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UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

TEXAS INSTRUMENTS INCORPORATED,
Petitioner,

V.

SONRAI MEMORY LIMITED,
Patent Owner.

IPR2022-00801
Patent 6,874,014 B2

Before GREGG 1. ANDERSON, STACEY G. WHITE, and
JOHN D. HAMANN, Administrative Patent Judges.

HAMANN, Administrative Patent Judge.

DECISION
Dismissal Prior to Institution of Trial
3I5US8CS314; 37 CEFR §42.71
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[PR2022-00801
Patent 6,874,014 B2

On April 1, 2022, Texas Instruments Incorporated (“Petitioner™) filed
a Petition requesting inter partes review of U.S. Patent No. 6,874,014.
Paper 2. On August 22, 2022, with our authorization, Petitioner and Sonrai
Memory Limited (“Patent Owner™) filed a Joint Motion to Dismiss the
Petition. Paper 7 (“Motion™). We denied the parties” Motion without
prejudice because the parties did not submit agreements “between the parties
made in connection with, or in contemplation of, the termination of a
proceeding.” 37 C.F.R. § 42.74(b). Paper 8, 2-3. On September 29, 2022,
the parties filed a Renewed Joint Motion to Dismiss the Petition (Paper 9,
Renewed Motion ), and a Joint Request to Keep Agreement Confidential and
Separate (Paper 10).

In the Renewed Motion, the parties state that they “have settled their
dispute,” and “have dismissed their dispute in the district court proceeding.”
Renewed Motion 1-2. The parties also filed an unredacted copy of the
written Release Agreement between the parties (Ex. 1024), which is the
subject of the parties’ request to seal as business confidential information.

We have not instituted trial in this proceeding. Thus, this proceeding
1s in its initial stages. The parties indicate that they have settled their
disputes relating to the challenged patent. Paper 9, 1-2. Under these
circumstances, we determine that it is appropriate to dismiss the petition.
See 37 C.F.R. §§ 42.5(a), 42.71(a). This paper does not constitute a final
written decision pursuant to 35 U.S.C. § 318(a).

It 1s

ORDERED that the parties” Renewed Joint Motion to Dismiss is
granted (Paper 9), and the Petition for infer partes review of the above-

referenced patent 1s dismissed,
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IPR2022-00801
Patent 6,874,014 B2

FURTHER ORDERED that the “Joint Request to Keep Agreement
Confidential and Separate” (Paper 10) 1s granted, and

FURTHER ORDERED that the Release Agreement (Ex. 1024)
shall be kept separate from the files of the patents at issue in these
proceedings, and made available only to Federal Government agencies on

written request, or to any person on a showing of good cause, pursuant to 37

C.FR. § 42.74(c).

Apple
Ex. 1004 - Page 3
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For PETITIONER:

Joshua A. Griswold
Patrick J. Bisenius

FISH & RICHARDSON P.C.

griswold@fr.com
bisenius@fr.com

For PATENT OWNER:

Reza Mirzaie

James Milkey

RUSS AUGUST & KABAT
rmirzaie@raklaw.com
jmilkey@raklaw.com
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Case 6:21-ov-00L88-ADA  Document 60 Filed 08702722 Page 1ot d

AQO 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.8.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.):
DOCKETNO., 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 . S A TN (D T . ,
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 6,874,014 3/29/2005 SONRAI MEMORY LIMITED
2 8,724,241 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 [ Cross Bill ] Other Pleading
PATENT OR DATE OF PATENT Ty T T A TN - - -
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
9/2/2022 Order Granting Motion to Dismiss - Doc #59
CLERK DATE
Philip J Devlin 9/2/2022

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy te Director

Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy

Ex. 1




Case 6:21-ov-00L87-ADA  Document 67 Filed 08702722 Page 1ot d

AQO 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.8.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

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

DOCKET NO. DATE FILED 1U.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 - . T Ty - .
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 [ Cross Bill ] Other Pleading
PATENT OR DATE OF PATENT . R - . "
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

9/2/2022 - Grder Granting Motion to Dismiss - Doc #66

CLERK (
Philip J Devlin

a)LPUTY CLERK DATE
\ m ;‘an 9/2/2022

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy te Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy
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UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

LG ELECTRONICS INC. and LG ELECTRONICS U.S.A., INC.,
Petitioner,

V.

SONRAI MEMORY LIMITED,
Patent Owner.

IPR2022-00756
Patent 6,874,014 B2

Before GREGG I. ANDERSON, STACEY G. WHITE, and
JOHN D. HAMANN, Administrative Patent Judges.

HAMANN, Administrative Patent Judge.

DECISION
Granting Institution of Inter Partes Review
35US.C. § 314

Granting Motion for Joinder
35U.8.C§ 315(c); 37 C.F.R. § 42.122
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IPR2022-00756
Patent 6,874,014 B2

I. INTRODUCTION

LG Electronics Inc. and LG Electronics U.S.A., Inc. (collectively,
“Petitioner™) filed a petition for inter partes review of claims 1-3, 5-9, 11—
13, and 15-19 (“the challenged claims™) of U.S. Patent No. 6,874,014 B2
(Ex. 1001, “the *014 patent™). Paper 2 (“Pet.””). Sonrai Memory Limited
(“Patent Owner™) did not file a Preliminary Response.

Petitioner also filed a Motion for Joinder seeking joinder as a
petitioner with Google LLC (“Google™) in Google LLC v. Sonrai Memory
Ltd., TPR2021-01454 (the “Google IPR™). Paper 3 (“Motion”). Patent
Owner did not file an opposition to the Motion for Joinder.

Institution of an inter partes review is authorized by statute when “the
information presented in the petition . . . and any response . . . shows that
there is a reasonable likelihood that the petitioner would prevail with respect
to at least 1 of the claims challenged in the petition.” 35 U.S.C. § 314(a)
(2018); see 37 C.F.R. § 42.108 (2020). For reasons discussed below, we
institute an inter partes review of the challenged claims and grant
Petitioner’s Motion for Joinder.

A. Real Parties-in-Interest

The parties identify themselves as the real parties-in-interest. Pet. 1;
Paper 5, 1.

B. Related Matters

The parties collectively identify the following as matters that may
affect, or be affected by, a decision in this proceeding: (1) Sonrai Memory
Ltd. v. Google LLC, 6-21-cv-00167 (W.D. Tex.); (i1) Sonrai Memory Ltd. v.
LG Electronics Inc., 6-21-cv-00168 (W.D. Tex.); (ii1) Sonrai Memory Ltd. v.
Samsung Electronics Co., Ltd., 6:21-cv-00169-ADA (W.D. Tex.); (iv)
Sonrai Memory Ltd. v. Amazon.com, Inc., 6:21-cv-00991-ADA (W.D. Tex.);
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IPR2022-00756
Patent 6,874,014 B2

(v) Sonrai Memory Ltd. v. Texas Instruments Inc., 6-21-cv-01066 (W.D.
Tex.); (vi) Sonrai Memory Ltd. v. Lenovo Group Ltd., 6-22-cv-00029 (W.D.
Tex.); (vii) Sonrai Memory Ltd. v. Samsung Electronics Co., 6-22-cv00189
(W.D. Tex.); (viil) Sonrai Memory Ltd. v. Amazon.com, Inc., 6-22-cv-00225
(W.D. Tex.); (ix) Sonrai Memory Ltd. v. Motorola Mobility LLC, 1-22-cv-
01606 (N.D. I11.); (x) Google LLC v. Sonrai Memory Ltd., IPR2021-01454
(PTAB); and (xi) Texas Instruments Inc. v. Sonrai Memory Ltd., IPR2022-
00801 (PTAB). Pet. 1-3; Paper 5, 1-2.
C. The Challenged Patent

The *014 patent “is generally related to a computer chip architecture
having multiple processors on a single die,” and “[m]ore particularly, . . . is
related to a multiprocessing chip utilizing multiple operating systems.”
Ex. 1001, 1:6-9. The *014 patent teaches having multiple processors
mounted on a single die, which “is connected to a memory storing multiple
operating systems.” Id. at code (57). “Each of the processors or a group of
one or more of the processors is operable to execute a distinct one of the
multiple operating systems.” Id. “Therefore, resources for a single
operating system may be dedicated to one processor or a group of
processors.” Id. “Consequently, a large number of processors mounted on a
single die can operate efficiently,” according to the 014 patent. Id.

Figure 3, shown below, “illustrates an embodiment of a

multiprocessing scheme,” in accordance with the 014 patent. Id. at 2:54—
55.
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IPR2022-00756
Patent 6,874,014 B2
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Figure 3 “illustrates an embodiment including a computer system 300
employing the principles of the” 014 patent. Id. at 3:4—-6. As illustrated,
“[s]ystem 300 includes a chip multiprocessor 350 having multiple processors
305-320 mounted on a single die 360.” Id. at 3:6-7, Fig. 3. “The
processors 305-320 function with operating systems 325-340 respectively,
as illustrated by connections 345-348.” Id. at 3:8—10. “The operating
systems 325-340 are stored in a memory 365.” Id. at 3:10-11. The 014
patent discloses that “[d]uring 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.” Id. at 3:11-15.

The *014 patent discloses that “[p]rocessors 305-320 may be
configured, such that each processor executes its own operating system,” or
“Im]ultiple processors (e.g., multiple processors in a processor group) may
... be configured to execute a single operating system.” Id. at 3:21-24.
Moreover, “[e]ach processor may be capable of executing a single operating

system, or capable of simultaneously executing multiple operating systems,
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IPR2022-00756
Patent 6,874,014 B2

for example, by context switching, which may include rapidly switching
between multiple operating systems.” Id. at 3:46-50.
D. The Challenged Claims
Petitioner challenges claims 1-3, 5-9, 11-13, and 15-19 of the 014
patent. Claims 1, 7, and 12 are independent claims. Claim 1 is illustrative
of the challenged claims and is reproduced below:

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,

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.

Ex. 1001, 4:14-22.
E. Asserted Grounds of Unpatentability
Petitioner asserts that the challenged claims of the 014 patent are

unpatentable based on the following grounds:

1-13, 15-19 103(a) Asano,” Joy
1-13, 15-19 103(a) Asano, Babaian*

O [\o
— | —

! The Leahy-Smith America Invents Act (“AIA”) included revisions to 35
U.S.C. § 103 that became effective on March 16, 2013. Because the 014
patent issued from an application filed before March 16, 2013, we apply the
pre-AlA version of the statutory basis for unpatentability.

2 US 2001/0044817 Al, published Nov. 22, 2001 (Ex. 1005, “Asano”).

3 US 6,542,991 Bl, issued Apr. 1, 2003 (Ex. 1006, “Joy™).

4 US 7,143,401 B2, issued Nov. 28, 2006 (Ex. 1007, “Babaian”).

5
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IPR2022-00756
Patent 6,874,014 B2

Pet. 4, 14-74. Petitioner submits in support of its arguments the Declaration
of Dr. Martin Walker (Ex. 1002).
II. INSTITUTION OF INTER PARTES REVIEW

The Petition in this proceeding asserts the same grounds of
unpatentability as the one on which we instituted review in the Google IPR.
Compare Pet. 14-74, with Google IPR, Paper 6 at 5. Indeed, Petitioner
argues that the Petition “is substantively identical to the petition filed by
Google, challenging the same claims of the 014 patent on the same
grounds.” Pet. 1. More specifically, Petitioner submits that the “Petition
copies verbatim the challenges set forth in the Google Petition and relies on
the same expert declaration submitted in the Google IPR.” Motion 4.
According to Petitioner, “[t]he only differences between the . . . Petition and
the Google Petition relate to formalities of a different party filing the
petition; there are no other changes to the facts, citations, evidence, or
invalidity arguments introduced in the Google Petition.” Id. at 4-5.

Patent Owner did not file a Preliminary Response.

For the same reasons set forth in our institution decision in the Google
IPR, we determine that the information presented in the Petition shows a
reasonable likelihood that Petitioner would prevail in showing that at least
one claim of the *014 patent is unpatentable. See Google IPR, Paper 6, 10—
15. Accordingly, we institute an inter partes review on all of the challenged
claims.

III. GRANT OF MOTION FOR JOINDER

We instituted trial in the Google IPR on March 4, 2022. Google IPR,

Paper 6. Petitioner filed the Petition and Motion for Joinder on April 1,

2022. Because joinder was requested no later than one month after
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IPR2022-00756
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trial was instituted in the Google IPR, Petitioner’s Motion for Joinder is
timely. See 37 C.F.R. § 42.122(b).

The statutory provision governing joinder in infer partes review
proceedings is 35 U.S.C. § 315(c), which reads:

If the Director institutes an inter partes review, the
Director, in his or her discretion, may join as a party to that inter
partes review any person who properly files a petition under
section 311 that the Director, after receiving a preliminary
response under section 313 or the expiration of the time for filing
such a response, determines warrants the institution of an inter
partes review under section 314.

A motion for joinder should (1) set forth reasons why joinder is
appropriate; (2) identify any new grounds of unpatentability asserted in the
petition; (3) explain what impact (if any) joinder would have on the trial
schedule for the existing review; and (4) address specifically how briefing
and discovery may be simplified. Kyocera Corp. v. Softview LLC, IPR2013-
00004, Paper 15, 4 (PTAB Apr. 24, 2013).

Petitioner asserts the same unpatentability grounds on which we
instituted review in the Google IPR. See Motion 1, 4-5. Petitioner “submits
identical arguments and the same grounds introduced in the existing Google
IPR, ... and relies on the same expert declaration submitted in the Google
IPR.” Id. at 4. Indeed, the Petition “copies verbatim the challenges set forth
in the Google Petition.” Id. Thus, this inter partes review does not present
any ground or matter not already at issue in the Google IPR.

If joinder is granted, Petitioner anticipates participating in the
proceeding in a limited capacity absent termination of the Google IPR
petitioner as a party. Motion 1-2; see also id. at 7-9. Petitioner states that it
“will act as an ‘understudy’ unless the current petitioner (Google) ceases to
actively participate in the instituted [PR.” Id. at 1-2. Because Petitioner

7
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IPR2022-00756
Patent 6,874,014 B2

expects to participate only in a limited capacity, Petitioner submits that “the
proposed joinder will neither unduly complicate the Google IPR nor delay
its schedule. As such, joinder will promote judicial efficiency in
determining the patentability of the *014 Patent without prejudice to Patent
Owner.” Id. at 2. Petitioner further indicates that Google does not oppose
the request joinder. Id. at 1.

Patent Owner did not file an opposition to the Motion for Joinder.

We agree with Petitioner that joinder with the Google IPR is
appropriate under the circumstances. Accordingly, we grant Petitioner’s
Motion for Joinder.

IV. ORDER

In consideration of the foregoing, it is hereby:

ORDERED that, pursuant to 35 U.S.C. § 314(a), an inter partes
review of claims 1-3, 5-9, 11-13, and 15-19 of the 014 patent is instituted
on all asserted grounds in IPR2022-00756;

FURTHER ORDERED that the Motion for Joinder is granted, and
Petitioner is joined as a party to IPR2021-01454;

FURTHER ORDERED that all further filings by Petitioner and Patent
Owner, except for those which concern a request for rehearing of this
decision, shall be made only in IPR2021-01454;

FURTHER ORDERED that, subsequent to joinder, the grounds and
claims for trial in IPR2021-01454 remain unchanged;

FURTHER ORDERED that, subsequent to joinder, the Scheduling
Order in place for IPR2021-01454 (Papers 7, 8) remains unchanged, subject
to any change already made by stipulation between Patent Owner and

Google;
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IPR2022-00756
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FURTHER ORDERED that, subsequent to joinder, Petitioner is
bound by every paper filed by and every representation made by Google in
IPR2021-01454, except for papers and representations regarding settlement
between Google and Patent Owner;

FURTHER ORDERED that Petitioner shall make no filing and take
no action in the joined proceeding unless (1) Google ceases to be a party in
the joined proceeding, or (2) the filing is a motion to terminate the
proceeding with respect to Petitioner, a settlement agreement between
Petitioner and Patent Owner, or a request to keep settlement agreement
separate under 37 C.F.R. § 42.74(c);

FURTHER ORDERED that Petitioner shall not receive any direct,
cross examination, or redirect time beyond that permitted for Google alone,
under either 37 C.F.R. § 42.53 or any agreement between Google and Patent
Owner;

FURTHER ORDERED that the case caption in IPR2021-01454 shall
be changed in accordance with the attached example; and

FURTHER ORDERED that a copy of this Decision shall be entered
into the record of IPR2021-01454.
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For PETITIONER:

Scott A. McKeown

Steven Pepe

Lance Shapiro

Scott Taylor

ROPES & GRAY LLP
scott.mckeown @ropesgray.com
steven.pepe @ropesgray.com
lance.shapiro@ropesgray.com
scott.taylor@ropesgray.com

For PATENT OWNER:

Reza Mirzaie

James Milkey

RUSS AUGUST & KABAT
rmirzaie @raklaw.com
jmilkey @raklaw.com
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UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

GOOGLE LLC, LG ELECTRONICS INC.,
and LG ELECTRONICS U.S.A., INC.,
Petitioners,

V.

SONRAI MEMORY LIMITED,
Patent Owner.

IPR2021-01454°
Patent 6,874,014 B2

> LG Electronics Inc. and LG Electronics U.S.A., Inc. were joined as parties
to this proceeding via the grant of a Motion for Joinder in IPR2022-00756.

11
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Case: L22-0v-01808 Document # 35 Filed: 08/18/22 Page 1 of 21 PageiD #1117

AQO 120 (Rev. 08/103%

O Mail Stop 8 REPORT ON THE
’ Bireetor of the U.8. Patent and Trademark OGifice FILING OR DETERMINATION (OF AN
P.O. Box 1458 ACTION REGARDING APATENT OR
Alexandria, VA 22313-145¢ TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.5.C. § 1116 vou are hereby advised that a court action has been
filed in the U.S. Dustrict Count Northern District of {ilinols on the folowing
& Trademarks or ] Patents.  ( ] the patent acBon invelves 35 U.8.C. § 202
DOCKET NO. DATE FILED U8, BISTRICT COURT
1:22-cv-01608 342812022 Northern District of lilinois
PLAINTIFF DEFENDANT
Sonrai Memaory Limited Motorola Mobility LLC
PATENT OR DATE OF PATENT O TR D AT DEMARK
TRADEMARK NQO, OR TRADEMARK HOLDER OF PATENT OR TRADEM!
i See Altached
’2
4
5
In the above—cntitled case, the following patent(s) trademark(s) have been included:
DATE INCLUDED INCLUDED BY
1 Amendment [ Answer 3 Cross Bill ] Other Pleading
PATENT OR DATE OF PATENT . N I
TRADEMARK NGO, R TRADEMARK HOLDER OF PATENT OR TRADEMARK
i
3
4
5

inthe above-—euntitled case, the following decision has been rendered or judgement issued:

DECISIONJUDGEMENT

CLERK (BY: DEPUTY CLERK DATE
Thomas G. Bruton Jdennifer Kuldanek 8/18/2022

Copy I—Upon initiation ¢f action, mail thic copy to Director  Copy 3—Upon termination of action, mail this copy te Birector
{opy 2—Upon filing document adding patent(s), mail this copy to Birector Copy 4—Case file copy
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Case: 122-ov-018086 Document & 38 F

US 6,874,014 B2

5

memory means for storing said plurality of operating

system means.

13. The apparatus of claim 12, wherein said processor
means is connected to said memory means via a bus to
execute said multiple operating systems.

14. The apparatus of claim 12, wherein said processor
means is directly connected to said memory means to
execute said multiple operating systems.

15. The apparatus of claim 12, wherein each of said

processors of said processor means is operable to execute a 10

distinct one of said plurality of operating system means.
16. The apparatus of claim 12, wherein said processor
means includes a plurality of processor group means,

6

wherein each processor group means includes at least two of
said plurality of processors.

17. The apparatus of claim 16, wherein said plurality of
processor group means is operable to execute one or more of
said plurality of operating system means.

18. The apparatus of claim 16, wherein each of said
plurality of processor group means is operable to execute a
distinct one of said plurality of operating system means.

19. The apparatus of claim 12, wherein at least one of said
plurality of processors is operable to simultaneously execute
two or more of said plurality of operating system means.

#* #* #* #* #*
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Case: 1122-ov-01608 Document #1 35 Fled: O8/18/22 Page 11 of 21 Fagelld #1127

Exhibit 2
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Case: 1.22-0v-01808 Document £ 35 Fied: 0818122 Page 12 of 21 PagelD #1128

U.S. Patent No. 6,874,014 (’014 Patent”)

Accused Products
Motorola products with Qualcomm Snapdragon SoCs containing at least one Hexagon DSP, including without limitation the
Motorola Edge (“Accused Products”), infringe at least Claim 1 of the '014 Patent

(Claim 1

[pre]. A multiprocessing To the extent the preamble is limiting, each Accused Product includes a multiprocessing system.

f 15ing; _ _— .
SYSI CCHpTSIE For example, the Edge contains a Qualcomm Snapdragon 765 SoC with multiple processing cores,

e.g Kryo 475 CPU and Hexagon 696 Processor.
See, e.g.:

usmanphones-motorola-edue/p akuld=33)

Bt www matarola comy
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Each Accused Product includes multiple processors mounted on a single die.

For example, the Edge contains a Qualcomm Snapdragon 865 SoC with multiple processing cores,

e.g. Kryo 475 CPU and Hexagon 696 Processor.

See, e.g.:

1[a] multiple processors

mounted on a single die; and
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Case: 1

Y g VTEROE Ty b e
So-0v-01006 Document £

35 Flied: 08718122 Page 16 of 24 Pagell #1132

Bttos e motarola. comussmantphones-motorola-edoe/

pskuld=332

I[c] 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 simultangously
executing two or more
operating systems of said
multiple operating systems.

In the Accused Products, 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.

For example, the Edge executes the Android 10 operating system on the Kryo 475 CPU within the
Qualcomm Snapdragon 765 SoC, and executes the QuRT operating system on the Hexagon DSP
within the Qualcomm Snapdragon 765 SoC. The two operating systems run simultancously, as
shown by the fact that both QuRT and Android contain their own independent scheduling systems,
running on separate processors, with only indirect serial communication between the two
operating systems,

See e.g.

Apple
Ex. 1004 - Page 25




L

ledt 0871

&

e
Ty

3

it

e
H
Ui

06 Dog

&
It

{1

§
!

D20y

Aot

¢

N

A1)

RN

3

oo

SRR
4

N
R)

@
RS

1

2

N

a

AR Y
3

WA A

0

SIS
W

w

—
W AR

e
N

WA

faTare

Z
]

" _
o odernds o
RIS AL Ty
1 AR, A

bloglol

4}

R GIHORYE

fope

Yoy
Iy

Apple

Ex. 1004 - Page 26



P

R
b N

R

Ay o
W
e

&

L

3

R

e

W
w

A

Ay
b

N

SR

nd

e

by
&

\

ey
»

ot
I

Ry

3
e

I

i

s

WL

sy

W

R

N
RN

N

A
W

Ny eV

L

o

IR

4}

X

0

0871

i

e

!
i

3

3

N

~

!
R T
bR

MR

U6 D

&
It

{1

§
!

it
)

A
R

.
Wit

N

W

T

Bk

i
Ea)
z

L2

.

o

ase

¢

Apple

Ex. 1004 - Page 27




Case: 1.22-0v-01808 Document £ 35 Fied: 0818122 Page 19 of 21 PagelD #1135

Hexagon ™ DSP processors in Snapdragon products

+ aD&E: Realdms
rosdia & sensor
PROCESSINY

L ‘W’ Uedicated

Sienawm T

bt /ideveloper aualcomm com/downioad hesagon hexagon-csp-arohiectine pdf

Apple
Ex. 1004 - Page 28



22-cv-01606 Document # 35 Filed: 0B/L8/22 Page 2 of 21 PageiD #1118

Q}
L2

Exhibit 1

Apple
Ex. 1004 - Page 29



Case: 1.22-0v-01808 Document £ 35 Fied: 0818122 Page 20 of 21 PagelD #1136

avarantees it ol the saks wif e sine CRU shave
Aand et each tme e oo i venly §§t e

A

rithim 4 e thiat sk ve-badameing i per mm i \i}‘i Righ
fnines fv guarasteed, e dgonthn does a

\‘-\\\\ \‘M\\ \\

v ' Naad
Rhowe 1 Aol Sachilectuny

Evaluating Android OS for Embedded Real-Time Systems,
ity personat eddalias e ~oxd L7350 conmses Fall LR T papersida pdf

Apple
Ex. 1004 - Page 30



Case: 1:22-cv-01806 Document # 35 Filed: 0841

;....

8722 Page 21 of 21 Pageil #1137

UNITED STATES DISTRICT COURT
FOR THE Northern District of Illinois — CM/ECF NextGen 1.6.3
Eastern Division

Sonrai Memory Limited
Plaintiff,
V. Case No.: 1:22—cv-01606
Honorable Elaine E. Bucklo
Motorola Mobility LLC
Defendant.

NOTIFICATION OF DOCKET ENTRY

This docket entry was made by the Clerk on Wednesday, August 17, 2022:

MINUTE entry before the Honorable Elaine E. Bucklo: Parties' joint motion to
dismiss [32] is granted. Plaintiff's claims for relief against Defendant are dismissed with
prejudice and Defendant's claims, defenses or counterclaims for relief against Plaintiff
without prejudice, each party bearing its own attorney's fees and costs. All pending dates
before this court are stricken. Civil case terminated. Mailed notice (Ixk, )

ATTENTION: This notice is being sent pursuant to Rule 77(d) of the Federal Rules of
Civil Procedure or Rule 49(c) of the Federal Rules of Criminal Procedure. It was
generated by CM/ECF, the automated docketing system used to maintain the civil and
criminal dockets of this District. If a minute order or other document is enclosed, please
refer to it for additional information.

For scheduled events, motion practices, recent opinions and other information, visit our
web site at www.ilnd.uscourts.gov.
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CHIP MULTTPROCESSOR WITH MULTITPLE
OPERATING SYSTEMS

FIELD OF THE INVENTION

The present invention is generally related to a computer
chip architecture having multiple 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 unavail-
able 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 devel-
oped. One conventional multiprocessing scheme (shown in
FIG. 1) includes a computer system 100 having multiple
processors 1040, 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.

Asecond conventional multiprocessing scheme (shown in
FIG. 2) includes a computer system 200 having a chip
multiprocessor 295. The chip multiprocessor includes mul-
tiple processors 210-240 on a single die 290. Similar to the
processors 10—40 in system 100, the processors 210240 are
connected to a single operating system 250 stored in a
memory 260. The 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., cur-
rently 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 mul-
tiple operating systems. However, Bugnion et al. discloses
multiple virtual processors, implemented 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 perfor-
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mance 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 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 proce-
dures 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 multi-
processing 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 oper-
ating 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 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
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 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 multiprocess-
ing scheme employing the principles of the present inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

In the following detailed description, numerous specific
details are set forth in order to provide a thorough under-
standing 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 invention. In
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other instances, well known structures, interfaces, and pro-
cesses 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 inven-
tion. System 300 includes a chip multiprocessor 350 having
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 operating system. Multiple pro-
cessors (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 inven-
tion. 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 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
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 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 oper-
ating system, or capable of simultaneously executing mul-
tiple 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 prob-
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lems realized when utilizing a single operating system with
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.

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.

What is claimed is:

1. A multiprocessing system comprising:

multiple processors mounted on a single die; and

multiple operating systems residing in a memory con-

nected 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. The system of claim 1, wherein at least one of said
processors is operable to execute two or more of said
multiple operating systems simultaneously.

3. The system of claim 1, wherein said multiple proces-
sors are connected to said memory via a bus to execute said
multiple operating systems.

4. The system of claim 1, wherein said multiple proces-
sors 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 oper-
ating systems.

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.

7. A multiprocessing system comprising:

a plurality of processor groups mounted on a single die;

and

multiple operating systems residing in a memory con-
nected 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. The system of claim 7, wherein each of said groups
includes multiple processors.

9. The system of claim 8, wherein said multiple proces-
sors in each of said groups are connected to said memory via
a bus to execute said multiple operating systems.

10. The system of claim 8, wherein said multiple proces-
sors in each of said groups are directly connected to said
memory to execute said multiple operating systems.

11. The system of claim 7, wherein each of said groups
executes a distinct operating system of said multiple oper-
ating systems.

12. 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 simulta-
neously execute two or more operating system means
of said plurality of operating system means; and
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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 [ Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NOQ. 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

ELECTRON

ICS AMERICA, INC.,

Copy 1—Upon initiation of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director

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
] Amendment ] Answer ] 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
8/11/2022 Order granting motion to dismiss (document #68).
CLERK (BY) DEPUTY CLERK DATE
Philip J. Devlin oy 08/12/2022
\

Copy 3—Upon termination of action, mail this copy to Director
Copy 4—Case file copy
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’ 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 [ Patents. ( [] the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
Western District of Texas

PLAINTIFF DEFENDANT

SONRAI MEMORY LTD. APPLE INC.

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

1 6,874,014 4/20/2004 SONRAI MEMORY LTD.

2 6,724,241 3/29/2005 SONRAI MEMORY LTD.

3

4

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
] Amendment ] Answer ] 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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TO:

Mail Stop 8

Director of the U.S. Patent and Trademark Office

P.O. Box 1450

Alexandria, VA 22313-1450

REPORT ON THE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT OR
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 Northern District of lllinois on the following
[] Trademarks or [A Patents. ( [ the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
22¢cv1606 3/28/2022 Northern District of lllinois
PLAINTIFF DEFENDANT

Sonrai Memory Limited

Motorola Mobility LLC

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

1 see attached

2

3

4

5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
[0 Amendment [J Answer [J Cross Bill [J 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
Thomas G. Bruton Jannette Nunez 3/30/2022

Copy 1—Upon initiation of action, mail this copy to Director

Copy 3—Upon termination of action, mail this copy to Director
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§
3
memwory means for storing said plurality ol operating
SYStem MRaas.

X The apparatos of claim 13, wharein said prosessor
means s connecied 1o said memory means vie a bus w
execute said multiple operating systems.

4. The apparstus of claim 12, whersin gaid processor
means is diveetly connectzd o sawd mewory means
execute said muliple opeating sysioms,

18 Phe apparatns of laim 12, whersin wach of snid
prosssors Of saiid processor means s operable o executs a
disoct one of saxd plovadity of operating system means,

6. The appaestus of claim 12, wheesta said processor
means neludes o phuoality of processor group meaus,

6
wherein each processor grovp means includes at least two of
said plurality of processors.

17, The apparatus of clidrn 16, wheeeta said plueality of
Processor group mesns s sperable to exeenie one oF more of
said phueality of operating system means.

I8, The appacatus of claimy 18, wherein sach of said
plavality of processor geoup means s operabls o t 3
distinet oae of said plurality of openiting sysiern means.

18, The appasitus of clains 12, whersin at Jeast one of siid
plurality of processors is eperable to simpltaneously exvepte
two or more of sid plurality of opesiting sysiem mesns.
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1
CHIP MULTIPROCESSOR WITH MULTIPLE
UPERATING SYSTEMS

FIELD OF THE INVENTION

The present ovention is generally related to a computsy
¢hip archijecture having mulliple processors on a single die,
More padticulatly, fhe presont ipveanon s wlated 10 4
mnltipaocessing chip ntiliving msltiple operating systems.

BACKGROUND OF THE INVENTION

Exising interogt daty penters (l[)t sy pack buadreds of
prosessors (e servers and the Yike) i 8 siogle buddiag for
processing a luge volome of data iransactions. Generally,
the compuie density o number of aides per voluime defines
the efficiency of the INC. The wompute dunsity ¢ 5 the
amortization of the high cost of the IDTC tnfrastrusiuee (2.0,
petworking, power, conligy, maisteaance, relishility, and
availabitity suppoe). Typically, the greater ths compmic
density, the betier the IRDC will be able o amortize the high
cost of IDC jofrastructare. Accordingdy, a lirge compuie
deusity may be preferred. However, space mway be pnasvail-
able or costly for locating a large owaber of processors
pecessiry for malaiaiaing 8 lavgs compute density.,

T provide inceasisd compute density, muliiprocssing
schsmes that wiilize muliiple processos bave been devels
oped. Oue converdional multiprocessing seherge (shown in
FIG D nclodes 2 computer sysiera 108 having mudngple
Jute’s e LMl cach oo a separate die (0., chip) 5084,
and conneeled 1o @ single operating system 90 stored 10 a
memory Y8 The systorn THY iy conserve space if fhe
system s provided o g single lum.msg

Asceond conventionsl ouliiprocessiag scheme {showa ja
PIG, 2) includes o computer sysicrn 200 haviog & chip
nanltipencessor 285, The chip mumpmuwn tochudes wnl-
tiple processors 3124 on 3 single e 290, Similar o the
processors 10-40 {g sysiern 100, the provessors 210-240 are
congicted 10 3 sfogle operating sysfern 280 siwed B oa
memoey 260, The processors. 216240 may comomaisaie
with the memory 260 via a bus 276, Systemn 200 conserves
space by providieg emtiople peo s on 3 singhe dis,
However, the systems 100 and 200 suffer rom well kuown
sealability problems,

Schemes that have placed multiple processors on @ sangle
chip typically vtilize @ stagle opeesting systen for fying all
the provessors together. A well known Umilation of thig
scheme atd other mudiprocessing sehemes wiilizing a single
operating system s thud an operating system does aot scale
well o large numbers of processors. That is, as the munher
aof pxmc\\uf\ managed by a single operafing systen
incosases, the effcncy of the operating systear goes dow
dramatically. For example, an operating system typically
wichudes ntemal dala structures that may be limikd 1w the
ngmbir of processors that cao be \upp(‘:ﬂuL and Heited
batdwidth on a bus may slow transsctinns. Thus, scaling
becomes mpracshical above some small number (e.g., cut-
readdy showl foue f¢ a1 wost 064 provessars, depending o the
uperaiiug system i guestion).

Buguion et al., in 1.8, Pat. No, 0,073,938, discloses using
« sache coherant potuniform TROLY arihitestuce {CC
NUMA) that supports mulliple processors executing mwls
tiple operating systems. However, Bugaion ot al, discloses
ninltiple virmat pro iy, implemenied @ software on 3
single physical provessor, This achiiecture Talls t© provide
mudiiple physical processors; implemened in hasdware, du
a single die. Accordingly, this architectre suffers 3 perfore

7 Filed: 03/30/22 Page 8 of 10 PageiD #48
2

1n

5

40

SN

G

i

o

wmiance peralty, because the single physical processor must
fask switch among multiple virtual processors (only oae
vietual pedcessoc can b running on the physioal processor at
afty given time). Moreover, i this architecture were o
support voultiple physival processors, § wonld aged spsce
for providing moltiple des, and processing speed woald
comuquenily be sacrifiesd due to the tnput/ouiput proce-
duges areded o commuagicate ymong the muliple separate
processors aid the mewmny.

SUMMARY OF THE INVENTION

stem mdudma‘ muhlpk prm'&\urx mmmtu}
die, The mu.lug,h.- progessors we conneeted o 3

on g »mgls.
miemory storing mudtiple operating systems. Each of the
multiple processors nuy sxecuts one of the mudtiple npere
ating systems.

Another aspeet of the present wvention is W provide a
wnltipeocessing systew nchcding a phasatity of processor
groups vaouaied ot @ siugle die, The processor groups we
wongected o3 memory stoving multiple opemting systems,
Each of the processor groups may exectie one of the
mulitple vperating systems, The processor group may
includde one or more processorns mounted on the dic.

Certgin embodiments of the preseut wvention are capable
of achieviag certna advaniages, inchuding some or all of the
following: mounting muhwlc provessars on a siogls g
reduses the cabling problem rohersot in connecting multiple
provessons o separate dics 18 separste housings: tnouming,
amltipls procossors on a single dic reduces the Iateney
required for commugteation among the processors and
mproves the officiensy of message passing, potentially
enabding a whole oew class of apphmtmns (o, data
mining} oty on such & pwltiproces yaierny mountiog
muliphe processaes oo 3 siogle dic recices chiip-ta- dup
commnaization costs amd leads o furtber power efficiency;
andd xveased scalabatity for multiprocessing,

Tramsi: slalled o the st will appreciite these and other
advantages and beaefis of virious wmbodiments of the
{oveation upon eading the ollovwing detafled deseription of
a peefered embodiment with refercans y the belov:listid
drawings.

B8G

BRIUF DESCRIFTION OF THE DRAWINGS

The peesent inveaiion 3s dnsirated by way of cxamgple
and not Hmitation i the acoompanying fgures in which Hke
pumexa) references cefier o hke clemients, and wherein:

FIG, T thusteates a conventiona) mudiprocessing, schams
includiag muliiple processors, ek o a separate die

FIG, 2 Husiraies 2 conventional raultipocessiag scheme
inc].udinﬁ wltiple provissors on o siogle disg

FIG. 3 {Husieates an »mhndimrm of a amliiprcesstiag
schee enploying the principles of the po it invention;
it

FIG. 4 tlustrates apother crubodbuest of 1 mulliprocess-
ing scheie suploviag the principles of the prescol nven-
tiot,

DETAILER: DESCRIFTION OF THE

INVENTION
o the following detailed descripion, mumenus spoctic
detaibs e set foeil {n ondsy W provide & thoeough vader-
standing of the presedd veotton. However, 1t will be
apparent 1o ime of ordigary skill in the act thet hese speaifie
details need not be used o practice the present invention. ln
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3
ather mstances, well Knows structiees, interfaces, and pro-
saes have pot been shown v detail o order wt to
unaewessarily chsouse the present nvention.

FIG. 3 illusiraies an entbodiment weluding & conputer
systegy 200 coyploving the poociples of the present 1opven-
tion. System 304 incindes o ohip msltiprocessor 388 haviag
multiple processors 303-320 mounted on 3 single dic 360,
The processos 305320 function wah operating svsiens
32334 respeetivelyy s ilesteatesd by conpections
348348, The operating systems 325-340 are stored in a
mmemory 368, Dering operation, esch provessor 398-320
MY 30Cess # rmpwn\“ operativgg system 325340 by
communteating wath the merory 368, for example, viw a bus
F7. Alteenatively, gach processor raay be dircetly conaeated
to the meninry 363 without using the tus 370, The memory
365 gy inelede oue or more of the following: SRAM
aadior DRAM on the same chip 85 00 0f tuore Processos;
SRAM and/or DRAM on sepacsic chips conavcled to caeor
more processors; wiagnetic media, sueh as tape or disky
optioal media, spete ss CD-ROM; and the Bke.
cssors JF-320 way be condigueed, such that sach
Of CXROUTES 1S W operating system. Multiple pro-

consines (6.8, mudiiple Processors i 4 Processor groupy may
also be eonfigueed 1o sxecute o siagle speratiag avsicin, FIG,
4 iustrates a second vobodivpent ncluding & compuder
systam MR smploving the principles of the preseat invens
tion. System 49 inchudes a chip muditprocessor 480 haviog
raultiple processors WS- mousted oo a single dic 368
The processors 054280 are divided o v processor
aroups 423 and 430 having processors 405 and 41Q in the
processey group 425 and processors A8 and 4204 1o the
provessor geoup 4300 The processor grong 428 cxcowtes an
operatng system 438 stored m @ memory 468 (as lustrated
by 8 copnection 473), and the processor group 430 exccutes
an nperating, system 449 stored o the
Hlusraied by a cousection 4803, During operation, oscly
prossessy grove S5-I oy access @ respeclive opersting
sysiem 438440 by conununicating with the memory 468,
for example, viv @ bus 470, Alternatively, cach processor
gudior peocessor godup may be direetly cononested o the
rwmary 468 without using the bis 470,

Tl operating systems showi in FIGS, 34 and deseribed
above tury inclwde conventional vpeeating systems, such ag
WINDOWS NT, UNIX and the Tike, sad the prosussors o
systems 300 wnd $08 wany include sovventional processors,
Bach processor miay be ecapable of executing 2 single opur-
1, OF g\xmhlc of simuliancously excoutiog vwl-
peraling sysdems, for exangle, by context 5\\'mhtng,,
whmh may inclde rapidly switching betwean nultiple
operaiiug sysiema, Sysioms 300 and 400 may he operable to

cxecite v variety of applications, such as web servive,
datibase service and the tike. Four processors iire shows o
FIGE, 34 for illustration purposes, and 3t will be appacent
1o ane of ordinary skl doohe ant that moos o sy processorg
AndA PROCUSSOr QTOURs may be wehudiad ot the dies 366 and
46l Additionally, a5 1 known fn the art, the processors in
systems 30 sud 400 WY assess ok oy taone caches (o
showa)

Howil] be apparent 10 one of ordinary skill du the act that
4 system emploging the pringiples of the prssent invention
way be operable o sapport both processor groups and
s on # sdople die, such thad vach provessor group
SOF pot WHEID i procsssar grong exeenles 3
distinet operaling systm.

Having cach processor (00 processor growp) execuiing its
ow jndependent operating sysiew nunimizes scaling prob.

memory 468 {as

1n

40

SN

G

4
lems mealized when ntilizing a single openiting system with
msltiple processors. For example, one lwndeed processors
independently excciug one buadred opoesting systenis
may be g more of 2 problem than cae processor exeenting
one operating sysiern. The embodinients descabed sbove
ars operable o provide this type of sealtng on a single chip,

While this invention has peen descdbed i conjunshon
with the specitie cubodhuents thersod

L1t 3s evident it
many shtermadives, oodificabons aod vanations will be
apparct @ those shilled 10 the art There wre changes that
may be made withow departing frow the spirit and seope of
the invention.

Wit is claimed is:

LA mwltiprocessing system comaprising

multiple processors mvuated ou & single die; and

multiple operating svstems residing 0 3 memory oon

vested 1o said wnliiple processors,

wherelnn each of said wultiple processors exceuies ag
operating systom of seid multiple operating sysions,
andd fwva or more of siaid muliipde peocessors are cagible
of sumltaneonsly execuling two o more operating
sysivns of said muliiple operatiog sysioms,

2 The system of claim 1, whewia at Jeast one of said
processors is opereble o esecute two of more of sad
multiple nperating systeas stiulisneansly.

X The system of clum 1, wherein said mudtiple proces.
sors are cognected to xaid memory via a hus 1 exeaute said
muftiple aperglng systems.

4. The sysiem of clatm 1, wherein said omltiple prod
aors e divectly conpeated o sald memory o execuls sad
mudtiple perating systems.

&, The system of claim X, wherein cach of said processors
executes 1 distinet operating system of sad ouliiple opor-
ating sy

6. The system of chatm 1, further comprising multiple
processor groups, wherein cach processor gronp inclides at
Jeast fwer of said madiiple provessors exeetniag one of said
mulifple operating sysiems.

T A mulprocessioy SYSIRIM Compusion:

3 phurality of prossssor groups mowited on a siogls die;

ad

mwdtiple opeating systems mshHog 8 3 manory oo

pected to suid gronps, wheesin cich of said groups

Xecutes an operating system of sad owliiple operating
systems, and two or morg of said Pluratity of processor
groups are capable of simultaneousty execuling two o
more operating systems of sad andirple oporating
GYSHIE

8. The syslem of elatm 7, wherely each of said groups
mehdes multiple processors,

9. e system of claim 8 wherein said mudtiple proces-
sors  sach of sald groups are connected t said niemory via
& bus 1o execte said nodtiple vperating systems.

1 The system of olaim 8, whoreln said multiple pr
sovs i each of said groups are direcily connected 1o xau}
memoy o execule said multiple operating systems,

1L The system of oo 7, wheesia cact of said gooups
executes @ distingt operatiig system of sad muliiple oper-
ating systems,

12 A maiprosessing apparatnys comprisinsg;

processor migans for exeouting a plucality of operating

systent mwans, whatekhn said processor means inctudes
a plurality of processors monatsst onca stogle div, aod
wherein said processor meaos s operable to simubise
XGORSlY CRENIE WD OF MOYE Operaling sYsten means
of satd plurality of eperating system means; and
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’ 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.8.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
[] Trademaiks or [V Patents. ( [ the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
6:22-cv-00029 1/7/2022 Western District of Texas
PLAINTIFF DEFENDANT
SONRAI MEMORY LIMITED LENGVO GROUP LTD.; MOTOROLA MOBILITY LLC
PATENT OR DATE OF PATENT . S A TN (D T . ,
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 6,874,014 3/29/2005 SONRAI MEMORY LIMITED
2
3
4
5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY
0 Amendment ] Answer [ Cross Bill ] Other Pleading
DATE OF PATENT Ty T T A TN - - -
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
Notice of Voluntary Dismissal (document #11).
CLERK (BY) DEPUTY £T.ERK DATE

r

03/28/2022

Jeannette J. Clack

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy te Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4—Case file copy




Trials@uspto.gov

Paper 6

571-272-7822 Date: March 4, 2022

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

GOOGLE LLC,
Petitioner,

V.

SONRAI MEMORY LIMITED,
Patent Owner.

IPR2021-01454
Patent 6,874,014 B2

Before GREGG 1. ANDERSON, STACEY G. WHITE, and
JOHN D. HAMANN, Administrative Patent Judges.

HAMANN, Administrative Patent Judge.

DECISION
Granting Institution of Inter Partes Review
35US.C. $314
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IPR2021-01454
Patent 6,874,014 B2

I. INTRODUCTION

Google LLC (“Petitioner”) filed a petition for inter partes review of
claims 1-3, 5-9, 11-13, and 15-19 (“the challenged claims”) of U.S. Patent
No. 6,874,014 B2 (Ex. 1001, “the *014 patent”). Paper 1 (“Pet.”). Sonrai
Memory Limited (“Patent Owner”) did not file a Preliminary Response.

Institution of an inter partes review is authorized by statute when “the
information presented in the petition . . . and any response . . . shows that
there is a reasonable likelihood that the petitioner would prevail with respect
to at least 1 of the claims challenged in the petition.” 35 U.S.C. § 314(a)
(2018); see 37 C.F.R. § 42.108 (2020). Upon consideration of the papers,
we conclude that the information presented shows that there is a reasonable
likelihood that Petitioner would prevail in establishing the unpatentability of
at least one challenged claim of the ’014 patent.

A. Real Parties-in-Interest

The parties identify themselves as the real parties-in-interest. Pet. 1;
Paper 5, 1. In addition, Petitioner states that it “is a subsidiary of XXVI
Holdings Inc., which is a subsidiary of Alphabet Inc.,” and that “XXVI
Holdings Inc. and Alphabet Inc. are not real parties-in-interest to this
proceeding.” Pet. 1 n.1.

R Related Matters

The parties collectively identify the following as matters that may
affect, or be affected by, a decision in this proceeding: (i) Sonrai Memory
Ltd. v. Google LLC, 6-21-cv-00167 (W.D. Tex.); (ii) Sonrai Memory Ltd. v.
LG Electronics Inc., 6-21-cv-00168 (W.D. T'ex.); (iii) Sonrai Memory Ltd. v.
Samsung Electronics Co., Ltd., Case No. 6: 21-cv-00169-ADA (W.D. Tex.);
and (iv) Sonrai Memory Limited v. Amazon.com, Inc., Case No. 6:21-cv-

00991-ADA (W.D. Tex.). Pet. 1; Paper 5, 1.
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C. The Challenged Patent

The ’014 patent “is generally related to a computer chip architecture
having multiple processors on a single die,” and “[m]ore particularly, . . . is
related to a multiprocessing chip utilizing multiple operating systems.”
Ex. 1001, 1:6-9. The ’014 patent teaches having multiple processors
mounted on a single die, which “is connected to a memory storing multiple
operating systems.” Id. at code (57). “Each of the processors or a group of
one or more of the processors is operable to execute a distinct one of the
multiple operating systems.” Id. “Therefore, resources for a single
operating system may be dedicated to one processor or a group of
proc.essors."’ Id. “Consequently, a large number of processors mounted on a
single die can operate efficiently,” according to the 014 patent. Id.

Figure 3, shown below, “illustrates an embodiment of a
multiprocessing scheme,” in accordance with the *014 patent. Id. at 2:54—

55.

300
e MEMORY @ /*365
v - T P\
r\
345 | a1 | {"3\47 | 348 ~370
% \ J ML
| “ \‘ DU ,, ;l |
i i i} I
L3 & 'y +
PROCESSOR PROCESSOR PROCESSOR PROCESSOR
305 310 316 320
CHIP MULTIPROCESSOR 360
350
FIG. 3
3
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Figure 3 “illustrates an embodiment including a computer system 300
employing the principles of the” 014 patent. Id. at 3:4—6. As illustrated,
“[s]ystem 300 includes a chip multiprocessor 350 having multiple processors
305-320 mounted on a single die 360.” Id. at 3:6-7, Fig. 3. “The
processors 305-320 function with operating systems 325-340 respectively,
as illustrated by connections 345-348.” Id. at 3:8—10. “The operating
systems 325-340 are stored in a memory 365.” Id. at 3:10-11. The *014
patent discloses that “[d]uring operation, each processor 305-320 may
access a respective operating system 325-340 by communicating with the
memory 365, for examplc, via a bus 370.” Id. at 3:11-15.

The ’014 patent discloses that “[p]rocessors 305-320 may be
configured, such that each processor executes its own operating system,” or
“Im]ultiple processors (e.g., multiple processors in a processor group) may
... be configured to execute a single operating system.” Id. at 3:21-24,
Moreover, “[e]ach 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.” Id. at 3:46-50.

D. The Challenged Claims

Petitioner challenges claims 1-3, 5-9, 11-13, and 15-19 of the *014
patent. Claims 1, 7, and 12 are independent claims. Claim 1 is illustrative
of the challenged claims and is reproduced below:

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,

wherein each of said multiple processors exccutcs an
operating system of said multiple operating systems, and two or
more of said multiple processors are capable of simultaneously
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executing two or more operating systems of said multiple
operdaling systems.

Ex. 1001, 4:14-22.
E. Asserted Grounds of Unpatentability
Petitioner asserts that the challenged claims of the 014 patent are

unpatentable based on the following grounds:

Claim(s) Challenged 35US.C. §! Reference(s)/Basis
1-3, 5-9, 11-13, 15-19 103(a) Asano,? Joy?
1-3,5-9,11-13, 15-19 103(a) Asano, Babaian*

Pet. 2-3, 12-73. Petitioner submits in support of its arguments the
Declaration of Dr. Martin Walker (Ex. 1002).
II. LEVEL OF ORDINARY SKILL IN THE ART

To determine whether an invention would have been obvious at the
time it was made, we consider the level of ordinary skill in the pertinent art
at the time of the invention. Graham v. John Deere Co., 383 U.S. 1,
17 (1966). In assessing the level of ordinary skill in the art, various factors
may be considered, including the “type of problems encountered in the art;
prior art solutions to those problems; rapidity with which innovations are
made; sophistication of the technology; and educational level of active

workers in the field.” In re GPAC, Inc., 57 F.3d 1573, 1579 (Fed. Cir. 1995)

! The Leahy-Smith America Invents Act (“AIA”) included revisions to 35
U.S.C. § 103 that became effective on March 16, 2013. Because the 014
patent issued from an application filed before March 16, 2013, we apply the
pre-AlA version of the statutory basis for unpatentability.

2US 2001/0044817 Al, published Nov. 22, 2001 (Ex. 1005, “Asano”).
3US 6,542,991 B1, issued Apr. 1, 2003 (Ex. 1006, “Joy”),

4US 7,143,401 B2, issued Nov. 28, 2006 (Ex. 1007, “Babaian”).

5
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(citing Custom Accessories, Inc. v. Jeffrey-Allan Indus., Inc., 807 F.2d 955,
962-63 (Fed. Cir. 1986)). “[O]ne or more factors may predominate.” Id.

Petitioner argues that one of ordinary skill in the art “would have had
an undergraduate degree in electrical engineering, computer engineering,
computer science, or a related field along with at least two years of work
experience in the field of computer processor architecture.” Pet. 3—4 (citing
Ex. 1002 Y 15—17). Petitioner adds that “[m]ore education can supplement
practical experience and vice versa.” Id. at 4 (citing Ex. 1002 Y 15-17).

For purposes of this Decision, and based on the current record, we
adopt Petitioner’s assessment of the level of skill for one of ordinary skill in
the art. This assessment is consistent with the ’014 patent and the asserted
prior art, and we apply it in our analysis below.

I1I. CLAIM CONSTRUCTION

Because the Petition was filed after November 13, 2018, we apply the
same claim construction standard that would be used in a civil action under
35 U.S.C. § 282(b), following the standard articulated in Phillips v. AWH
Corp., 415 F.3d 1303 (Fed. Cir. 2005) (en banc). 37 C.F.R. § 42.100(b),
~ 83 Fed. Reg. 51,340, 51,340-41, 51,343 (Oct. 11, 2018). In applying such
standard, claim terms generally are given their ordinary and customary
meaning, as would be understood by a person of ordinary skill in the art, at
the time of the invention and in the context of the entire patent disclosure.
Phillips, 415 F.3d at 1312-13. “In determining the meaning of the disputed
claim limitation, we look principally to the intrinsic evidence of record,
examining the claim language itself, the written description, and the
prosecution history, if in evidence.” DePuy Spine, Inc. v. Medtronic
Sofamor Danek, Inc., 469 F.3d 1005, 1014 (Fed. Cir. 2006) (citing Phillips,
415 F.3d at 1312-17).

6 (
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Petitioner does not identify any claim terms that we need to construe
in order to determine whether to institute an inter partes review. Pet. 10-12.
Thus, at this stage of the proceeding, we do not provide any express
constructions, and we afford the claim terms relevant to our analysis below
their plain and ordinary meaning. See, e.g., Nidec Motor Corp. v.
Zhongshan Broad Ocean Motor Co., 868 F.3d 1013, 1017 (Fed. Cir. 2017)
(quoting Vivid Techs., Inc. v. Am. Sci. & Eng’g, Inc., 200 F.3d 795, 803
(Fed. Cir. 1999)) (“[ W]e need only construe terms ‘that are in controversy,
and only to the extent necessary to resolve the controversy.’”).

IV. PRINCIPLES OF LAW

A claim is unpatentable under 35 U.S.C. § 103(a) if the differences
between the claimed subject matter and the prior art are such that the subject
matter, as a whole, would have been obvious at the time of the invention to a
person having ordinary skill in the art. KSR Int’l Co. v. Teleflex, Inc., 550
U.S. 398, 406 (2007). The question of obviousness is resolved on the basis
of underlying factual determinations, including: (1) the scope and content of
the prior art; (2) any differences between the claimed subject matter and the
prior art; (3) the level of ordinary skill in the art; and (4) objective evidence
of non-obviousness, if present. See Graham, 383 U.S. at 17-18. When
evaluating a claim for obviousness, we also must “determine whether there
was an apparent reason to combine the known elements in the fashion
claimed by the patent at issue.” KSR, 550 U.S. at 418 (citing In re Kahn,
441 F.3d 977, 988 (Fed. Cir. 2006)).

V. ALLEGED OBVIOUSNESS OVER ASANO AND JOY

Petitioner argues that the combination of Asano and Joy renders

claims 1-3, 5-9, 11-13, and 1519 of the 014 patent obvious. Pet, 12—-54,

Patent Owner did not file a Preliminary Response, and thus, at this stage in
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the proceeding, Patent Owner does not address Petitioner’s arguments and
evidence. We focus on challenged claim 1, which is illustrative of the
challenged claims, for the analysis we provide below. For the reasons that
follow, we determine that Petitioner establishes a reasonable likelihood that
it would prevail in showing that the combination of Asano and Joy renders at
least claim 1 obvious.

A. Summary of Asano ¢

Asano “relates to . . . controlling a computer system in which a

plurality of operating systems . . . operate on one computer, and in
particular, to . . . controlling a computer system in which computer resources
can be efficiently used or operated in an operating state of a plurality of
operating systems.” Ex. 1005 § 1. Figure 1, shown below, illustrates

Asano’s teachings. Id. 9§ 30.

COMPUTER { 120
12a 12b 12n 121 122
) $ § ¢ ¢
MULTI OS
0S-1 AREA OS-2AREA  |eeeee 0S-n AREA MANAGEMENT EMPTY AREA
CONTROLLER
MAIN MEMORY
11a 11b 11n I~ 110 1?0
: , ‘ oS
CPU-1 CPU2  |emwee CPU-n CONTROL SUPPORTER
CPU GROUP 150
§
130
1 — 2 T
——
_____ / \ @ I com | com | .
§ ) 136 137
13 132 133 134 135

Figure 1 illustrates the structure of an embodiment of a computer system, in
accordance with Asano’s teachings. Id. As illustrated, “a computer system
100 includes a processor group 110, a main memory 120, an external

input/output device group 130, a multiple operating system (multi OS)
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management control supporter 140, and a bus 150 establishing connections
between the constituent components.” Id. § 30, Fig. 1. “The processor
group 110 is a set of one or more processors (CPUs) and includes processors
11a, 116 ..., 11n.” Id §31. “The main memory 120 includes main
memory areas 12a to 12» independent of each other,” and which “are
allocated respectively to operating systems, i.e., operating system 1 (OS-1)
to operating system n (OS-n).” Id. “The main memory 120 further includes
a main storage area 121 for the multiple operating system management
controller . . ..” Id “The external device group 130 includes an input
keyboard 131, an output display 132, external storages 133 to 135 for
respective operating systems, and communicating devices 136 and 137, and
other devices, not shown.” Id. “To enable one computer system to execute
a plurality of operating systems, the supporter 140 intervenes between the
processor group 110, the main memory 120, and the external device group
130 of the computer system 100.” Id.
B. Summary of Joy

Joy relates to “multiple-threading processor architectures and methods
of operation and execution.” Ex. 1006, 1:36-39. More specifically, Joy
teaches that “[a] processor reduces wasted cycle time resulting from stalling
and idling, and increases the proportion of execution time, by supporting and
implementing both vertical multithreading and horizontal multithreading.”
Id at2:17-20. Joy teaches that “[i]n vertical multithreading, multiple
hardware threads share the same processor pipeline,” and “[h]orizontal
multithreading increases parallelism within the processor circuit structure,
for example within a single integrated circuit die that makes up a single-chip
processor.” Id. at 2:22-28. According to Joy, “[t]o further increase system

parallelism in some processor embodiments, multiple processor cores are
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formed in a single die.” Id. at 2:29-31. For example, “[a] horizontal
threaded processor, using a technique called chip-multiple processing,
combines multiple processors on a single integrated circuit die,” according
to Joy. Id. at 7:4—6. Joy teaches that “[t]he multiple processors are
vertically threaded to form a processor with both vertical and horizontal
threading, augmenting executing efficiency and decreasing latency in a
multiplicative [ashion.” Id. at 7:6-9.

C. Challenged Claim 1

1. A Multiprocessing System (Preamblc)

Petitioner argues that Asano teaches “[a] multiprocessing system,” as
recited in the preamble of claim 1. Pet. 12-13. More specifically, Petitioner
argues that Asano teaches a computer system that includes a processor group
110 for executing a plurality of operating systems. Id. (citing Ex. 1005 {1,
30-31, Fig. 1). Petitioner adds that “[t]he processor group 110 is a set of
one or more processors (CPUs) and includes processors 11a, 11b ..., 11In.”
Id. at 13 (quoting Ex. 1005 § 31). According to Petitioner, one of ordinary
skill in the art “would have thus understood that Asano’s computer system is
a multiprocessing system, as claimed because the system includes multiple
processors (e.g., processors 11a through 11n).” Id. (citing Ex. 1002 § 58).

After reviewing Petitioner’s arguments and evidence, which are not
addressed by Patent Owner at this stage of the proceeding, we are persuaded
that Petitioner demonstrates, for purposes of this institution decision, that
Asano teaches “[a] multiprocessing system.” In light of our finding, we
need not, and thus do not, reach whether claim 1’s preamble is limiting.

2. Multiple Processors ‘

Petitioner argues that the combination of Asano and Joy teaches

“mulliple processors mounted on a single die,” as recited in claim 1. Pet.

10
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14-23. More specifically, Petitioner argues that Asano teaches a “computer
system that includes a processor group 110 that includes multiple
processors.” Id. at 14 (citing Ex. 1005 §930-31); see also id. (citing
Ex. 1005 9 31, Fig. 1 (annotating processors 11a, 11b ... 11n); Ex. 1002
1 60). As to Joy, Petitioner argues that Joy teaches having “multiple
processors mounted on a single die.” Id. at 15 (citing Ex. 1002 9 51-53,
62); see also id. (citing Ex. 1006, 2:17-32, 7:4—6) (arguing same).
Petitioner argues that “it would have been obvious to implement
Asano’s computer system with multiple processors mounted on a single die
based on the teachings and suggestions of Joy and the knowledge of” one of
ordinary skill in the art. Id. at 14 (citing Ex. 1002 § 61). According to
Petitioner, “[s]uch an implementation would have been a straightforward
combination of well-known technologies using known methods and would
have had predictable results.” Id. at 18 (citation omitted). In particular,
Petitioner argues that “the benefits of having multiple processors on a single
die in a multi-processor system (such as the system in Asano) were well
known in the art before the 014 patent.” Id. at 19 (citing Ex. 1002 § 72);
see also id. at 20-21 (citing Ex. 1008, 1; Ex. 1009,° Abstract; Ex. 1010,’
1:37-60; Ex. 1011,2 292); id. at 21 (citing Ex. 1001, 1:34—44, Fig. 2; Ex.
1002 9 72) (arguing that the 014 patent admits that “using multiple

5 Alan Joch, HOW-TO Chip Multiprocessing, COMPUTERWORLD, Nov. 27,
2000.

6 Kunle Olukotun et al., The Case for a Single-Chip Multiprocessor, ACM
SIGP LAN Notices, vol. 31, issue 9, Sept. 1996.

7US 6,550,020 B1, issued Apr. 15, 2003.

8 Luiz André Barroso et al., Piranha: A Scalable Architecture Based on
Single-Chip Multiprocessing, Proc. 27th ACM Int’l Symp. Computer
Architecture, 2000.

11
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processors mounted on a single die in a computer system as conventional
and beneficial”).

Moreover, Petitioner argues that one of ordinary skill in the art
“would have . . . recognized that implementing Joy’s teachings regarding the
multiple processors combined on a single integrated circuit die in Asano
would have allowed the combined system to allocate (via context switching)
each processor from an operating system to another operating system at
nanosecond speeds.” Id. at 19 (citing Ex. 1006, 7:49-54; Ex. 1002 § 70).

After reviewing Petitioner’s arguments and evidence, which are not
addressed by Patent Owner at this stage of the proceeding, we are persuaded
that Petitioner demonstrates, for purposes of this institution decision, that the
combination of Asano and Joy teaches “multiple processors mounted on a
single die.” We also find, at this stage of the proceeding, that Petitioner has
provided sufficiently articulated reasoning with rational underpinning to
support Petitioner’s combining of Asano and Joy for this limitation. See
Kahn, 441 F.3d at 988, cited with approval in KSR, 550 U.S. at 418.

3. Multiple Operating Systems

Petitioner argues that the combination of Asano and Joy teaches
“multiple operating systems residing in a memory connected to said multiple
processors,” as recited in claim 1. Pet. 23-26. More specifically, Petitioner
argucs that Asano teaches “that the computer system 100 includes a main
memory 120 (‘memory’),” which “‘includes main memory areas 12a to 12n’
that are ‘allocated respectively to operating systems, i.e., operating system 1
(OS-1) to operating system n (OS-n).”” Id. at 23 (citing Ex. 1005 q{ 30-31,
Fig. 1); see also id. at 24 (citing Ex. 1005, Fig. 1) (highlighting in yellow
OS-1 to OS-n and highlighting in blue main memory 120). Petitioner argues .

that thus one of ordinary skill in the art “would have understood that the

12
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multiple operating systems (e.g., OS-1 to OS-n) reside in memory 120.” Id.
at 23 (citing Ex. 1002 § 77).

In addition, Petitioner argues that Asano teaches “that the memory
120 is connected to the multiple processors.” Id. at 24 (citing Ex. 1002
9 78). More specifically, Petitioner argues that “the computer system 100
includes a bus 150 . . . connecting the processor group 110 . . ., which
includes multiple processors (e.g., CPU-1 to CPU-n), and the main memory
120.” Id. (citing Ex. 1005 99 30-31, Fig. 1). Petitioner adds that “[t]he
system further includes a multiple operating system management (multi-OS)
control supporter 140 . . . that ‘allocate[s] computer resources to the
operating system.”” Id. (citing Ex. 1005 § 31, code (57)) (third alteration in
original). According to Petitioner, one of ordinary skill in the art “would
have thus understood that the multiple operating systems residing in memory
120 are connected to the multiple processors in the processor group 110.”
Id. a1 25 (Ex. 1002 9§ 80).

After reviewing Petitioner’s arguments and evidence, which are not
addressed by Patent Owner at this stage of the proceeding, we are persuaded
that Petitioner demonstrates, for purposes of this institution decision, that the
combination of Asano and Joy teaches “multiple operating systems residing
in a memory connected to said multiple processors.”

4. Wherein Lach of Suid Multiple Frucessuors

Petitioner argues that the combination of Asano and Joy teaches
“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. Pet. 26-32. More

specifically, Petitioner argues that Asano teaches “that each of the
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processors is allocated to execute an operating system.” Id. at 26 (citing

Ex. 1002 § 84). According to Petitioner, Asano teaches, for example, “that
the computer system 100 includes a processor group 110 that interacts with a
multi-OS control supporter 140 to operate (‘execute’) a plurality of
operating systems, OS-1 to OS-n.” Id. at 26-27 (citing Ex. 1005 99 30-31).

Petitioner adds that Asano’s Figure 2 “illustrates one configuration of
the system shown in Figure 1 where two operating systems, OS-1 and OS-2
.. ., are simultaneously running in the computer system 100.” Id. at 27
(Ex. 1005 99 32-33). More specifically, Petitioner argues that Asano
teaches “that processor group 110 is divided into two groups (CPU group
221 and 222 ...),” and that “[t]hese CPU groups are each allocated to run at
least one operating system.” Id. at 27-28 (citing Ex. 1005 9 32-33, 35, Fig.
2). According to Petitioner, one of ordinary skill in the art “would have
understood that the allocation of the processors to the first and second
operating systems would have resulted in processors executing the operating
systems.” Id. at 28 (citing Ex. 1002 q 85; Ex. 1005 99 1, 35).

In addition, Petitioner argues that Asano teaches that the “two or more
of said multiple processors are capable of simultaneously executing two or
more operating systems of said multiple operating systems.” Id. (citing
Ex. 1002 § 86). Petitioner argues that Asano teaches, for example, “a
method of allocating the processors to simultaneously ekecute multiple
operating systems where each CPU within a given CPU group ‘is allocated
to another operating system at a predetermined interval of time.”” Id.
(quoting Ex. 1005 9 35). According to Petitioner, one of ordinary skill in the
art “would have understood that this allocation of each of the processors to
another operating system is a switching mechanism that provides each

processor the capability to switch between multiple operating systems,
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which are simultaneously running in the system.” Id. (citing Ex. 1002 { 86).
Petitioner argues that “[t]he *014 patent describes a similar process, where
‘[e]ach processor may be ... capable of simultaneously executing multiple
operating systems, for example, by context switching, which may include
rapidly switching between multiple operating systems.’” Id. at 28-29
(quoting Ex. 1001, 3:46-51; citing Ex. 1002 § 87; Ex. 1005 q 35) (second
and third alterations in original).

After reviewing Petitioner’s arguments and evidence, which are not
addressed by Patent Owner at this stage of the proceeding, we are persuaded
that Petitioner demonstrates, for purposes of this institution decision, that the
combination of Asano and Joy teaches “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.”

5. Summary

In summary, based on the current record, and for purposes of this
institution decision, we determine that Petitioner shows a reasonable
likelihood that it would prevail in showing that claim 1 would have been
obvious to one of ordinary skill in the art in view of Asano and Joy.

D. Challeriged Cluims 2, 3, 5-9, 11-13, und 15-19

At this stage in the proceeding, Patent Owner does not address
Petitioner’s arguments and evidence,as to how the combination of Asano
and Joy teaches the limitations of claims 2, 3, 5-9, 11-13, and 15-19. We
have reviewed Petitioner’s arguments and evidence regarding these claims,
and, on the current record, we find them persuasive for purposes of
institution.

15
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VI. ALLEGED OBVIOUSNESS OVER ASANO AND BABAIAN

Petitioner argues that the combination of Asano and Babaian renders
claims 1-3, 5-9, 11—13, and 15-19 obvious. Pet. 3, 55-73. At this stage in
the proceeding, Patent Owner does not address Petitioner’s arguments and
evidence as to how the combination of Asano and Babaian teaches the
limitations of these claims. We have reviewed Petitioner’s arguments and
evidence regarding these claims, and, on the current record, we find them
persuasive for purposes of institution.

VII. CONCLUSION

For the foregoing reasons, we determine that Petitioner has
demonstrated that there is a reasonable likelihood that it would prevail in
proving the unpatentability of at least one of the challenged claims of the
’014 patent. We thus institute an inter partes review of all of the challenged
claims of the 014 patent on all grounds asserted in the Petition. See
37 C.F.R. § 42.108(a).

Any findings or conclusions in this Decision are made only for the
purposes of institution and are not dispositive of any issue. We have not
made a final determination with respect to the patentability of any
challenged claim. Our final determination will be based on the record as
fully developed during trial, including any evidence or argument timely

presented by the parties under our Rules.
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VIII. ORDER

In consideration of the foregoing, it is hereby:

ORDERED that, pursuant to 35 U.S.C. § 314(a), an inter partes
review of the *014 patent is instituted on all of the challenged claims and all
grounds asserted in the Petition; and

FURTHER ORDERED that pursuant to 35 U.S.C. § 314(c) and
37 C.F.R. § 42.4, notice is hereby given of the institution of a trial; the trial

commences on the entry date of this Decision.
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2 6,829,691 12/7/2004 SONRAIMEMORYLIMITED

3 6,874,014 3/19/2005 SONRAIMEMORYLIMITED

4

5

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




Case 6:21-cv-0018688-ADA  Document 3

AO 120 (Rev. 08/10)

Filed 02/23/21 Page lofl

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

INC.

LG ELECTRONICS INC.; LG ELECTRONICS U.S.A,,

TRigEIIE/ITR?(RN o. %AI;T"]?RCZTD};EﬁEII;IIZ 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 ] Cross Bill (] Other Pleading

TRZEZSSIE/ITR?(RN o. %;T”ERCZTD};ﬁfgIZ 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 2—Upon filing document adding patent(s), mail this copy to Director

N

Copy 3—Upon termination of action, mail this copy to Director

Copy 4—Case file copy




Case 6:21-ov-00167-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-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 ] 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




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 NOQ. 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.,
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 ] 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 3—Upon termination of action, mail this copy to Director

Copy 1—Upon initiation of action, mail this copy to Director
Copy 4—Case file copy

Copy 2—Upon filing document adding patent(s), mail this copy to Director
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UNITED STATES PATENT AND TRADEMARK QFFICE

UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
P.0. Box 1450
Alexandria, Virginia 22313-1450
WWW.USPLo.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

7590 1212172004 | 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. FILING DATE FIRST NAMED INVENTOR 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 | SMALL ENTITY l ISSUE FEE L PUBLICATION FEE | TOTAL FEE(S) DUE l DATE DUE |
nonprovisional NO $1400 $300 31700 03/21/2005

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

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 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. s

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.

I, 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.
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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 requir_ed{). Blocks 1 through S 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 | 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

Eaper;. Each additional paper, such as an assignment or formal drawing, must
7590 . 1272172004 : ave its own certificate of mailing or transmission.
HEWLETT-PACKARD COMPANY Certificate of Mailing or Transmission
ini 3 I hereby certify that this Fee(s) Transmittal is being deposited with the United
Intellectual Property Administration States Postal ?ervice with su%)lcient postage for first class mail in an envelope
P.O. Box 272400 addressed to the Mail Sto? ISSUE' FEE address above, or being facsimile
Fort Collins, CO 80527-2400 transmitted to the USPTO (703) 746-4000, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
[ appLiCATION NO. FILING DATE | FIRST NAMED INVENTOR | 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
I APPLN. TYPE | SMALL ENTITY I ISSUE FEE I PUBLICATION FEE I TOTAL FEE(S) DUE DATE DUE j
nonprovisional NO $1400 $300 $1700 03/21/2005
| EXAMINER | ART UNIT | cLass-sucLass |
MOAZZAMI, NASSER G 2187 709-213000
1. Chanfe of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.563). (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 member a 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 attomeys or agents. If no nameis 3
Number is required. listed, no name will be printed.

w2

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document 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 (J Corporation or other private group entity (J 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.
{1 publication Fee (No small entity discount permitted) a Payment by credit card. Form PTO-2038 is attached.
J 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)
. 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 USPTQ is requested to quly 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 attorney 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 required to obtain or retain a benefit bé 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 va{gl de ending upon the individual case. Any comments on the amount of time you require to complete

this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.

R?X 143(), A\l,qxap .ng,z ;’;r In‘ig 52313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
exandria, Virginia - .

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB contro! 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 OQFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

I APPLICATION NO. [ FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. ] CONFIRMATION NO. I
09/865,605 05/29/2001 Stephen E. Richardson 10013854-1 4135
7590 1212172004 I 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

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

a)[J Al b)y[OJSome* c)[JNone of the:
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 result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] 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) [0 including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) heretoor 2) [J to Péper 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. ] 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. [ 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
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HEWLETT-PACKARD COMPANY\,
Intellectual Property Administration

P.O. Box 272400
Fort Collins, Colorado 80527-2400

Atty Docket No.: 10013854-1

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 MULTIPROCESSOR WITH MULTIPLE OPERATING SYSTEMS

MAIL STOP AMENDMENT
Commissioner for Patents

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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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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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.
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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 precessor-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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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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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-
3s.

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 i
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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PATENT Atty Docket No.: 10013854-1
App. Ser. No.: 09/865,605
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 /\ rﬁl\()l( /Q\

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.
- K 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 16 July 2004.
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)L1 Claim(s) is/are allowed. ) N i - -
6) Claim(s) 7-20 is/are rejected.
7)1 Claim(s) _____is/are objected to.
8)L] 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 sheel(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 ().
a)JAlIl b)[] Some * ¢c)[] 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)).
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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 2 memory connected to said multiple processors [memory 95 and
operating system 90 (see Fig. 1)].

AAPA discloses the claimed invention, but fails to specifically teaph 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 integfal 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

efficient than the separate IC product [column 1, lines 22-34].

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 MOAZZAMI
PRIMARY EXAMINEF:

\_,_;"‘\_N
08/23/2004
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HEWLETT-PACKARD CON]PANYJ:‘ o
Intellectual Property Administration A >
P.O. Box 272400 - Cald

Fort Collins, Colorado 80527-2400

Atty Docket No.: 10013854-1

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 MULTIIPROCESSOR 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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HEWLETT-PACKARD COMPANY / ®
Intellectual Property Administration? N ul PATENT APPLICATION
P. 0. Box 272400 W g .
Fort Collins, Colorado 80527-2400 ° g ATTORNEY DOCKET NO. _ 10013854-1
e °* IN THE
UNITED STATHOPATENT AND TRADEMARK OFFICE
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 MULTIHIIPROCESSOR WITH MULTIPLE OPERATING SYSTEMS

- RECEIVED

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: o
(X) Response/Amendment ( ) Petition to extend time 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
(1) (2) (3) {4) (5) (6) (7)
FOR CLAIMS REMAINING [ NUMBER HIGHEST NUMBER PRESENT RATE ADDITIONAL
AFTER AMENDMENT| EXTRA | PREVIOUSLY PAID FOR EXTRA FEES
TOTAL
CLAIMS 20 MINUS 20 = ol X 318 $ 0
INDEP.
MINUS = X
CLAIMS 3 3 o $86| $ 0
[} FIRST PRESENTATION OF A MULTIPLE DEPENDENT CLAIM + s290| s 0
EXTENSION 1ST MONTH 2ND MONTH 3RD MONTH 4TH MONTH s o
FEE
$110.00 '— $420.00 ['— $950.00 I_ $1480.00 I_
OTHER FEES $
TOTAL ADDITIONAL FEE FOR THIS AMENDMENT $ 4]
Charge $ 0 to Deposit Account 08-2025. 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. 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 - 7;’9# ‘/7
22313-1450. By ¢ (R Ay 1

Date of Deposit: Ashok K. Mannava

Typed Name: Attorney/Agent for Applicant(s)
Reg. No. 45,301

Signature:
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E PATENT
Attorney Docket No.: 10013854-1

“--T.m.n*“*"o In The U.S. Patent and Trademark Office

In Re the Application of:

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 MULTIIPROCESSOR WITH MULTIPLE OPERATING SYSTEMS
MAIL STOP AMENDMENT RECEIVED
Commissioner for Patents ' 2004
P.O. 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.

: Kasg
On July 16, 2004 m/%/ /Md:/o 4Zq’.)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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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. (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
Ex. 1004 - Page 111



PATENT Atty Docket No.: 10013854-1
App. Ser. No.: 09/865,605
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 méans 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 No0.6,075,938 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 groﬁps,” 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.

Dated: July 16, 2004

Respectfully submitted,

Stephen E. RICHARDSON et al.

| . Truolhy Ko
By /(_/{[y 4?./‘/{‘/[,74.)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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. 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 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.
- [ 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

)X Responsive to communication(s) filed on 29 May 2001.
2a)[] This action is FINAL. 2b)X This action is non-final.
3)J 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)XI Claim(s) 1-20 is/are pending in the application.
43) Of the above claim(s) is/are withdrawn from consideration.

5] Claim(s) is/are allowed.

6)X] Claim(s) 1-20 is/are rejected.

7)L] 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).

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)lLJAIl b)] Some * c)[] 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
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the international Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Attachment(s)
1) E Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [] Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.
3) X Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) (] Notice of Informal Patent Appl Application (PTO-152)
Paper No(s)/Mail Date 4. 6) D Other: ____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 1-04) Office Action Summary : Part of Paper No./&ﬁﬂgate 5
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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
processors 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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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 multiple 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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As per claim 6, AAPA discloses that the system further comprising rhultiple
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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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

NASSER
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 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 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
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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 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 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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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 multiprocessors 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 Enterprisel(Q000
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 favers 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 to 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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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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L5: Entry 4 of 6 File: USPT Aug 29, 1995

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.sS. 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-R-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 Z, 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 %, 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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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 conventicnal 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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| believe | am the original, first and sole inventor (if
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
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( )was filed on as US Application Serial No. or PCT Internétional Application
Number and was amended on (if applicable).
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COUNTRY APPLICATION NUMBER DATE FILED PRIORITY CLAIMED UNDER 35 U.S.C. 119
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Provisional Application
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U. S. Priority Claim
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Place Customer
Customer Number | 022879 Number Bar Code
Label here

Send Correspondence to:
HEWLETT-PACKARD COMPANY
Intellectual Property Administration
P.O. Box 272400
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Direct Telephone Calis To:

Uoyd E Dakin, Jr.
(650) 857-2295
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D.C. 20231. John W. Ryan
By Attorney/Agent for Applicant(s)
Typed Name: Reg. No. 33,771
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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
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)
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.
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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
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
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 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
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
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

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
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
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 3635, 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 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
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
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 multiple 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
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,

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.

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 multiple 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.

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. 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
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)
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

Apple
Ex. 1004 - Page 175



20

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
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
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 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
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
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 péwer 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

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 separéte 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
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
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
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
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
operating systelhs, 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. Systerhs 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
multiple processors. For example, one hundred processors independently executing one hundred
operating systerhs 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,
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.
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 multiple 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.

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

execute cach 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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