Case 6:21-ov-00169-ADA Document 3 Filed 02/23/21 Page 1 of L

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Western District of Texas on the following

[] Trademarks or [V Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO, DATE FILED U.S. DISTRICT COURT
6:21-cv-00169 2/23/2021 Western District of Texas
PLAINTIFF DEFENDANT

SONRAI MEMORY LIMITED SAMSUNG ELECTRONICS CO., LTD.; SAMSUNG

ELECTRONICS AMERICA, INC.,

TRigg::/ITR%RN o. l)OpﬁT?R()AFDl;ﬁEEIE HOLDER OF PATENT OR TRADEMARK
1 6,874,014 3/29/2005 SONRAI MEMORY LIMITED
2 6,724,241 4/20/2004 SONRAI MEMORY LIMITED
3
4
5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
0 Amendment ] Answer O Cross Bill [ Other Pleading

TR/E);SEIE/ITR?(RN o. %AIQTlgR?AI;%ﬁEgIE HOLDER OF PATENT OR TRADEMARK
1
2
3
4
5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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Case 6:21-ov-00167-ADA Document 3 Filed 02/23/21 Page 1 of L

AO 120 (Rev. 08/10)

O Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Western District of Texas on the following
[] Trademarks or [V Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT

6:21-cv-00167 2/23/2021 Western District of Texas
PLAINTIFF DEFENDANT

SONRAI MEMORY LIMITED GOOGLE, LLC

PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 6,874,014 3/29/2005 SONRAI MEMORY LIMITED

2 6,724,241 4/20/2004 SONRAI MEMORY LIMITED

3

4

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
0 Amendment ] Answer O Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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Case 6:21-ov-00168-ADA Document 3 Filed 02/23/21 Page 1 of L

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Western District of Texas on the following

[] Trademarks or [V Patents. ( [] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
6:21-cv-00168 2/23/2021 Western District of Texas
PLAINTIFF DEFENDANT

SONRAI MEMORY LIMITED LG ELECTRONICS INC.; LG ELECTRONICS U.S.A,,

INC.
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 6,874,014 3/29/2005 SONRAI MEMORY LIMITED

2 6,724,241 4/20/2004 SONRAI MEMORY LIMITED

3

4

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
0 Amendment ] Answer O Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1

2

3

4

5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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&, PART B - FEE(S) TRANSMITTAL /
< .

! ith applicsble fee(s), to: Mail  Mail Stop ISSUE FEE
¢ and send this forin, together with applicable fee(s), to: Mail g% i ;, onser ety
Alexandr dria, Virginia 22313-1450

orFax  (703) 746-4000

TNSTRUCTIONS: Thu Form should be,used, for Gupsriming e ISSUB FEE and P’UBUCATIUN FEE (i roqured). Blowis. 5 ghould be wmpw
W&n %dvan devs and notification of matmenance fees wm miled :o l.hu mm correspondence as
e el S eiw B D O P T e e aenes addreess andor (b) IndbeAtng o spstate “FEE ADDRESS" for
nrainrenance fes patifications. — m .
CURRENT CORRESPONDENGE ADUILESS (Nt Ups Blatk | R iry chanipo of8000055) ota: A certificatn fmﬂj]u’ﬁ 'oe domestic m:ﬁ of the
i - Fee(s) : nﬂlﬁ T al:ca:ysn nmm ‘r‘ﬁi,tr :;g’ f:mal drawing, muj
7590 1272112004 Fove its own B o afmﬁm;urmm(ss
HEWLETT-PACKARD COMPANY ¢ Certificate of Mailing or Transmisslon
=t : thal ‘eanami d ith the United
Intellectusl Property Administration Lherey centify diat this Foe(s) Tean oﬁ!&oﬁg& A AP A s
P.O. Box 272400 S o 80 the bl § % or being facsimile
Fort Collins, CO 80527-2400 panmilted 2o e UIPTO (703) 746-4000, on the date in ba&w
Q (Depashor's name)

’}n——w (Sianaiuce)

[_1-25-05 — ' o)

| Arrucamionno. | PILING DATE | FIRST NAMED INVENTOR [ ATTORNEY DOCKETNC. | CONFIRMATIONNO, |
09/565,605 05/25/2001 Stepben B, Richantsan _ 10013854-1 4135

TITLE OF INVENTION: CHIP MULYIPROCESSOR WITR MULTIFLE OPRRATING SYSTEMS

| AFPLN.TYPE |  SMALLENTTTY | I55UE FER | PUBLICATIGNFEE | 7TOTALFEEG)DUE | DATE DUE i
oenprovisions] NO §1400 800 51700 03/21/2005
1 EXAMINER i ARTUNIT | crasssusctass |
MOAZZAMI, NASSER, G 2187 709-213000
of carrespondence 8ddrezs or indication af "Fee Address™ (37 lForpxinr.ingun the patent front page, list
CF‘R 63)- ’ . (l)memsﬁnfupm?«l istered potent ys )
Sﬂﬂl‘m or Chaep ('I“Wm Yo
Md?;mm PT% 22) (@) the pame of 2 smgle firm (having as beca 2
Q2 rEee Agdoess* indi (or "Fes Addrony® Tndication Serinicd aitamey oeagan) 2nd e narmes of Up (o

2 regi 4 of agents, If no name iz
ﬁg‘/SB/ Rev Mmmnml)mmmeo{lmw mewm\ww 2 3

3. ASSIGNEE NAME AND RESIDENGCE DATA TO BE PRINUED ON THE PATENT (print or type)
th is fdentified the document has d {
PI.EASE NOTE: Unless an Wﬂ!l M%BH&IEBNOT 2ta wil Nmur on ;ruw. I3 an agsignre entified below, been filed for

sct forth in 37 for filivg
A) NAMBOP ASSIGNEE (B) RESIDENCE: {CITY and STATE OR COUNTRY)
Honston, Texas

Hewlett-Packard Development Company, LP.
Please check the appropriate assignes cutegony oF eamgories (will ot be printed on the paosa): () Individual (3 Corporation or gther private group catity 1) Government

42 The following fee(s) aro enclazed: 4b. Payment of Fee(s):
Yssue Fec C) A check in the sraount of the foe(s) is eaclossd.
1B publication Fes (No smsll enity discount permitted) (d Pryseat by oredit casd, Fama PTO-2038 i stached.
R Advance Order - # of Copi The Ditesto nhu suthorized the requited foc(s), or eredit
e opics Depns ector i :by zed by charge requi a()hwpyoz‘g wnrgaymcnt,le

5. Ctange in Eatity Statas (from srams indicassd vbove)
Bl Appticant claims SMALL ENTITY status, See 37 CFR 127, (b, applicant is o Jonget elaiming SMALL ENTILY status, Sce 37 CER 1.27(2)(2):

The Director of the USPTO }ymclaml’cemd?uhhmmu?ee(ﬁm)orm ly sny previontly paid lssue fee 1o the application identified above,
NOTE: The Issue. D Pos (Eretitre ) v 25 e e o Tt s Drod Aeaamnry 0 REa oy e At et o ey BAAY &
interase as shown by the le:ékb of tha Ue;q(nd smes # 3pplicant 3 vegia oy o 5 6 e oF »

Authorizad s;w__fmw{ W Dtz 1-25-05
. LANGE

Typed or printed name Regiswation No. 27.296
Thit collsérion of i nuwumqwmdb /37 CFR 1311, The mformanon i3 1 obLain of remMn p be & public WhICh 12 to file (and by the USPTO to process
an #pp)) mﬁm.Conf?m %W ASUS.C. 2%163’1&’&1 14, ﬁ eollmon ﬁm&ﬁ neﬁtbg%\:ae compl“ ﬁh iy wss, mpt:tlx’ng. 3
submitling complemdapp ign fotmwmau mﬂgWum memmdw Any sonmemmofumcyou t com, mc
thiz form and/or sggestions for G&Thoumbemmxm e Chief tufonmarion Officer. usm:.m??r?&mom , U.S, ramerce, P.O,
Hox 1450 Alg B%W 223131 0. DO SEND FEES OR COMPLETED FORMS TO TH1S ADDRESS, SEND cmmwm?ms. P.O. Rax 1450
unwmevwmumm“was.u are required 1o rezpond W o collecion of infoamation unless is displays & valid OMB control number,
PTOL-85 (Rev. 1144) Approved (or use through 043072007, OMB 00510033  U.S, Parcmt and Tredemerk Office; 1.5, DAPARTMENT OF COMMERCE

01/26/200’5 WGEBRER2 00000110 082025 09863605 ,
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03 FC:8001 3,00 DA
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMI SSIONER FOR PATENTS
PO Box 1450
cxandna.Vlrnga 22313-1450
WWW.USPLo, o

NOTICE OF ALLOWANCE AND FEE(S) DUE

7590 1222112004 | EXAMINER |
HEWLETT-PACKARD COMPANY MOAZZAMI, NASSER G
Intellectual Property Administration )
P.O. Box 272400 | ART UNIT [ paperNUMBER |
Fort Collins, CO 80527-2400 2187

DATE MAILED: 12/21/2004

APPLICATION NO. L FILING DATE I FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. I CONFIRMATION NO. I
09/865,605 05/29/2001 Stephen E, Richardson 10013854-1 4135
TITLE OF INVENTION: CHIP MULTIPROCESSOR WITH MULTIPLE OPERATING SYSTEMS

| APPLN. TYPE [ SMALL ENTITY | ISSUE FEE L PUBLICATION FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional NO $1400 $300 $1700 03/21/2005

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

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 US.C. 151. THE ISSUE FEE DUE INDICATED ABOVE
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL
BE REGARDED AS ABANDONED. v

HOW TO REPLY TO THIS NOTICE:
I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:

SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A.Pay TOTAL FEE(S) DUE shown above, or

above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. 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.

HI. 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: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3

PTOL-85 (Rev. 11/04) Approved for use through 04/30/2007.

Apple
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail  Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax  (703) 746-4000

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requiqed{). 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 I for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying
Egpers. Each additional paper, such as an assignment or formal drawing, must

7590 . 1272172004 ve its own certificate of mailing or transmission.
HEWLETT-PACKARD COMPANY _ Certificate of Mailing or Transmission )
Fort Collins, CO 80527-2400 transmitted to the USPTO (?03) 746-4000, on the date indicated below,

(Depositor’s name)
(Signature)
(Date)
APPLICATION NO. FILING DATE I FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. CONFIRMATION NO.
09/865,605 05/29/2001 Stephen E. Richardson 10013854-1 4135
TITLE OF INVENTION: CHIP MULTIPROCESSOR WITH MULTIPLE OPERATING SYSTEMS
| APPLN, TYPE [ smaLLENTITY | ISSUE FEE | PuLICATION FEE ] TOTAL FEE(S) DUE | DATE DUE
nonprovisional NO $1400 $300 $1700 03/21/2005
[ EXAMINER | ART UNIT | cLass-suscLass |
MOAZZAMI, NASSER G 2187 709-213000
(lfp(éh?nag&c))f correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
b (1) the names of up to 3 registered patent attorneys 1

[ Change of correspondence address {or Change of Correspondence or agents OR, alternatively,
Address form PTO/5B/122) attached. (2) the name of a single firm (having as a membera 2

() "Fee Address” indication (or "Fee Address” Indication form registered attomey or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

hed

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

PLEASE NOTE: Unless an ass}gnee 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.

(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) : O Individual Q Corporation or other private group entity 3 Government

4a, The following fee(s) are enclosed: 4b. Payment of Fee(s):
[ Issue Fee [ A check in the amount of the fee(s) is enclosed.
[ publication Fee (No small entity discount permitted) a Payment by credit card, Form PTO-2038 is attached.
() Advance Order - # of Copies () The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number . (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Qe Applicant claims SMALL ENTITY status. See 37 CFR 1.27. D‘b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
The Director of the USPTO is requested to a?ply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attomey or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1,311, The information is recﬂlired to obtain or retain a benefit b}zl the public which is to file (and by the USPTO to process)
an application, Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14, This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vag depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or sn:iggcsupng for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S, Department of Commerce, P.O.
Box 1450, Alexandna, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,

Alexandria, Virginia 22313-1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number,

PTOL-85 (Rev. 11/04) Approved for use through 04/30/2007. OMB 0651-0033  U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UniTED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WwWWw.uspto.gov

| APPLICATION NO. [ FILING DATE ] FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO.T CONFIRMATION NO. ]
09/865,605 05/29/2001 Stephen E. Richardson 10013854-1 4135
7590 1212172004 ( EXAMINER |
HEWLETT-PACKARD COMPANY MOAZZAMI, NASSER G .
Intellectual Property Administration
P.O. Box 2724&)“3/ | ART UNIT |  PaErNUMBER |
Fort Collins, CO 80527-2400 2187

DATE MAILED: 12/21/2004

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

The Patent Term Adjustment to date is 627 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 627 day(s).

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 (703) 305-1383. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283.

Page 3 of 3

PTOL-85 (Rev. 11/04) Approved for use through 04/30/2007.
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Applicati n No. Applicant(s)

. . 09/865,605 RICHARDSON ET AL.
NOtlc OfAllowabI’Ity Examiner Art Unit
Nasser G Moazzami 2187

--Th MAILING DATE of this communication appears n the cover sheet with th 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
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X) This communication is responsive to 11/24/2004.
2. [X] The allowed claim(s) is/are 1-8 and 10-20 now renumbered to 1-19.
3. [X) The drawings filed on 05/29/2001 are accepted by the Examiner.

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

a)[(J Al b)[JSome* c)[]None ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. ___
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ___ '
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

6. (] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) O hereto or 2) [J to Paper No./Mail Date .

(b) (O including changes required by the attached Examiner’'s Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)
1. [0 Notice of References Cited (PTO-892) 5. [J Notice of Informal Patent Application (PTO-152)
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [J Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. [J Examiner's Amendment/Comment
Paper No./Mail Date
4. [ Examiner's Comment Regarding Requirement for Deposit 8. [J Examiner's Statement of Reasons for Allowance
of Biological Material 9.Jother____ .

NASSER MOAZZA!

%IMAHY EXAMINER

l A/ (&‘ { [ \f
U.S. Patent and Trademark Office

PTOL-37 (Rev. 1-04) N tice f Allowability Part of Paper No./Mail Date 20041215

Apple
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Applicati n No. Applicant(s)
lassificati
Issue Classification 09/865,605 RICHARDSON ET AL.
* O 9 8 6 5 6 O o o
Nasser G Moazzami 2187
o5*
ISSUE CLASSIFICATION
ORIGINAL CROSS REFERENCE(S)
CLASS SUBCLASS CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
709 213 709 222
INTERNATIONAL CLASSIFICATION 711 173
Alle F /1 169 713 2
/ 718 1
/ 719 313
/
/
— — , NASSER MOAZZAME Total Claims Allowed: 19
(Assistant Examiner)  (Date) PRIMARY EXAMINER
0.G. 0.G.
y 12-15-5% N 13/ 140y Print Claim(s) Print Fig.
{Legal Instruments Examiner) (Date) (Primary Examiner) (Date) 1 ‘ 3
D Claims renumbered in the same order as presented by applicant | [(] CPA T.D. [NR.1.47
- ® - ® - © — © — ® — © _ ©
® | C © | £ ® | £ © c ] c T | £ ® | £
16 “ 16 “18 S o} S 5
1 1 31 61 91 121 151 181
2 2 32 62 92 122 152 182
313 33 63 93 123 153 183
4 4 34 64 94 124 154 184
5 5 35 65 95 125 155 185
6 6 36 66 96 126 156 186
7 7 37 67 97 127 157 187
8 8 38 68 98 128 158 188
9 39 69 99 129 159 189
9 10 40 70 100 130 160 190
10 | 11 41 71 101 131 161 191
111 12 42 72 102 132 162 192
12 1 13 43 73 103 133 163 193
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HEWLETT-PACKARD COMPAN
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P.O. Box 272400

Fort Collins, Colorado 80527-2400
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s): Stephen E. RICHARDSON etal. Confirmation No.: 4135

Serial No.: 09/865,605 Examiner: Nasser G. Moazzami
Filed: May 29, 2001 Group Art Unit: 2187
Title: CHIP MULTIPROCESSOR WITH MULTIPLE OPERATING SYSTEMS

MAIL STOP AMENDMENT
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P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT UNDER 37 C.F.R. §1.111

Sir:
In response to the Official Action dated August 26, 2004, kindly amend the

application identified above as follows.
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PATENT Atty Docket No.: 10013854-1
App. Ser. No.: 09/865,605
IN THE CLAIMS:
Please find below a listing of all of the pending claims. The statuses of the claims are
set forth in parentheses.
1. (Currently Amended) A multiprocessing system comprising:
multiple processors mounted on a single die; and
multiple operating systems residing in a memory connected to said multiple
processors,
wherein each of said multiple processors executes an operating system of said

multiple operating systems, and two or more of said multiple processors are capable of

simultaneously executing two or more operating systems of said multiple operating systems.

2. (Currently Amended) The system of claim 1, wherein at least one of said
processors are is operable to execute two or more of said multiple operating systems

simultaneously.

3. (Currently Amended) The system of claim 2 1, wherein said multiple
processors are connected to said memory via a bus to execute said multiple operating

systems.

4. (Currently Amended) The system of claim 2 1, wherein said multiple

processors are directly connected to said memory to execute said multiple operating systems.
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PATENT Atty Docket No.: 10013854-1
- App. Ser. No.: 09/865,605
5. (Original) The system of claim 1, wherein each of said processors executes

a distinct operating system of said multiple operating systems.

6. (Original) The system of claim 1, further comprising multiple processor
groups, wherein each processor group includes at least two of said multiple processors

executing one of said multiple operating systems.

7. (Currently Amended) A multiprocessing system comprising:
a plurality of processor groups mounted on a single die; and
multiple operating systems residing in a memory connected to said groups,

wherein each of said groups executes an operating system of said multiple operating systems,

and two or more of said plurality of processor groups are capable of simultaneously executing

two or more operating systems of said multiple operating systems.

8. (Original) The system of claim 7, wherein each of said groups includes

multiple processors. -

9. (Canceled)

10. (Currently Amended) The system of claim 9 8, wherein said multiple
processors in each of said groups are connected to said memory via a bus to execute said

multiple operating systems.
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PATENT Atty Docket No.: 10013854-1
App. Ser. No.: 09/865,605

11. (Currently Amended) The system of claim 9 8, wherein said multiple

processors in each of said groups are directly connected to said memory to execute said

multiple operating systems.

12. (Original) The system of claim 7, wherein each of said groups executes a

distinct operating system of said multiple operating systems.

13. (Currently Amended) A multiprocessing apparatus comprising:
processor means for executing a plurality of operating system means, wherein
said processor means includes a plurality of processors mounted on a single die, and wherein

said processor means is operable to simultaneously execute two or more operating system

means of said plurality of operating system means; and

memory means for storing said plurality of operating system means.

14. (Original) The apparatus of claim 13, wherein said processor means is

connected to said memory means via a bus to execute said multiple operating systems.

15. (Original) The apparatus of claim 13, wherein said processor means is

directly connected to said memory means to execute said multiple operating systems.

16. (Original) The apparatus of claim 13, wherein each of said processors of
said processor means is operable to execute a distinct one of said plurality of operating

system means.

Apple
Page 18 of 121 Ex. 1004 - Page 18



PATENT Atty Docket No.: 10013854-1
App. Ser. No.: 09/865,605
17. (Original) The apparatus of claim 13, wherein said processor means
includes a plurality of processor group means, wherein each processor group means includes

at least two of said plurality of processors.

18. (Currently Amended) The apparatus of claim 43 17, wherein said plurality
of processor group means is operable to execute one or more of said plurality of operating

system means.

19. (Currently Amended) The apparatus of claim 13 17, wherein each of said
plurality of processor group means is operable to execute a distinct one of said plurality of

operating system means.

20. (Currently Amended) The apparatus of claim 13, wherein at least one of

said plurality of processors processer-means is operable to simultaneously execute each two

or more of said plurality of operating system means.
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PATENT Atty Docket No.: 10013854-1
App. Ser. No.: 09/865,605
REMARKS
Favorable reconsideration of this application is respectfully requested in view of the
following remarks. Claims 1-8 and 10-20 are pending in the present application, of which
claims 1, 7 and 13 are independent. By virtue of this amendment, claim 9 has been canceled,
and claims 1-4, 7, 10-11, 13 and 18-20 have been amended. No new matter has been added.
Claims 1-20 were rejected under 35 U.S.C. § 103(a) as allegedly being anticipated by
Applicant’s background (“the Background™), U.S. Patent No. 6,772,241 to George et al.

(“George™) and U.S. Patent No. 6,526,462 to Elabd.

Claim Rejection under 35 US.C. § 103

The test for determining if a claim is rendered obvious by one or more references for
purposes of a rejection under 35 U.S.C. § 103 is set forth in MPEP § 706.02(j):

To establish a prima facie case of obviousness, three basic criteria must be met. First,
there must be some suggestion or motivation, either in the references themselves or in the
knowledge generally available to one of ordinary skill in the art, to modify the reference or to
combine reference teachings. Second, there must be a reasonable expectation of success.
Finally, the prior art reference (or references when combined) must teach or suggest all the
claim limitations. The teaching or suggestion to make the claimed combination and the
reasonable expectation of success must both be found in the prior art and not based on
applicant's disclosure. In re Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991).

Therefore, if the above-identified criteria are not met, then the cited reference(s) fails
to render obvious the claimed invention and, thus, the claimed invention is distinguishable

over the cited reference(s).
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PATENT Atty Docket No.: 10013854-1
App. Ser. No.: 09/865,605

The Official action sets forth a rejection of claims 1-20 under 35 USC 103 (a) as
being allegedly unpatentable over the Background'of the present application, George and
Elabd. This rejection is respectfully traversed for at least the following reasons.

Initially, it is respectfully submitted that the Background does not disclose or teach
the subject matter of independent claims 1, 7 or 13. More specifically, the Background does
not disclose

multiple processors mounted on a single die; and

multiple operating systems residing in a memory connected to said
multiple processors,

wherein each of said multiple processors executes an operating system
of said multiple operating systems, and two or more of said multiple '
processors are capable of simultaneously executing two or more operating
systems of said multiple operating systems,

as recited in claim 1;

a plurality of processor groups mounted on a single die; and

multiple operating systems residing in a memory connected to said
groups,

wherein each of said groups executes an operating system of said
multiple operating systems, and two or more of said plurality of processor
groups are capable of simultaneously executing two or more operating systems
of said multiple operating systems,

as recited in claim 7; or

processor means for executing a plurality of operating system means,
wherein said processor means includes a plurality of processors mounted on a
single die, and wherein said processor means is operable to simultaneously
execute two or more operating system means of said plurality of operating
system means,
as recited in claim 13.

The Background recites that Fig. 1 shows “a computer system 100 having multiple

processors 10-40, each on a separate die (i.e., chip) 50-80, and connected to a single
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App. Ser. No.: 09/865,605
operating system 90 stored in a memory 95.” Page 1, lines 20-21. The Background does not
describe the claimed multiprocessor system on a single die.

George discloses “a method of and apparatus for selective delivery of an interrupt to
one of multiple processors having independent operating systems.” Abstract. George further
discloses a computer system 200 including a processor 210 and a co-processor 250. Col. 2,
lines 55-61. The co-processor 250 is configured to operate with a mini OS. Col. 3, lines 12-
14. The co-processor 250 is “configured as the master device” in the Limited ON mode and
in the Listen mode, when the processor 210 is off. Col. 3, lines 28-34. Thus, the two
processors are not simultaneously executing two or more operating systems in the Limited
ON and the Listen modes since the processor 210 is off.

In the Full ON mode, “processor 210 may function as a master device with co-
processor configured as a slave device.” Col. 3, lines 35-37. S.ince the co-processor is
configured as a slave device in the Full ON mode, the co-processor cannot execute an
independent operating system in the Full ON mode. For instance, after a sleep event is
detected, and a co-processor is determined to exist, the mini OS initializes. Col. 4, lines 23-
35.

Thus, George does not teach or suggest a multiprocessing system in which “two or
more of said multiple processors are capable of simultaneously executing two or more
operating systems of said multiple operating systems,” as recited in claim 1.

Further, George does not teach or suggest a multiprocessing system which comprises
“a plurality of processor groups mounted on a single die” where “two or more of said
plurality of processor groups are capable of simultaneously executing two or more operating

systems of said multiple operating systems,” as recited in claim 7.
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Also, George does not teach or suggest a multiprocessing apparatus where a
“processor means is operable to simultaneously execute two or more operating system means
of said plurality of operating system means,” as recited in claim 13.

The Examiner cites In re Larson, 340 F.2d 965, 968, 144 USPQ 347, 349 (CCPA
1965) to argue that “to make integral is not generally given patentable weight.” Office
Action, page 4, lines 3-4. In In re Larson, the prior art disclosed a brake disc and clamp
comprised of “several parts rigidly secured together as a single unit.” MPEP, 2144.04, V.B.
The court in In re Larson held “that the use of a one piece construction instead of the
structure disclosed in [the prior art] would be merely a matter of obvious engineering
choice.” Id. In the present case, neither the processors of the Background section nor the
processors of George are disclosed to be rigidly secured together as a single unit.

Further, multiple processors cannot be merely integrated together. Thus, it would not
be merely a matter of obvious engineering choice for a multiprocessing system to comprise
“multiple processors mounted on a single die.” Also, it would not merely be a matter of
obvious engineering choice for a multiprocessing system to comprise “multiple processors
mounted on a single die” where “each of said multiple processors executes an operating
system of said multiple operating systems,” as recited in claim 1. The Examiner has not
recited any teaching or suggestion of such a combination.

The Examiner cites Elabd as evidence that an entire system “can be implemented or
embedded on a single chip.” Col. 1, lines 27-29. However, in the passage cited by the
Examiner, Elabd does not discuss multiple operating systems. Thus, there is no teaching or
suggestion in the Background, George or Elabd as to how to implement, for example, a

multiprocessing system including multiple processors mounted on a single die “wherein each
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of said multiple processors executes an operating system of said multiple operating systems,
and two or more of said multiple processors are capable of simultaneously executing two or
more operating systems of said multiple operating systems.”

Further, none of the passages cited by the Examiner in the Background, George or
Elabd teaches or suggests a multiprocessor system where “two or more of said multiple
processors are capable of simultaneously executing two or more operating systems of said
multiple operating systems,” as recited in claim 1. Also, none of the cited passages teach or
suggest a multiprocessing system where “two or more of said plurality of processor groups
are capable of simultaneously executing two or more operating systems of said multiple
operating systems,” as recited in claim 7 or a multiprocessing apparatus where a “processor
means is operable to simultaneously execute two or more operating system means of said
plurality of operating system means,” as recited in claim 13. Thus, any alleged combination
of the Background, George and Elabd would not result in the subject matter recited in claims
1,7 or 13.

As discussed above, claims 1, 7 and 13 are patentable over the Background, George
and Elabd. Thus, claims 2-6, 8, 10-12 and 14-20, which depend from claims 1, 7 and 13, are
also patentable over the Background, George and Elabd. These claims are also allowable
over the references cited by the Examiner because cited references fail to teach or suggest the
elements recited in these claims. For instance, with respect to claim 2, the cited references
fail to teach or suggest that “at least one of said processors is operable to execute two or more

of said multiple operating systems simultaneously.”

10
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Conclusion

In light of the foregoing, withdrawal of the rejections of record and allowance of this
application are earnestly solicited.

Should the Examiner believe that a telephone conference with the undersigned would
assist in resolving any issues pertaining to the allowability of the above-identified
application, please contact the undersigned at the telephone number listed below. Please
grant any required extensions of time and charge any fees due in connection with this request
to deposit account no. 08-2025.

Respectfully submitted,

Stephen E. RICHARDSON et al.

Dated: November 24, 2004 By /\ rﬁ;\c) ( /é)\

Ashok Mannava
Registration No.: 45, 301

MANNAVA & KANG, P.C.
8221 Old Courthouse Road
Suite 104

Vienna, VA 22182

(703) 652-3822

(703) 991-1162 (fax)
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Application No. Applicant(s) N
09/865,605 RICHARDSON ET AL.
Office Action Summary Examiner Art Unit
Nasser G Moazzami 2187
-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

N Responsive to communication(s) filed on 16 July 2004.
2a)[] This action is FINAL. 2b)[ This action is non-final.
3)] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 1-20 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5)L1 Claim(s) is/are allowed. I
6)X Claim(s) 7-20 is/are rejected.
7)J Claim(s) _____is/are objected to.
8)[] Claim(s) ___ are subject to restriction and/or election requirement.

Application Papers

9)L] The specification is objected to by the Examiner.
10)[J The drawing(s) filed on is/are: a)[] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)lJAIl b Some * c)[] None of:
1.L] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.[J Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1D . Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)

2) [ Notice of Draftsperson's Patent Drawing Review (PT0-948) Paper No(s)/Mail Date. ______

3) [ Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) [ Notice of informal Patent Application (PTO-152)

Paper No(s)/Mail Date . 6)[ ] other: ____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 20040821
a
Rest Available Copy
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Application/Control Number: 09/865,605 Page 2
Art Unit: 2187

DETAILED ACTION

Response to Amendment
1. This Office Action is in response to applicant's amendment dated 07/16/2004 in
response to PTO Office Action dated 11/28/2003. The applicant’'s remarks and

amendment were considered with the results that follows.

2. Claims 1-20 have been presented in this application for examination. No claims

has been canceled or added. Therefore, claims 1-20 remain pending in the application.

~ Response to Arguments
3. Applicant's arguments with respect to claims 1-20 have been considered but are

moot in view of the new ground(s) of rejection.

Claim Rejections - 35 USC § 103
4. The following is a quotation of 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 of this title, 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.

5. Claims 1-20 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Applicant admitted Prior Art, hereinafter AAPA in view of George et al., hereinafter
George (U.S. Patent No. 6,772,241) and further in view of Elabd (U.S. Patent No.

6,526,462).
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As per claims 1-6, AAPA teaches a multiprocessing system comprising: multiple
processors [processors 10, 20, 30 and 40 (see Fig. 1)]; and an operating system
residing in a memory connected to said multiple processors [memory 95 and
operating system 90 (see Fig. 1)].

AAPA discloses the claimed invention, but fails to specifically teqch the computer
system have multiple operating system resided in the memory, wherein each of said
multiple processors execute an operating system of said multiple operating systems

George teaches a computer system having multiple processors running
independent operating systems, wherein each processor is configured to operate with

“an independent operating system [Microsoft Windows, real time operating system
or other operating systems (column 3, lines 17-24)]. George further discloses that
the processors are operable to execute two or more of said multiple operating systems
simultaneously [Full ON mode] since a single operating system may limit the flexibility
of the computer system [column 1, lines 27-28; column 2, lines 55-57; column 3,
lines 11-15 and column 3, lines 27-29)].

Accordingly, it would have been obvious to one having ordinary skill in the art to
include an operating system for each processor as being taught by George’s computer
system into the combination of the AAPA’s computer system in order to enhance the
computer system’s felexibility.

Combination of the AAPA and George teaches the claimed invention, but fails to

specifically teach that the multiple processors are embedded in a single die.
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As for multiple processors embedded in the same chip and multiple processors
are connected to said memory via a bus to execute said multiple operating systems (it is
noted that according to In re Larson 144 USPQ 347, CCPA 1965, to make integral is not
generally given patentable weight; in fact this decision was later upheld for the

integration of electrical components In re Tomoyuki Kohno 157 USPQ 275, CCPA 1968;

thus, for purposes of rejection, integration on the same chip is not seen to alter the
scope of the present claim), furthermore as it is evident by Elabd (U.S. Patent No.
6,526,462) an entire system (processors, memory, etc) can be implemented or

embedded on a single chip to produce a product that is smaller, faster, and more

eﬁiciéﬁi than tBesepar;teléproduct [column 1, lines 2:‘2-34]

Accordingly, it would have been obvious to one having ordinary skill in the art at
the time the current invention was made to integrate the plurality of processors onto a
single chip as being taught by Elabd. Since by doing so, it would decrease the distance
between elements that allowing for faster access, decreasing the size of the overall
system space and power requirements, therefore being advantageous.

As per claims 7-20, claims 7-20 encompass the same scope of the invention as
those of claims 1-6 in addition of some units and means for performing the above said
functions as being stated above with respect ton claims 1-6. Therefore, claims 7-20 are
rejected for the same reasons as stated above with respect to claims 1-6.

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

applicant's disclosure.
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U.S. Patent No. 6,108,731 (Suzuki et al.)

U.S. Patent No. 5,513,346 (Satagopan et al.)

7. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Nasser G Moazzami whose telephone number is (703)
305-0017. The examiner can normally be reached on 7:00AM-5:30PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Donald Sparks can be reached on (703) 308-1756. The fax phone number

for the organization where this application or proceeding is assigned is 703-872-9306.

8. 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).

NASSER MOAZZAM!
PRIMARY EXAMINEF

\_,_;"\__\_,
08/23/2004
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HEWLETT-PACKARD COMPANY":‘ ‘2, Atty Docket No.: 10013854-1
Intellectual Property Administration "-,\ C
P.O. Box 272400 . Call

Fort Collins, Colorado 80527-2400

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s): Stephen E. RICHARDSON et al. Confirmation No.: 4135

Serial No.: 09/865,605 Examiner: Nasser G. Moazzami
Filed: May 29, 2001 Group Art Unit: 2187
Title: CHIP MULTHPROCESSOR WITH MULTIPLE OPERATING SYSTEMS

MAIL STOP AMENDMENT RECEIVED

Commissioner for Patents

P.O. Box 1450 JUL 2 0 2004
Alexandria, VA 22313-1450
Technology Center 2100

REQUEST FOR RECONSIDERATION

Sir:
Applicants respectfully submit this Request for Reconsideration in response to the

Official Action mailed on April 16, 2004.
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Inventor(s): Stephen E. RICHARDSON et al. Confirmation No.: 4135
Application No.: 09/865,605 Examiner: Nasser Moazzami
Filing Date: May 29, 2001 Group Art Unit: 2187
Title: CHIP MULTHIPROCESSOR WITH MULTIPLE OPERATING SYSTEMS

' RECEIVED

Commissioner for Patents

PO Box 1450 JUL 2 0 2004

Alexandria, VA 22313-1450
Technology Center 2100
TRANSMITTAL LETTER FOR RESPONSE/AMENDMENT

Sir:
Transmitted herewith is/are the following in the above-identified application: /
{X) Response/Amendment { ) Petition to extend tipne to respond
{ } New fee as calculated below { ) Supplemental Declaration
{X} No additional fee (Address envelope to "Mail Stop Non-Fee Amendment")
{ } Other: (fee $ )
CLAIMS AS AMENDED BY OTHER THAN A SMALL ENTITY
(&} (2) (3} (4} (5) {6} {7)
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pursuant to 37 CFR 1.25. Additionally please charge any fees to Deposit Account 08-2025 under 37
CFR 1.16 through 1.21 inclusive, and any other sections in Title 37 of the Code of Federal Regulations
that may regulate fees. A duplicate copy of this sheet is enclosed.

Respectfully submitted,
| hereby certify that this correspondence is being

deposited with the United States Postal Service as Stephen E. RICHARDSON et al.
first class mail in an envelope addressed to:

Commissioner for Patents, Alexandria, VA - m#r ‘4}
22313-1450. By .l o I3
v

Date of Deposit: Ashok K. Mannava
Typed Name: Attorney/Agent for Applicant(s}
Reg. No. 45,301
Signature:
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PATENT
Attorney Docket No.: 10013854-1

In The U.S. 'Patent and Trademark Office
In Re the Application of:

[} <
"€ Rapc™

Inventor(s): . Stephen E. RICHARDSON etal. Confirmation No.: 4135

Serial No.: 09/865,605 Examiner: Nasser G. Moazzami
) Filed: May 29, 2001 Group Art Unit: 2187
v Title: CHIP MULTIIPROCESSOR WITH MULTIPLE OPERATING SYSTEMS
MAIL STOP AMENDMENT RECEIVED
Commissioner for Patents - 2004
P.0. Box 1450 JuL 20

Alexandria, VA 22313-1450 Technology Center 2100

CERTIFICATE OF HAND-DELIVERY WITH THE USPTO

I hereby certify that this correspondence is being deposited with the United States

Patent and Trademark Office. This correspondence contains the following document(s):

1 sheet of Transmittal Letter for Response/Amendment (2 copies).

10 sheets of Request for Reconsideration.

Respectfully submitted,

MANNAVA & KANG, P.C.

: Tnothy Kasg
On July 16, 2004 ﬁé /%" 2:;0#{ 42 423

Ashok Mannava
Registration No.45,301

MANNAVA & KANG, P.C.
281 Murtha Street
Alexandria, VA 22304

(703) 628-1461

(703) 991-1162 (facsimile)
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App. Ser. No.: 09/865,605
IN THE CLAIMS:
Please find below a listing of all of the pending claims. The statuses of the claims are
set forth in parentheses.
1. (Original) A multiprocessing system comprising:
multiple processors mounted on a single die; and
multiple operating systems residing in a memory connected to said multiple
processors,
wherein each of said multiple processors executes an operating system of said

multiple operating systems.

2. (Original) The system of claim 1, wherein said processors are operable to

execute two or more of said multiple operating systems simultaneously.

3. (Original) The system of claim 2, wherein said multiple processors are

connected to said memory via a bus to execute said multiple operating systems.

4. (Original) The system of claim 2, wherein said multiple processors are

directly connected to said memory to execute said multiple operating systems.

5. (Original) The system of claim 1, wherein each of said processors executes

a distinct operating system of said multiple operating systems.

Apple
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6. (Original) The system of claim 1, further comprising multiple processor
groups, wherein each processor group includes at least two of said multiple processors

executing one of said multiple operating systems.

7. (Original) A multiprocessing system comprising;:
a plurality of processor groups mounted on a single die; and
multiple operating systems residing in a memory connected to said groups,

wherein each of said groups executes an operating system of said multiple operating systems.

8. (Original) The system of claim 7, wherein each of said groups includes

multiple processors.

9. (Original) The system of claim 8, wherein said groups are operable to

execute two or more of said multiple operating systems simultaneously.

10. (Original) The system of claim 9, wherein said multiple processors in each
of said groups are connected to said memory via a bus to execute said multiple operating

systems.

11. (Original) The system of claim 9, wherein said multiple processors in each
of said groups are directly connected to said memory to execute said multiple operating

systems.
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12. (Original) The system of claim 7, wherein each of said groups executes a

distinct operating system of said multiple operating systems.

13. (Original) A multiprocessing apparatus comprising:
processor means for executing a plurality of operating system means, wherein
said processor means includes a plurality of processors mounted on a single die; and

memory means for storing said plurality of operating system means.

14. (Original) The apparatus of claim 13, wherein said processor means is

connected to said memory means via a bus to execute said multiple operating systems.

15. (Original) The apparatus of claim 13, wherein said processor means is

directly connected to said memory means to execute said multiple operating systems.

16. (Original) The apparatus of claim 13, wherein each of said processors of
said processor means is operable to execute a distinct one of said plurality of operating

system means.

17. (Original) The apparatus of claim 13, wherein said processor means
includes a plurality of processor group means, wherein each processor group means includes

at least two of said plurality of processors.
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18. (Original) The apparatus of claim 13, wherein said plurality of processor

group means is operable to execute one or more of said plurality of operating system means.

19. (Original) The apparatus of claim 13, wherein each of said plurality of
processor group means is operable to execute a distinct one of said plurality of operating

system means.

20. (Original) The apparatus of claim 13, wherein said processor means is

operable to simultaneously execute each of said plurality of operating system means.
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REMARKS

Favorable reconsideration of this application is respectfully requested in view of the
following remarks. Claims 1-20 are pending in the present application, of which claims 1, 7
and 13 are independent.

Claims 1-20 were rejected under 35 U.S.C. § 102(a) as allegedly being anticipated by
Applicant’s background (“the Background”) and U.S. Patent No.6,075,938 to Bugnion et al.

(“Bugnion™).

Claim Rejection under 35 US.C. § 102

The test for determining if a reference anticipates a claim, for purposes of a rejection
under 35 U.S.C. § 102, is whether the reference discloses all the elements of the claimed
combination, or the mechanical equivalents thereof functioning in substantially the same way
to produce substantially the same results. As noted by the Court of Appeals for the Federal
Circuit in Lindemann Maschinenfabrick GmbH v. American Hoist and Derrick Co., 221
USPQ 481, 485 (Fed. Cir. 1984), in evaluating the sufficiency of an anticipation rejection

under 35 U.S.C. § 102, the Court stated:

Anticipation requires the presence in a single prior art reference

disclosure of each and every element of the claimed invention,

arranged as in the claim.
Therefore, if the cited reference does not disclose each and every element of the claimed
invention, then the cited reference fails to anticipate the claimed invention and, thus, the
claimed invention is distinguishable over the cited reference.

The Official Action sets forth a rejection of claims 1-20 under 35 USC 102 (a) as

allegedly being anticipated by the Background of the present application and the disclosure

6
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contained in Bugnion. This rejection is respectfully traversed for at least the following
reasons.

Initially, it is respectfully submitted that the Background does not anticipate the
subject matter of independent claim 1. More specifically, the Background does not disclose
“multiple processors mounted on a single die; and multiple operating systems residing in a
memory connected to said multiple processors,” as recited in claim 1. Instead, the
Background discloses a scheme including multiple processors on a single die and recites that
Bugnion discloses multiple operating systems. Page 2, lines 1-23. However, these are two
different approaches, and thus can not anticipate the invention of claim 1. Further, the
Background goes on to say that Bugnion “fails to provide multiple physical processors,
implemented in hardware, on a single die.” Page 2, lines 20-21. The backgrouﬁd further
states, in referring to Bugnion, that “if this architecture were to support multiple physical
processors, it would need space for providing multiple dies.” Page 3, lines 1-2. Thus, claim
1 is not anticipated by the Background.

The Examiner switches between different approaches mentioned in the Background to
reject claims 2-6. For example, the Examiner refers to Bugnion to reject claims 2, 5 and 6;
Fig. 2 of the Application to reject claim 3; and Fig. 1 of the Application to reject claim 4.
These represent three different approaches. For example, Bugnion discloses a layer of
software between the hardware and operating system for scalable multiprocessor machines
that “acts like a virtual machine monitor.” Col. 4, lines 6-16. Fig. 2 shows a multiprocessing
scheme including multiple processors on a single die, but connected to a single operating

system 250. Background, page 2, lines 1-7. Fig. 1 shows a multiprocessing schéme “having
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multiple processors 10-40, each on a separate die (that is, chip) 50-80, and connected to a
single operating system 90 stored in memory 95. Background, page 1, lines 19-22.

As discussed above, claim 1 is not anticipated by the Background. Thus, claims 2-6
are not anticipated by different approaches recited in the Background and Bugnion. For
example, Bugnion does not disclose “multiple processors mounted on a single die,” as recited
in claim 1. Thus, claims 2, 5 and 6 are not anticipated by Bugnion. Fig. 2 does not disclose
“operating systems residing in a memory connected to said multiple processors” (as recited in
claim 1) since Fig. 2 shows a single operating system. Thus, claim 3 is not anticipated by
Fig. 2. Further, Fig. 1 does not disclose “multiple processors mounted on a single die” (as
recited in claim 1) since it shows multiple processors each on a separate die. Thus, claim 4 is
not anticipated by Fig. 1.

Therefore, independent claim 1 and its dependent claims 2-6 are believed to be
allowable over both the Background and Bugnion.

The Official Action does not specifically reject claims 7-20. However, neithér the
Background nor Bugnion discloses “a plurality of processor groups mounted on a single die;
and multiple operating systems residing in a memory connected to said grodps,” as recited in
claim 7 or “processor means for executing a plurality of operating system means, wherein
said processor means includes a plurality of processors mounted on a single die” as recited in
claim 13. Neither the Background nor Bugnion discloses the combination of multiple
processors on a single die nor multiple operating systems connected to the multiple
processors, as discussed above. Thus, neither the Background nor Bugnion discloses

processor means for executing a plurality of operating system means, wherein the processor
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means includes a plurality of processors mounted on a single die. Therefore, neither the
Background nor Bugnion anticipates claim 13.

Further, because neither the Background nor Bugnion discloses multiple processors
on a single die in combination with multiple operating systems connected to the multiple
processors, neither the Background nor Bugnion discloses the combination of a plurality of
processor groups mounted on a single die and multiple operating systems residing in a
memory connected to those groups. Therefore, neither the Background nor Bugnion
anticipates claim 7.

Therefore, claims 7, 13 and their dependent claims 8-12 and 14-20 are believed to be
allowable over both the Background and Bugnion. Although Applicants believe that neither
the Background nor Bugnion disclose the features of dependent claims 8-12 and 14-20,

Applicants respectfully reserve the right to pursue such arguments at a later date.

Conclusion

In light of the foregoing, withdrawal of the rejections of record and allowance of this
application are earnestly solicited.

Should the Examiner believe that a telephone conference with the undersigned would

assist in resolving any issues pertaining to the allowability of the above-identified
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application, please contact the undersigned at the telephone number listed below. Please
grant any required extensions of time and charge any fees due in connection with this request
to deposit account no. 08-2025.
Respectfully submitted,

Stephen E. RICHARDSON et al.

- . Tvolhy &
Dated: July 16, 2004 By /(% ’[y 4?. AZ 6/[,2/.)3

Ashok Mannava
Registration No.45,301

MANNAVA & KANG, P.C.
281 Murtha Street
Alexandria, VA 22304

(703) 628-1461

(703) 991-1162 (facsimile)
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UNITED STATES PATENT AND TRADEMARK OFFICE
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United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
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WWW.uSpto.gov
[ APPLICATIONNO. | FILING DATE | FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO, | CONFIRMATION NO. |
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Intellectual Property Administration ) .
P.O. Box 272400 [ ART UNIT PAPER NUMBER
Fort Collins, CO 80527-2400 2187 5

DATE MAILED: 04/16/2004

Please find below and/or attached an Office communication concerning this application or proceeding.
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Application No. Applicant(s}
- 09/865,605 RICHARDSON ET AL,
Office Action Summary Examiner Art Unit
Nasser G Moazzami 2187

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mallmg date of this communication.
- [f the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

N Responsive to communication(s) filed on 29 May 2001.
2a)]] This action is FINAL. 2b)X This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.
Disposition of Claims

4)X] Claim(s) 1-20 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) is/are allowed.
6)BJ Claim(s) 1-20 is/are rejected.
7)J Claim(s) is/are objected to.

8] Claim(s) are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)_] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)lJAlIl  b)[] Some * ¢)[J None of:
1.[] Certified copies of the priority documents have been received.
2] Certified copies of the priority documents have been received in Application No —_—
3.[]] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
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Application/Control Number: 09/865,605 Page 2
Art Unit: 2187

DETAILED ACTION

Information Disclosure Statement
1. The Information Disclosure Statement submitted by applicant on 08/29/2001 has

been considered. Please see attached PTO-1449.

Claim Rejections - 35 USC § 102
2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a) the invention was known or used by others in this country, or patented or described in a printed
publication in this or a foreign country, before the invention thereof by the applicant for a patent.

3. Claims 1-20 are rejected under 35 U.S.C. 102(a) as being anticipated by

Applicant admitted Prior Art, hereinafter AAPA.

As per claim 1, AAPA teaches a multiprocessing system comprising: multiple
prbcessors mounted on a single die [chip multiprocessor 295 includes multiple
processors 210-240 on a single die 290 (see page 2, lines 2-3)]; and multiple
operating systems residing in a memory connected to said multiple processors, wherein

each of said multiple processors executes an operating system of said multiple
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' Application/Control Number: 09/865,605 - Page 3
Art Unit: 2187

operating systems [multiple processors executing multiple operating systems

(page 2, lines 18-19)].

As per claim 2, AAPA discloses that said processors are operable to execute two
or more of said muitiple operating systems simultaneously [Bugnion discloses that
multiple operating systems can run simultaneously (see Bugnion, column 5, lines

62-63)].

As per claim 3, AAPA discloses that said multiple processors are connected to
said memory via a bus to execute said multiple operating systems [see Fig. 2 of

AAPA].

As per claim 4, AAPA discloses that said multiple processors are directly
connected to said memory to execute said multiple operating systems [see Fig. 1 of

AAPA].

As per claim 5, AAPA discloses that each of said processors executes a distinct
operating system of said multiple operating systems [running different operating
systems, wherein each virtual machine is configured with the resources that the

operating system can handle (see Bugnion, column 4, lines 46-48)].
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Art Unit: 2187

As per claim 6, AAPA discloses that the system further comprising multiple
processor groups, wherein each processor group includes at least two of said multiple
processors executing one of said multiple operating systems [some virtual machines
can run commodity uniprocessor or multiprocessor operating systems (see

Bugnion, column 4, lines 32-33)].

As per claims 7-20, claims 7-20 encompass the same scope of the invention as
those of claims 1-6 in addition of some units and means for performing the above said
functions as being stated above with respect ton claims 1-6. Therefore, claims 7-20 are

rejected for the same reasons as stated above with respect to claims 1-6.

Conclusion

4. The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.

U.S. Patent No. 6,658,591 (Arndt)

U.S. Patent No. 6,314,501 (Gulick et al.)

U.S. Patent No. 5,446,841 (Kitano et al.)

U.S. Patent No. 5,301,324 (Dewey et al.)

U.S. Patent No. 5,201,040 (Wada et al.)

U.S. Patent No. 4,709,325 (Yajima)
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Application/Control Number: 09/865,605 Page 5
Art Unit: 2187
5. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Nasser G Moazzami whose telephone number is (703)
305-0017. The examiner can normally be reached on 7:00AM-5:30PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Donald Sparks can be reached on (703) 308-1756. The fax phone number

for the organization where this application or proceeding is assigned is 703-872-9306.

6. 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).

MOAZZAMI

PRIMARY EXAMINER
0471472004
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Record Display Form ' . Page 1 of 2
First Hit  Fwd Refs

L5: Entry 1 of 6 File: USPT Feb 4, 2003

DOCUMENT-IDENTIFIER: US 6516372 Bl
TITLE: Partitioning a distributed shared memory multiprocessor computer to facilitate
selective hardware maintenance

Abstract Text (1):

A distributed shared memory multiprocessor computer system is provided, which has a
number of processors and is divided into partitions. Each partition has within it cne or
more of the processors, and may also have memory or cache and other related hardware.
Although each partition works together and communicates with other partitions to share
computational load, the partitions each are independently operable and execute an
independent copy of the operating system. The partitions comprise additional features to
enable removal of a partition from the operating computer system, and to enable insertion
of hardware into the operating computer system.

Brief Summary Text (14):

A distributed shared memory multiprocessor computer system is provided, which has a
number of processors and is divided into partitions. Each partition has within it one or
more of the processors, and may also have memory or cache and other related hardware.
Although each partition works together and communicates with other partitions to share
computational load, the partitions each are independently operable and execute an
independent copy of the operating system. The partitions comprise additional features as
described herein, to enable removal of a partition from the operating computer system,
and to enable insertion of hardware into the operating computer system.

CLAIMS:

1. A distributed shared memory multiprocessor computer system, comprising: a plurality of
processors; a plurality of partitions, each of which comprises one or more of the
plurality of processors, executes an_operating system independent of other partitions,
and is independently removable from and insertable into the computer system while the
computer system remains in operation; a system interconnection network, linking the
plurality of partitions; a control module, operable to disable hardware before removal
from the operating computer system and to enable hardware after insertion into the
operating computer system; and a reset fence that prevents partition reset signals from
propagating outside the partition.

7. A distributed shared memory multiprocessor computer system, comprising: a plurality of
processors; a plurality of partitions, each of which comprises one or more of the
plurality of processors, executes an_operating system independent of other partitions,
and is independently removable from and insertable into the computer system while the
computer system remains in operation, wherein each partition further comprises one or
more c-bricks, each c-brick comprising one or more processors, and each partition further
comprises one or more routers, such that each router is connected to one or more c-bricks
and to at least one other router; a system interconnection network, linking the plurality
of partitions; a control module, operable to disable hardware before removal from the
operating computer system and to enable hardware after insertion into the operating
computer system.

8. A distributed shared memory multiprocessor computer system, comprising: a plurality of
processors; a plurality of partitions, each of which comprises one or more of the
plurality of processors, executes an_operating system independent of other partitions,
and is independently removable from and insertable into the computer system while the

s 18:9000/ /. ?=o0&s = 5r .22.1%4E NAME=K IC& M ss =& M .. 4/13/04
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Record Display Form ' Page 2 of 2

computer system remains in operation; a system interconnection network, linking the
plurality of partitions; and a control module operable to disable hardware before removal
from the operating computer system and to enable hardware after insertion into the
operating computer system, wherein the control module is further operable to tristate
connections between the partition and the computer system such that the computer system
is logically detached from the partition.

9. A distributed shared memory multiprocessor computer system, comprising: a plurality of
processors; a plurality of partitions, each of which comprises one or more of the
plurality of processors, executes an_operating system independent of other partitions,
and is independently removable from and insertable into the computer system while the
computer system remains in operation; a system interconnection network, linking the
plurality of partitions; and a control module, operable to disable hardware before
removal from the operating computer system and to enable hardware after insertion into
the operating computer system, wherein the control module is further operable to handle
errors generated as a result of removal of hardware.

11. A distributed shared memory multiprocessor computer system, comprising: a plurality
of processors; a plurality of partitions, each of which comprises cne or more of the
plurality of processors, executes an_operating system independent of other partitions,
and is independently removable from and insertable into the computer system while the
computer system remains in operation; a system interconnection network, linking the
plurality of partitions; a control module operable to disable hardware before removal
from the operating computer system and to enable hardware after insertion into the
operating computer system; and a cache, wherein the cache is not coherent with cache in
other partitions, so that removal of one cache from an operating computer system will not
result in the computer system crashing.
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Record Display Form . . Page 1 of 1
First Hit ~ Fwd Refs

L5: Entry 2 of 6 File: USPT Jun 13, 2000

DOCUMENT-IDENTIFIER: US 6075938 A
TITLE: Virtual machine monitors for scalable multiprocessors

Brief Summary Text (6):

The second approach to dealing with the system software challenges of scalable shared-
memory multiprocessoxrs is to statically partition the machine and run multiple,
independent operating systems that use distributed system protocols to export a partial
single system image to the users. An example of this approach is the Sun Enterprisel0000
machine that handles software scalability and hardware reliability by allowing users to
hard partition the machine into independent failure units each running a copy of the
Solaris operating system. Users still benefit from the tight coupling of the machine, but
cannot dynamically adapt the partitioning to the load of the different units. This
approach favors low implementation cost and compatibility over innovation. Digital's
announced Galaxies operating system, a multi-kernel version of VMS, also partitions the
machine relatively statically like the Sun machine, with the additional support for
segment drivers that allow applications toc share

Drawing Description Text (2): .

FIG. 1 is a schematic diagram illustrating the architecture of a computer system
according to the invention. Disco, a virtual machine monitor, is a software layer between
a multiprocessor hardware layer and multiple virtual machines that run independent
operating systems and application programs.

Detailed Description Text (57):

Using this mechanism, multiple virtual machines accessing a shared disk end up sharing
machine memory, The copy-on-write semantics means that the virtual machine is unaware of
the sharing with the exception that disk requests can finish nearly instantly. Consider
an environment running multiple virtual machin es for scalability purposes. All the
virtual machines can share the same root disk containing the kernel and application
programs. The code and other read-only data stored on the disk will be DMA-ed into memory
by the first virtual machine that accesses it. Subsequent requests will simply map the
page specified to the DMA engine with out transferring any data. The result is shown in
FIG. 4 where all virtual machines share these read-only pages. Effectively we get the
memory sharing patterns expected of a single shared memory multiprocessor operating
system even though the system runs multiple independent operating systems.
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Record Display Form . . Page 1 of 1
First Hit  Fwd Refs

L5: Entry 3 of 6 File: USPT Dec 31, 1996

DOCUMENT-IDENTIFIER: US 5590301 A
TITLE: Address transformation in a cluster computer system

Detailed Description Text (10):

The 30-bit register 15 in the primary cache of the CPU 11 can specify one gigabyte of
address locations which is the family limit of the exemplary CPUs. There is value in
reserving a portion of the addressable space in main memory 8 to the private use of the
CPUs on each multiprocessor board for, among other reasons, permitting each .
multiprocessor board to operate under an independent operating system. (These_ independent
operating systems may be the same or different operating systems.) On the other hand,
there is a need for establishing direct communication among the clusters and CPUs
operating under the different operating systems in order that they can function with the
full power of a cluster system architecture. One way in which this feature can be
achieved is by providing shared memory space in main memory 8.
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First Hit  Fwd Refs

L5: Entry 4 of 6 File: USPT Aug 29, 18995

DOCUMENT-IDENTIFIER: US 5446841 A
TITLE: Multi-processor system having shared memory for storing the communication
information used in communicating between processors

Brief Summary Text (4):

On the other hand, for example to an information processing system in which a plurality
of processors are operated by independent operating systems, respectively, and are
loosely coupled to one another through a common memory (shared memory), is described in
Japanese patent un-examined publication No. JP-A-64-78361 (corresponding to copending
U.S. patent application Ser. No. 07/209,073 filed Jun. 20, 1988), U.S. Pat. No.
5,201,040. In JP-A-64-78361, it is described that an instruction equal to a signal
processor instruction, used for communication between the processors, is used between the
processors by the loosely coupled multi-processor system through the shared memory to
perform the communication. However, it is not described that a processor number and a
shared memory number are dynamically changed to perform the communication. Further, in
JP-A-64-78361, it is not also described that when a processor of a virtual machine
(hereinafter, referred to as simply "a virtual processor™ when applicable) simulated on a
real machine performs the communication with another 10 virtual processor through the
shared memory, that communication is performed without reading out the storage data of
the shared memory in order to recognize a virtual processor number.
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L5: Entry 5 of 6 File: USPT Apr 5, 1994

DOCUMENT-IDENTIFIER: US 5301324 A
TITLE: Method and apparatus for dynamic work reassignment among asymmetric, coupled
processors

Detailed Description Text (15):

FIG. 1 shows the system environment within which the present invention operates. FIG. 1
shows a tightly coupled multiprocessor system consisting of four processors (CPUs),
processor W, 100, processor X, 101, processor Y, 102, processor Z, 103, sharing a common
memory, 130. Each of the processors, 100-103, contain features, 110, 111, 112, 113.
Processor W, 100 contains features C and E, 110. Processor X, 101, contains features A
and D, 111. Processor Y, 102, contains features B, C, and D, 112. Processor 2, 103,
contains features A and B, 113. Each of the processors are currently executing work
units. The work units are, WU4, 120, on processor W, 100, WU3, 121 on processor X, 101,
Wul, 122, on Processor Y, 102, and WU2, 123, on Processor Z, 103. Shown as residing in
the common memory, 130, are key data for assigning work units to processors, 131, 132,
and 133. These data are the Work Unit Table, 131, the Ready Queue, 132, and the Processor
Feature table, 133. In the preferred embodiment the multiprocessor computing system as
shown is executing with a hypervisor, 140, such as IBM's Processor Resource/System
Manager, PR/SM, facility in Logical Partitioning, LPAR, mode. The Assignment means, 141,
and the Promotion mechanism, 142, are, in the preferred embodiment, a program within the
hypervisor. In this example the work units being assigned are actually operating systems
which are independent of each other. The invention works equally as well, in an
alternative embodiment, in a multiprocessor computing system environment running under
control of an operating system, such as IBM's MVS/ESA. In this case the Assignment means
and the Promotion mechanism are within the operating system and the work units are tasks,
address spaces or jobs. The processors use conventional communication paths for
signalling each other.
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End of Resolt Set

L5: Entry 6 of 6 File: USPT Nov 24, 1987

DOCUMENT-IDENTIFIER: US 4709325 A
TITLE: Loosely coupled multiprocessor system capable of transferring a control signal set
by the use of a common memory

Brief Summary Text (3):

A conventional loosely coupled multiprocessor system of the type described is disclosed
by James A. Katzman in "A Fault-Tolerant Computing System" published on January, 1979
(first revision), by Tandem Computers Inc., Calif. The conventional loosely coupled
multiprocessor system comprises a plurality of processor units having_independent
operating systems and a plurality of peripheral devices used by the processor units in
common. At any rate, each of the processor units can individually carry out a processing
operation by the use of a set of control signals.

Detailed Description Text (2):

Referring to FIG. 1, a loosely coupled multiprocessor system according to a first
embodiment of this invention comprises first and second processor units 11 and 12 which
individually have independent operating systems in the manner known in the art. Each of
the first and the second processor units 11 and 12 is operable in accordance with a
predetermined program which is similar for the processor units 11 and 12. The program of
each processor unit 11 and 12 is executed by using a set of control signals variable with
time to process a job imposed on each processor unit 11 or 12. Therefore, the control
signal sets of the first and the second processor units 11 and 12 are different from each
other and will be referred to as first and second control signal sets, respectively. The
first and the second processor units 11 and 12 are coupled to each other through a
processor interface line 14.
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UNITED STATES PATENT AND TRADEMARK OFFICE

dentor(s): Stephen E Richardson et al Confirmation No.: 4135
Application No.:09/865605 ‘ Examiner: Unknown
Filing Date: May 29, 2001 . Group Art Unit:

Title: Chip Multiprocesor With Multiple Operating Systems

Box MISSING PARTS
COMMISSIONER FOR PATENTS
Washington, D.C. 20231

TRANSMITTAL LETTER FOR SUBMITTAL OF MISSING PARTS

Sir:

This is in response to a Notice to File Missing Parts of Application under 37 CFR 1.53(f) mailed on
07/25/2001 . Enclosed is a copy of said Notice and the following documents and fees to
complete the filing requirements of the above-identified application.

{X} Executed Declaration and Power of Attorney. The above-identified application is the same
application which the inventor executed by signing the enclosed declaration.

{ } Statutory basic filing fee { ) Utility $710.00 { ) Design $320.00
( } Additional claim fees of $
{X) Missing Parts Surcharge $130.00

{ ) A Petition for Extension of Time for reply to Notice of Missing Parts is attached.
() one month $110.00
() two months $390.00
() three months $890.00
() four months $1330.00

Please charge to Deposit Account 08-2025 the sum of $130.00 . At any time during
the pendency of this application, please charge any fees required or credit any overpayment to Deposit
Account 08-2025 pursuant to 37 CFR 1.25.

{X) A duplicate copy of this transmittal letter is enclosed.

Respectfully submitted,

Stephen E Richardson et al
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deposited with the United States Postal Service as w -7 /
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Commissioner for Patents, Washington, D.C. 4

20231. Lloyd E. Dakin, Jr.

Attorney/Agent for Applicant{s}
Reg. No. 38,423
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As a below named inventor, | hereby declare th &

My residence/post office address and citizenship e/x}s Stk eﬁf‘\"elow next to my name;
S

| believe | am the original, first and sole inventor (if e name is listed below) or an original, first and
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a
patent is sought on the invention entitled:

CHIP MULTIPROCESSOR WITH MULTIPLE OPERATING SYSTEMS

the specification of which is attached hereto unless the following box is checked:

( ) was filed on as US Application Serial No. or PCT lntemétional Application
Number and was amended on (if applicable).

| hereby state that | have reviewed and understood the contents of the above-identified specification,
including the claims, as amended by any amendment(s) referred to above. | acknowledge the duty to
disclose all information which is material to patentability as defined in 37 CFR 1.56.

Foreign Application(s) and/or Claim of Foreign Priority

| hereby claim foreign priority benefits under Title 35, United States Code Section 119 of any foreign application(s) for patent or
inventor(s) certificate listed below and have alsc identified below any foreign application for patent or inventor(s) certificate having a
filing date before that of the application on which priority is claimed:

COUNTRY APPLICATION NUMBER DATEFILED PRIORITY CLAIMED UNDER 35 U.S.C. 118
YES: NO:
YES: NO:

Provisional Application

| hereby claim the benefit under Title 35, United States Code Section 119(e) of any United States provisional application(s) listed
below:

APPLICATION SERIAL NUMBER FALUING DATE

U. S. Priority Claim
| hereby claim the benefit under Title 35, United States Code, Section 120 of any United States application(s) listed below and,
insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application in the
manner provided by the first paragraph of Title 35, United States Code Section 112, | acknowiedge the duty to disclose material
information as defined in Title 37, Code of Federal Regulations, Section 1.56(a) which occurred between the filing date of the prior
application and the national or PCT international filing date of this application:

APPLICATION SERIAL NUMBER FALING DATE STATUS (patented/pending/abandoned)

POWER OF ATTORNEY: .
As a named inventor, | hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and transact alt
business in the Patent and Trademark Office connected therewith:

Place Cust
Customer Number | 022879 Nuﬁf;,%"é"ﬁa

Label here
Send Correspondence to: Direct Telephone Calls To:
HEWLETT-PACKARD COMPANY .
Intellectual Property Administration Uoyd E. Dakin, Jr.
P.O. Box 272400
Fort Collins, Colorado 80527-2400 (650) 857-2295

I hereby declare that all statements made herein of my own knowledge are true and that all statements
made on information and belief are believed to be true; and further that these statements were made with
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment,
or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements
may jeopardize the validity of the application or any patent issued thereon.

Full Name of Inventor: Stephen E_ RICHARDSON Citizenship: US

Residence: 668 Vera Cruz Avenue, Los Altos, CA 94022

Post Office Address: Same as Residence
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&:ﬁ,@i{ . /1‘7/ Dié/,_zz/ 04
Full Name of # 3 joint inventor: Stuart SIU Citizenship: US
Residence: 20943 Hbridge Court, Castro Valley, CA 94552
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Full Name of # 4 joint inventor: Paul KELTCHER o Citizenship: US
Residence: 878 Hollenbeck Avenue, Sunnyvale, CA 94087
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Full Name of # 5 joint inventor: Shankar VENKATARAMAN - Citizenshipl: us
Residence: 1111 Derbyshire Drive, Cupertino, CA 95014
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- Date
Full Name of # 6 joint inventor: Padmanabha VENKITAKRISHNAN Citizenship: US
Residence: 961 Bermuda Court, Sunnyvale, CA 94086
Post Office Address: Same as Residence
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Full Name of # 7 joint inventor: Joseph KU . Citizenship: US

4102 Amaranta Avenue, Palo Alto, CA 94306
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RECEIvVED

AUG 0 7 2001
Commissioner for Patents Technol

Office of Initial Patent Examination 010gy Center 2100 -
Customer Service Center

Washington, D.C. 20231

RE: Correction of Filing Receipt
Application No: 09/865,605; Filing Date 05/29/2001
HP Docket No: 10013854-1

Dear Sirs:
p

/

We hereby request a correction to the enclosed filing receipt. Please correct the
names of inventors as follow:

Gary Lee Vondan, Jr

Stuart C. Siu

Padmanabha 1. Venkitakrishnan
Joseph Weiyeh Ku

Thank you for your prompt attention to this request.
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Joseph KU
4102 Amaranta Avenue, Palo Alto, CA 94306
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PATENT

CHIP MULTIPROCESSOR WITH MULTIPLE OPERATING SYSTEMS

FIELD OF THE INVENTION
The present invention is generally related to a computer chip architecture having multiple
5  processors on a single die. More particularly, the present invention is related to a

multiprocessing chip utilizing multiple operating systems.

BACKGROUND OF THE INVENTION

Existing internet data centers (IDCs) pack hundreds of processors (e.g., servers and the
like) in a single building for processing a large volume of data transactions. Generally, the
compute density or number of nodes per volume defines the efficiency of the IDC. The compute
density effects the amortization of the high cost of the IDC infrastructure (e.g., networking,
power, cooling, maintenance, reliability, and availability support). Typically, the greater the

compute density, the better the IDC will be able to amortize the high cost of IDC infrastructure.

Accordingly, a large compute density may be preferred. However, space may be unavailable or
costly for locating a large number of processors necessary for maintaining a large compute
density.

To provide increased compute density, multiprocessing schemes that utilize multiple
processors have been developed. One conventional multiprocessing scheme (shown in Fig. 1)
20  includes a computer system 100 having multiple processors 10-40, each on a separate die (i.e.,
chip) 50-80, and connected to a single operating system 90 stored in a memory 95. The system

100 may conserve space if the system is provided in a single housing.

HP Docket No.: 10013854-1
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A second conventional multiprocessing scheme (shown in Fig. 2) includes a computer
system 200 having a chip multiprocessor 295. The chip multiprocessor includes multiple
processors 210-240 on a single die 290. Similar to the processors 10-40 in system 100, the
processors 210-240 are connected to a single operating system 250 stored in a memory 260. The

5  processors 210-240 may communicate with the memory 260 via a bus 270. System 200
conserves space by providing multiple processors on a single die. However, the systems 100 and
200 suffer from well known scalability problems.

Schemes that have placed multiple processors on a single chip typically utilize a single
operating system for tying all the processors together. A well known limitation of this scheme
and other multiprocessing schemes utilizing a single operating system is that an operating system

does not scale well to large numbers of processors. That is, as the number of processors

managed by a single operating system increases, the efficiency of the operating system goes

down dramatically. For example, an operating system typically includes internal data structures

that may be limited in the number of processors that can be supported, and limited bandwidth on

a bus may slow transactions. Thus, scaling becomes impractical above some small number (e.g.,
currently about four to at most 64 processors, depending on the operating system in question).
Bugnion et al., in U.S. Pat. No. 6,075,938, discloses using a cache coherent non-uniform
memory architecture (CC-NUMA) that supports multiple processors executing multiple
operating systems. However, Bugnion et al. discloses multiple virtual processors, implemented
20  in software on a single physical processor. This architecture fails to provide multiple physical
processors, implemented in hardware, on a single die. Accordingly, this architecture suffers a
performance penalty, because the single physical processor must task switch among multiple

virtual processors (only one virtual processor can be running on the physical processor at any
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given time). Moreover, if this architecture were to support multiple physical processors, it would
need space for providing multiple dies, and processing speed would consequently be sacrificed
due to the input/output procedures needed to communicate among the multipie separate

processors and the memory.

SUMMARY OF THE INVENTION

An aspect of the present invention is to provide a multiprocessing system including
multiple processors mounted on a single die. The multiple processors are connected to a
memory storing multiple operating systems. Each of the multiple processors may execute one of
the multiple operating systems.

Another aspect of the present invention is to provide a multiprocessing system including
a plurality of processor groups mounted on a single die. The processor groups are connected to a
memory storing multiple operating systems. Each of the processor groups may execute one of

the multiple operating systems. The processor group may include one or more processors

mounted on the die.

Certain embodiments of the present invention are capable of achieving certain
advantages, including some or all of the following: mounting multiple processors on a single die
reduces the cabling problem inherent in connecting multiple processors on separate dies in
separate housings; mounting multiple processors on a single die reduces the latency required for
20  communication among the processors and improves the efficiency of message passing,
potentially enabling a whole new class of applications (e.g., data mining) to run on such a

multiprocessing system; mounting multiple processors on a single die reduces chip-to-chip
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communication costs and leads to further power efficiency; and increased scalability for
multiprocessing.

Those skilled in the art will appreciate these and other advantages and benefits of various
embodiments of the invention upon reading the following detailed description of a preferred

5 embodiment with reference to the below-listed drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention is illustrated by way of example and not limitation in the
accompanying figures in which like numeral references refer to like elements, and wherein:
Fig. 1 illustrates a conventional multiprocessing scheme including multiple processors,

each on a separate die;

Fig. 2 illustrates a conventional multiprocessing scheme including multiple processors on
a single die;

Fig. 3 illustrates an embodiment of a multiprocessing scheme employing the principles of

the present invention; and
Fig. 4 illustrates another embodiment of a multiprocessing scheme employing the

principles of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
20 In the following detailed description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. However, it will be apparent to one

of ordinary skill in the art that these specific details need not be used to practice the present
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invention. In other instances, well known structures, interfaces, and processes have not been
shown in detail in order not to unnecessarily obscure the present invention.
Fig. 3 illustrates an embodiment including a computer system 300 employing the

principles of the present invention. System 300 includes a chip multiprocessor 350 having
S5 multiple processors 305-320 mounted on a single die 360. The processors 305-320 function with
operating systems 325-340 respectively, as illustrated by connections 345-348. The operating
systems 325-340 are stored in a memory 365. During operation, each processor 305-320 may
access a respective operating system 325-340 by communicating with the memory 365, for
example, via a bus 370. Alternatively, each processor may be directly connected to the memory
365 without using the bus 370. The memory 365 may include one or more of the following:
SRAM and/or DRAM on the same chip as one or more processors; SRAM and/or DRAM on
separate chips connected to one or more processors; magnetic media, such as tape or disk; optical

media, such as CD-ROM; and the like.

Processors 305-320 may be configured, such that each processor executes its own

1=5 operating system. Multiple processors (e.g., multiple processors in a processor group) may also
be configured to execute a single operating system. Fig. 4 illustrates a second embodiment
including a computer system 400 employing the principles of the present invention. System 400
includes a chip multiprocessor 450 having multiple processors 405-420 mounted on a single die
460. The processors 405-420 are divided into two processor groups 425 and 430 having

20  processors 405 and 410 in the processor group 425 and processors 415 and 420 in the processor
group 430. The processor group 425 executes an operating system 435 stored in a memory 465
(as illustrated by a connection 475), and the processor group 430 execuies an operating system

440 stored in the memory 465 (as illustrated by a connection 480). During operation, each
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processor group 425-430 may access a respective operating system 435-440 by communicating

with the memory 4635, for example, via a bus 470. Alternatively, each processor and/or

processor group may be directly connected to the memory 465 without using the bus 470.

The operating systems shown in Figs. 3-4 and described above may include conventional

5  operating systems, such as WINDOWS NT, UNIX and the like, and the processors in systems
300 and 400 may include conventional processors. Each processor may be capable of executing
a single operating system, or capable of simultaneously executing muitiple operating systems, for
example, by context switching, which may include rapidly switching between multiple operating
systems. Systems 300 and 400 may be operable to execute a variety of applications, such as web
service, database service and the like. Four processors are shown in Figs. 3-4 for illustration
purposes, and it will be apparent to one of ordinary skill in the art that more or less processors
and/or processor groups may be included on the dies 360 and 460. Additionally, as is known in
the art, the processors in systems 300 and 400 may access one or more caches (not shown).

It will be apparent to one of ordinary skill in the art that a system employing the

principles of the present invention may be operable to support both processor groups and
processors on a single die, such that each processor group and processor not within a processor
group executes a distinct operating system.

Having each processor (or processor group) executing its own independent operating
system minimizes scaling problems realized when utilizing a single operating system with
20  multiple processors. For example, one hundred processors independently executing one hundred
operating systems may be no more of a problem than one processor executing one operating
system. The embodiments described above are operable to provide this type of scaling on a

single chip.
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While this invention has been described in conjunction with the specific embodiments
thereof, it is evident that many alternatives, modifications and variations will be apparent to
those skilled in the art. There are changes that may be made without departing from the spirit

and scope of the invention.
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What is claimed is:
1. A multiprocessing system comprising:
multiple processors mounted on a single die; and
multiple operating systems residing in a memory connected to said multiple processors,
5  wherein each of said multiple processors executes an operating system of said multiple operating

systems.

2. The system of claim 1, wherein said processors are operable to execute two or more of

said multiple operating systems simultaneously.

3. The system of claim 2, wherein said multiple processors are connected to said memory

via a bus to execute said multiple operating systems.

4. The system of claim 2, wherein said multiple processors are directly connected to said

memory to execute said multiple operating systems.

5. The system of claim 1, wherein each of said processors executes a distinct operating

system of said multiple operating systems.

20 6. The system of claim 1, further comprising multiple processor groups, wherein each
processor group includes at least two of said multiple processors executing one of said multiple

operating systems.
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7. A multiprocessing system comprising:
a plurality of processor groups mounted on a single die; and
multiple operating systems residing in a memory connected to said groups, wherein each

of said groups executes an operating system of said multiple operating systems.

8. The system of claim 7, wherein each of said groups includes multiple processors.

9. The system of claim 8, wherein said groups are operable to execute two or more of said

multiple operating systems simultaneously.

10.  The system of claim 9, wherein said multiple processors in each of said groups are

connected to said memory via a bus to execute said multiple operating systems.

11.  The system of claim 9, wherein said multiple processors in each of said groups are

directly connected to said memory to execute said multiple operating systems.

12.  The system of claim 7, wherein each of said groups executes a distinct operating system

of said muitiple operating systems.

13. A multiprocessing apparatus comprising:
processor means for executing a plurality of operating system means, wherein said
processor means includes a plurality of processors mounted on a single die; and

memory means for storing said plurality of operating system means.
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14. The apparatus of claim 13, wherein said processor means is connected to said memory

means via a bus to execute said multiple operating systems.

5 15 The apparatus of claim 13, wherein said processor means is directly connected to said

memory means to execute said multiple operating systems.

16. The apparatus of claim 13, wherein each of said processors of said processor means is

operable to execute a distinct one of said plurality of operating system means.

17. The apparatus of claim 13, wherein said processor means includes a plurality of processor
group means, wherein each processor group means includes at least two of said plurality of

processors.

18. The apparatus of claim 13, wherein said plurality of processor group means is operable to

execute one or more of said plurality of operating system means.

19. The apparatus of claim 13, wherein each of said plurality of processor group means is

operable to execute a distinct one of said plurality of operating system means.

20

20.  The apparatus of claim 13, wherein said processor means is operable to simultaneously

execute each of said plurality of operating system means.
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ABSTRACT
Multiple processors are mounted on a single die. The die is connected to a memory
storing multiple operating systems or images of multiple operating systems. Each of the
processors or a group of one or more of the processors is operable to execute a distinct one of the
5  multiple operating systems. Therefore, resources for a single operating system may be dedicated
to one processor or a group of processors. Consequently, a large number of processors mounted

on a single die can operate efficiently.
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PATENT

CHIP MULTIPROCESSOR WITH MULTIPLE OPERATING SYSTEMS

FIELD OF THE INVENTION
The present invention is generally related to a computer chip architecture having multiple
5  processors on a single die. More particularly, the present invention is related to a

multiprocessing chip utilizing multiple operating systems.

BACKGROUND OF THE INVENTION

Existing internet data centers (IDCs) pack hundreds of processors (e.g., servers and the
like) in a single building for processing a large volume of data transactions. Generally, !:he:~
compute density or number of nodes per volume defines the efficiency of the IDC. The compute
density effects the amortization of the high cost of the IDC infrastructure (e.g., networking,
power, cooling,.maintenance, reliability, and availability support). Typically, the greater the

compute density, the better the IDC will be able to amortize the high cost of IDC infrastructure.

Accordingly, a large compute density may be preferred. However, space may be unavailable or
costly for locating a large number of processors necessary for maintaining a large compute
density. |

To provide increased compute density, multiprocessing schemes that utilize multiple
processors have been developed. One conventional multiprocessing scheme (shown in Fig. 1)
20  includes a computer system 100 having multiple processors 10-40, each on a separate die (i.e.,
chip) 50-80, ané connected to a single operating system 90 stored in a memory 95. The system

100 may conserve space if the system is provided in a single housing.

HP Docket No.: 10013854-1
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A second conventional multiprocessing scheme (shown in Fig. 2) includes a computer
system 200 having a chip multiprocessor 295. The chip multiprocessor includes multiple
processors 210-240 on a single die 290. Similar to the processors 10-40 in system 100, the
processors 210-240 are connected to a single operating system 250 stored in a memory 260. The

5  processors 210-240 may communicate with the memory 260 via a bus 270. System 200
conserves space by providing multiple processors on a single die. However, the systems 100 and ‘
200 suffer from well known scalability problems.

Schemes that have placed multiple processors on a single chip typically utilize a single
operating system for tying all the processors together. A well known limitation of this scheme
and other multiprocessing schemes utilizing a single operating system is that an operating system
does not scale well to large numbers of processors. That is, as the number of processors
managed by a single operating system increases, the efficiency of the operating system goes
down dramatically. For example, an operating system typically includes internal data structures

that may be limited in the number of processors that can be supported, and limited bandwidth on

a bus may slow transactions. Thus, scaling becomes impractical above some small number (e.g.,
currently about four to at most 64 processors, depending on the operating system in question).
Bugnion et al., in U.S. Pat. No. 6,075,938, discloses using a cache coherent non-uniform
memory architecture (CC-NUMA) that supports multiple processors executing multiple
operating systems. However, Bugnion et al. discloses multiple virtual processors, implemented
20  in software on a single physical processor. This architecture fails to provide multiple physical
processors, implemented in hardware, on a single die. Accordingly, this architecture suffers a
performance penalty, because the single physical processor must task switch among multiple

virtual processors (only one virtual processor can be running on the physical processor at any

HP Docket No.: 10013854-1
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given time). Moreover, if this architecture were to support multiple physical processors, it would
need space for providing multiple dies, and processing speed would consequently be sacrificed
due to the input/output procedures needed to communicate among the multiple separate

processors and the memory.

SUMMARY OF THE INVENTION

An aspect of the present invention is to provide a multiprocessing system including
multiple processors mounted on a single die. The multiple processors are connected to a
memory storing multiple operating systems. Each of the multiple processors may execute one of
the multiple operating systems.

Another aspect of the present invention is to provide a multiprocessing system including

a plurality of processor groups mounted on a single die. The processor groups are connected to a

memory storing multiple operating systems. Each of the processor groups may execute one of

the multiple operating systems. The processor group may include one or more processors

-

Gy Hdl

s

mounted on the die.

Certain embodiments of the present invention are capable of achieving certain
advantages, including some or all of the following: mounting multiple processors on a single die
reduces the cabling problem inherent in connecting multiple processors on separate dies in
separate housings; mounting multiple processors on a single die reduces the latency required for
20 communication among the processors and improves the efficiency of message passing,
potentially enabling a whole new class of applications (e.g., data mining) to run on such a

multiprocessing system; mounting multiple processors on a single die reduces chip-to-chip
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communication costs and leads to further pﬂwer efficiency; and increased scalability for
multiprocessing.

Those skilled in the art will appreciate these and other advantages and benefits of various
embodiments of the invention upon reading the following detailed description of a preferred

5 embodiment with reference to the below-listed drawings.

BRIEF DESCRiPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not limitation in the
accompanying figures in which like numeral references refer to like elements, and wherein:

Fig. 1 illustrates a conventional multiprocessing scheme including multiple processors,
eachon a sepa.réte die;

Fig. 2 illustrates a conventional multiprocessing scheme including multiple processors on
a single die;

Fig. 3 illustrates an embodiment of a multiprocessing scheme employing the principles of

the present invention; and
Fig. 4 illustrates another embodiment of a multiprocessing scheme employing the

principles of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
20 In the following detailed description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. However, it will be apparent to one

of ordinary skill in the art that these specific details need not be used to practice the present
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invention. In other instances, well known structures, interfaces, and processes have not been
shown in detail in order not to unnecessarily obscure the present invention.
Fig. 3 illustrates an embodiment including a computer system 300 employing the

principles of the present invention. System 300 includes a chip multiprocessor 350 having
5  multiple processors 305-320 mounted on a single die 360. The processors 305-320 function with
operating systerns 325-340 respectively, as illustrated by connections 345-348. The operating
systems 325-340 are stored in a memory 365. During operation, each processor 305-320 may
access a respective operating system 325-340 by communicating with the memory 365, for
example, via a bus 370. Alternatively, each processor may be directly connected to the memory

365 without using the bus 370. The memory 365 may include one or more of the following:

SRAM and/or DRAM on the same chip as one or more processors; SRAM and/or DRAM on

separate chips connected to one or more processors; magnetic media, such as tape or disk; optical
media, such as CD-ROM; and the like.

Processors 305-320 may be configured, such that each processor executes its own

operating system. Multiple processors (e.g., multiple processors in a processor group) may élso
be configured to execute a single operating system. Fig. 4 illustrates a second embodiment
including a computer system 400 employing the principles of the present invention. System 400
includes a chip multiprocessor 450 having multiple processors 405-420 mounted on a single die
460. The processors 405-420 are divided into two processor groups 425 and 430 having

20  processors 405 and 410 in the processor group 425 and processors 415 and 420 in the processor
group 430. The processor group 425 executes an operating system 435 stored in a memory 465
(as illustrated by a connection 475), and the processor group 430 executes an operating system

440 stored in the memory 465 (as illustrated by a connection 480). During operation, each
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processor group 425-430 may access a respective operating system 435-440 by communicating

with the memory 465, for example, via a bus 470. Alternatively, each processor and/or

processor group may be directly connected to the memory 465 without using the bus 470.

The operating systems shown in Figs. 3-4 and described above may include conventional

5  operating systerhs, such as WINDOWS NT, UNIX and the like, and the processors in systems
300 and 400 may include conventional processors. Each processor may be capable of executing
a single operating system, or capable of simultaneously executing multiple operating systems, for
example, by context switching, which may include rapidly switching between multiple operating
systems. Systefns 300 and 400 may be operable to execute a variety of applications, such as web
service, database service and the like. Four processors are shown in Figs. 3-4 for illustration

purposes, and it will be apparent to one of ordinary skill in the art that more or less processors

and/or processor groups may be included on the dies 360 and 460. Additionally, as is known in
the art, the procéssors in systems 300 and 400 may access one or more caches (not shown).

It will be apparent to one of ordinary skill in the art that a system employing the

principles of the present invention may be operable to support both processor groups and
processors on a single die, such that each processor group and processor not within a processor
group executes é distinct operating system.

Having each processor (or processor group) executing its own independent operating
system minimizes scaling problems realized when utilizing a single operating system with
20  multiple processors. For example, one hundred processors independently executing one hundred
operating systems may be no more of a problem than one processor executing one operating
system. The embodiments described above are operable to provide this type of scaling on a

single chip.
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While this invention has been described in conjunction with the specific embodiments
thereof, it is evident that many alternatives, modifications and variations will be apparent to
those skilled in the art. There are changes that may be made without departing from the spirit

and scope of the invention.
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What is claimed is:
1. A multiprocessing system comprising:
multiple processors mounted on a single die; and
multiple operating systems residing in a memory connected to said multiple processors,
5  wherein each of said multiple processors executes an operating system of said multiple operating

systems.

2. The system of claim 1, wherein said processors are operable to execute two or more of

said multiple operating systems simultaneously.

3. The system of claim 2, wherein said multiple processors are connected to said memory

via a bus to execute said multiple operating systems.

4. The system of claim 2, wherein said multiple processors are directly connected to said

memory to execute said multiple operating systems.

5. The system of claim 1, wherein each of said processors executes a distinct operating

system of said multiple operating systems.

20 6. The system of claim 1, further comprising multiple processor groups, wherein each
processor group includes at least two of said multiple processors executing one of said multiple

operating systems.

HP Docket No.: 10013854-1

Apple

Page 110 of 121 Ex. 1004 - Page 110



® @

7. A multiprocessing system comprising:
a plurality of processor groups mounted on a single die; and
multiple operating systems residing in a memory connected to said groups, wherein each

of said groups executes an operating system of said multiple operating systems.
8. The system of claim 7, wherein each of said groups includes multiple processors.

9. The system of claim 8, wherein said groups are operable to execute two or more of said

multiple operating systems simultaneously.

10. The system of claim 9, wherein said multiple processors in each of said groups are

connected to said memory via a bus to execute said multiple operating systems.

11. The system of claim 9, wherein said multiple processors in each of said groups are

¥5  directly connected to said memory to execute said multiple operating systems.

12. The system of claim 7, wherein each of said groups executes a distinct operating system

of said multiple operating systems.

20 13 A multiprocessing apparatus comprising:
processor means for executing a plurality of operating system means, wherein said
processor means includes a plurality of processors mounted on a single die; and

memory means for storing said plurality of operating system means.
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14. The apparatus of claim 13, wherein said processor means is connected to said memory

means via a bus to execute said multiple operating systems.

5 15, The apparatus of claim 13, wherein said processor means is directly connected to said

memory means to execute said multiple operating systems.

16. The apparatus of claim 13, wherein each of said processors of said processor means is

operable to execute a distinct one of said plurality of operating system means.

17. The apparatus of claim 13, wherein said processor means includes a plurality of processor
group means, wherein each processor group means includes at least two of said plurality of

Processors.

18. The apparatus of claim 13, wherein said plurality of processor group means is operable to

execute one or more of said plurality of operating system means.

19. The apparatus of claim 13, wherein each of said plurality of processor group means is

operable to execute a distinct one of said plurality of operating system means.

20

20. The apparatus of claim 13, wherein said processor means is operable to simultaneously

execute each of said plurality of operating system means.
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ABSTRACT
Multiple processors are mounted on a single die. The die is connected to a memory
storing multiple operating systems or images of multiple operating systems. Each of the
processors or a group of one or more of the processors is operable to execute a distinct one of the
5  multiple operating systems. Therefore, resources for a single operating system may be dedicated
to one processor or a group of processors. Consequently, a large number of processors mounted

on a single die can operate efficiently.
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