a next processor from an operating low power processor may correspond to a lower 

demand increment than the demand threshold needed to enable to a next processor from an 

operating high power processor. 

[0038] That is, inset 710 shows the increase in demand 711 needed after a low power processor 

is first enabled to trigger the enablement of a next processor in the face of increased demand. 
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The increase in demand 712 needed after a high power processer is first enabled to trigger 

enablement of a next high power processer in the face of increased demand is greater than the 

aforementioned demand 711. This is so because a high power processor is able to handle more 

total demand than a low power processor and therefore does not need to have additional "help" 

as soon as a low power processor does. 

[0039] Operating frequency and/or supply voltage may also be increased in conjunction with 

the enablement of cores in the face of increased demand in a logically inverse manner to that 

discussed above with respect to the disablement of cores. 

[0040] Fig. 8 shows a design process for designing a multi-core processor consistent with the 

principles discussed above. As part of the design process, high level behavioral descriptions 800 

(e.g., VHDL or Verilog descriptions) for each of the processor's cores are synthesized into a 

Register Transfer Level (RTL) netlist 801. The RTL netlist is synthesized 802 into 

corresponding higher power core gate level netlist(s) (one for each high power ore) with libraries 

corresponding to a higher power/performance design (such as logic circuits having wider d1ive 

transistors). The RTL netlist is also synthesized 803 into corresponding lower power core gate 

level netlist( s) ( one for each low power core) with libraries corresponding to a lower 

power/performance design (such as logic circuits having wider drive transistors). Here, the logic 

designs for the high power and low power cores are the same but the design of their 

corresponding logic circuits have different performance/power design points. 

[0041] The transistor level netlists for the respective cores are then used as a basis for 

performing a respective place, route and timing analysis 806 and design layout 807. Here, the 

lower power/performance cores may have more relaxed placement and timing guidelines owing 

to the larger permissible propagation delay through and between logic circuits. Said another 

way, recalling from the discussion of Fig. 3 that longer load lines result in slower rise and fall 

times, the lower perfonnance cores may permit longer load lines between transistors and gates 

because these cores are designed to have slower operation ( of course, if load lines are increased 

to much along with the inclusion of narrower drive transistors, the drop in performance may be 

more than desired). 

[0042] Upon completion of the layout and timing analysis, the cores are cleared for 

manufacture upon a clean manufacturing ground rule check 808. 

[0043] Processes taught by the discussion above may be performed with program code such as 

machine-executable instructions that cause a machine that executes these instructions to perform 

certain functions. In this context, a "machine" may be a machine that converts intermediate form 

(or "abstract") instructions into processor specific instructions (e.g., an abstract execution 
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environment such as a "virtual machine" (e.g., a Java Virtual Machine), an interpreter, a 

Common Language Runtime, a high-level language vi1iual machine, etc.)), and/or, electronic 

circuitry disposed on a semiconductor chip (e.g., "logic circuitry" implemented with transistors) 

designed to execute instmctions such as a general-purpose processor and/or a special-purpose 

processor. Processes taught by the discussion above may also be performed by (in the 

alternative to a machine or in combination with a machine) electronic circuitry designed to 

perform the processes ( or a portion thereof) without the execution of program code. 

[0044] It is believed that processes taught by the discussion above may also be described in 

source level program code in various object-orientated or non-object-orientated computer 

programming languages (e.g., Java, C#, VB, Python, C, C++, J#, APL, Cobol, Fortran, Pascal, 

Perl, etc.) supported by various software development frameworks (e.g., Microsoft Corporation's 

.NET, Mono, Java, Oracle Corporation's Fusion, etc.). The source level program code may be 

converted into an intermediate form of program code (such as Java byte code, Microsoft 

Intennediate Language, etc.) that is understandable to an abstract execution environment (e.g., a 

Java Virtual Machine, a Common Language Runtime, a high-level language virtual machine, an 

interpreter, etc.) or may be compiled directly into object code. 

[0045] According to various approaches the abstract execution environment may convert the 

intermediate form program code into processor specific code by, 1) compiling the intermediate 

form program code (e.g., at run-time (e.g., a JIT compiler)), 2) interpreting the intermediate form 

program code, or 3) a combination of compiling the intermediate form program code at run-time 

and interpreting the intermediate form program code. Abstract execution environments may mn 

on various operating systems (such as UNIX, LINUX, Microsoft operating systems including the 

Windows family, Apple Computers operating systems including MacOS X, Sun/Solaris, OS/2, 

Novell, etc.). 

[0046] An article of manufacture may be used to store program code. An article of 

manufacture that stores program code may be embodied as, but is not limited to, one or more 

memories (e.g., one or more flash memories, random access memories (static, dynamic or 

other)), optical disks, CD-ROMs, DVD ROMs, EPROMs, EEPROMs, magnetic or optical cards 

or other type of machine-readable media suitable for storing electronic instructions. Program 

code may also be downloaded from a remote computer (e.g., a server) to a requesting computer 

(e.g., a client) by way of data signals embodied in a propagation medium (e.g., via a 

communication link (e.g., a network connection)). 

[0047] In the foregoing specification, the invention has been described with reference to 

specific exemplary embodiments thereof. It will, however, be evident that various modifications 
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and changes may be made thereto without departing from the broader spirit and scope of the 

invention as set forth in the appended claims. 
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