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TO: Hail Step 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 22313-145¢ TRADEMARK
In Compliance with 35 U.5.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 for the District of Delaware on the following
7] Trademarks or M Patents.  ( [ the patent action invoives 35 US40 § 292
DOCKET NO. DATE FILED (LS. DISTRICT COURT
10/28/2019 for the District of Delaware
PLAINTEFF DEFENDANT
ADVANCED CLUSTER SYSTEMS, INC. NVIDIA CORPORATION
FATENT OR DATE OF PATENT ) N .
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1UsSgos228e82 12/20/2011 Advancad Cluster Systems, Inc.
2 U8 8,140,612 B2 3/20/2012 Advanced Cluster Systems, Ing.
3 U8 8,678,877 B2 3/18/2014 Advanced Clusier Systems, Inc.
4 US10,333,768 B2 8/25/2019 Advanced Cluster Systems, Inc.
5
In the above—entitled case, the following patent(s)/ trademark(s) have been inciuded:
DATE INCLUDED INCLUDED BY
1 Amendment 0 Answer 3 Cross Bill (] Other Pleading
PATENT OR DATE OF PATENT N : .
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
)
3
4
5
{n the above-—entitled case, the following decision has been rendered or judgement issued:
DECISIONJUDGEMENT
Dismissed - see attached
CLERK . BY)DPEPUTY CLERK DATE
John A. Cerino Y
/s/ Mark D. Buckson, Jr. 4/5/2023
Copy I—Upon initiation of action, mall this copy to Director  Copy 3—Upos termination of action, mail this copy to Director
{opy 2—Upen filing decument adding patent(s), mail this copy to Birector  Copy 4-—Case file copy
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE
ADVANCED CLUSTER SYSTEMS, INC,,
Plaintiff,
V. C.A. No. 19-2032-MN-CJB
NVIDIA CORPORATION, NVIDIA

SINGAPORE PTE. LTD., and NVIDIA

)
)
)
)
)
)
g
INTERNATIONAL, INC,, )
)
)

Defendants.

JOINT STIPULATION OF DISMISSAL OF ALL CLAIMS

WHEREAS Plaintiff Advanced Cluster Systems, Inc. (“ACS”) and Defendants NVIDIA
Corporation, NVIDIA Singapore PTE, Ltd., and NVIDIA International, Inc. (collectively,
“NVIDIA”) have resolved all claims concerning ACS’ allegations concerning United States
Patent Nos, 8,082,289; 8,140,612; 8,676,877, and 10,333,768 (collectively, “the Patents-in-
Suit”) and have signed a written settlement agreement, dated March 24, 2023,

NOW THEREFORE, the parties stipulate and agree, subject to the approval of the Court,
that:

1. All claims asserted by ACS in the above-captioned action are hereby dismissed with
prejudice.

2. Each party shall bear its own attorneys’ fees, expenses, and costs.
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/s/ Emily S. DiBenedetto

Respectfully submitted,

/s/ Brian A. Biggs

Karen E. Keller (No. 4489)
Nathan R. Hoeschen (No. 6232)
Emily S. DiBenedetto (No. 6779)
SHAW KELLER LLP

1105 North Market Street, 12th Floor
Wilmington, DE 19801

(302) 298-0700
kkeller@shawkeller.com
nhoeschen@shawkeller.com
edibenedetto@shawkeller.com
Attorneys for Plaintiff

Dated: April 5, 2023

Brian A. Biggs (No. 5591)

Stephanie E. O’Byrne (No. 4446)
DLA PrpER LLP (US)

1201 North Market Street, Suite 2100
Wilmington, DE 19801-1147

(302) 468-5700
brian.biggs@us.dlapiper.com
stephanie.obyrme(@us.dlapiper.com
Attorneys for Defendants

IT IS SO ORDERED this 5th day of April 2023
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T,hefHorvlérable Maryellen Noreika

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY.DOCKET NO./TITLE REQUEST ID

14/181,112 02/14/2014 Zvi Tannenbaum ZTANN.002P1C3 189446

Acknowledgement of Loss of Entitlement to Entity Status Discount
The entity status change request below filed through Private PAIR on 05/19/2023 has been accepted.

CERTIFICATIONS:
Change of Entity Status:

X Applicant changing to regular undiscounted fee status.

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

This portion must be completed by the signatory or signatories making the entity status change in accordance
with 37 CFR 1.4(d)(4).

Signature: Jordan M. Cox/
Name: Jordan M. Cox
Registration Number: 70875
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Trials@uspto.gov Paper 9
571-272-7822 Date: May 5, 2021

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

NVIDIA CORP.,
Petitioner,

V.

ADVANCED CLUSTER SYSTEMS, INC.,
Patent Owner.

IPR2021-00020
Patent 10,333,768 B2

Before KARL D. EASTHOM, ARTHUR M. PESLAK, and
SEAN P. O°’HANLON, Administrative Patent Judges.

PESLAK, Administrative Patent Judge.

DECISION
Denying Institution of Inter Partes Review
35US.C §314
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I. INTRODUCTION

Petitioner, NVIDIA Corporation, filed a Petition (Paperl, “Pet.”)
requesting an inter partes review of claims 26, 27, 29, 35-37, and 39 (the
“challenged claims”) of U.S. Patent No. 10,333,768 B2 (Ex. 1101, “the *768
patent”). Patent Owner, Advanced Cluster Systems, Inc., timely filed a
Preliminary Response (Paper 5, “Prelim. Resp.”). With our permission,
Petitioner filed a Reply to the Patent Owner Preliminary Response (Paper 7,
“Pet. Reply”). Patent Owner filed a Sur-reply (Paper 8, “Sur-reply”).

We have authority, acting on the designation of the Director, to
determine whether to institute an inter partes review under 35 U.S.C.
§ 314(a). See also 37 C.F.R § 42.4(a) (2020) (“The Board institutes the trial
on behalf of the Director.”). Under 35 U.S.C. § 314(a), an inter partes
review may not be instituted unless the information presented in the Petition
shows “there is a reasonable likelihood that the petitioner would prevail with
respect to at least 1 of the claims challenged in the petition.” Taking into
account the Petition, the arguments presented in the Preliminary Response,
the additional briefing, as well as all supporting evidence, we deny
institution of inter partes review because Petitioner fails to establish a
reasonable likelihood that at least one of the challenged claims is
unpatentable. In particular, we determine that Petitioner fails to show that
the cited references disclose the “third node” as recited in independent

claims 26, 29, and 35! (“the third node limitation™).

I The relevant third node limitation is identical in claims 26 and 29. The
third node limitation in claim 35 is substantially similar.

2
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A. Related Matters

The parties state that the 768 patent is asserted in Advanced Cluster
Systems, Inc. v. NVIDIA Corporation, Case No. 19-cv-2032-CFC (D. Del.).
Pet. 3; Paper 3, 1. The *768 patent is also the subject of IPR2021-00019
filed by Petitioner on October 6, 2020. Paper 3, 1. Patent Owner also
identifies IPR2020-01608, IPR2021-00075, and IPR2021-00108 as
involving patents related to the *768 patent. Id.

B. Real Parties in Interest

Petitioner identifies itself as the only real party-in-interest. Pet. 3.

Patent Owner identifies itself as the only real party-in-interest. Paper 3, 1.
C. The ’768 Patent

The >768 patent is titled Cluster Computing. Ex. 1101, code (54).
The *768 patent issued on June 25, 2019 from an application filed on
February 14, 2014. Id. at codes (45), (22).

The *768 patent “relates to the field of cluster computing generally
and to systems and methods for adding cluster computing functionality to a
computer program, in particular.” Id. at 1:14-17. Embodiments of the *768
patent include enabling a software package to benefit from a plurality of
nodes in a cluster. Id. at 2:6-10. For example, “[o]ne embodiment allows a
user to create applications, using a high-level language such as Mathematica,
that are able to run on a computer cluster having supercomputer-like
performance.” Id. at 2:10-13. “One embodiment provides access to such
high-performance computing through a Mathematica Front End, a command
line interface, one or more high-level commands, or a programming
language such as C or FORTRAN.” Id. at 2:13-17.

Figure 1 of the *768 patent, reproduced below, “is a block diagram of

one embodiment of a computer cluster 100 wherein computer systems 110,
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120, 130 communicate with one another via a communications network

102.” Id. at 4:63—66.

Computer system Computer system
110 120
Processor Memory Processor Memory
1120 114 1220 124
Storage . Siorage
Processor . Processor :
112b (optional) Network 1226 (optionot)
116 102 126

Computer system
130

Processor Memory
132 134

Siorage
(optional)
136

FIG. 1

Figure 1 of the *768 patent illustrates “a computer cluster 100 wherein
computer systems 110, 120, 130 communicate with one another via a
communications network 102.” Id. at 4:63—66.

In the embodiment shown in Figure 1, computer cluster 100
comprises first, second, and third computers systems 110, 120, and 130. Id.
at 6:53-55. Each of the computer systems 110, 120, 130 includes one or
more processors (112a, 112b, 122a, 122b, 132), a memory device (114, 124,
134), and an optional storage device (116, 126, 136). Id. at 6:56—63. Each
of the computer systems 110, 120, 130 includes a network interface (not
shown) for connecting to communications network 102, which can include
one or more of a LAN, a WAN, an intranet, a wireless network, and/or the
Internet. Id. at 6:63—67.

Figure 2 of the *768 patent, reproduced below, “is a block diagram
showing relationships among software modules running on one embodiment

of a computer cluster 100.” Id. at 5:16-18.

4
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— ]

Figure 2 of the *768 patent illustrates “relationships among software
modules running on one embodiment of a computer cluster 100.” Id. at
5:16-18.

In the embodiment shown in Figure 2, a cluster system 100 includes a
user interface module 202 that is able to access a plurality of kernel modules
206a — 206e by communicating with a first cluster node module 204a. Id. at
11:15-18. Kernel modules 206a — 206e can reside in the memory of one or
more computer systems on which they run. Id. at 11:23-25. Kernel
modules 206a — 206e include single-threaded program code and are each
associated with one of the processors 112a, 112b, 122a, 122b, 132. Id. at
11:30-32. In the embodiment shown in Figure 2, each of the kernel modules
206a — 206e is in communication with a single cluster node module 204a —
204e, respectively. Id. at 5:33-35. Cluster node module 204a is in
communication with each of the other cluster node modules 204b — 204e.

Id. at 11:21-23. Cluster configuration module 208 is stored on one or more

of the computer systems 110, 120, 130 or on a remote computer system, and
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can establish communication with the cluster node modules 204a —204e. Id.
at 11:32-36. In one embodiment, communication between the cluster
configuration module 208 and the cluster node modules 204a — 204¢
initializes the cluster node modules 204a — 204e to provide cluster
computing support for the computer cluster 100. Id. at 11:36—40. In one
embodiment, the cluster node modules 204a — 204e provide a way for many
kernel modules 206a — 206¢ such as, for example, Mathematica kernels,
running on a computer cluster 100 to communicate with one another. Id. at
11:42-45.
D. Challenged Claims

Claims 26, 29, and 35 are the independent claims challenged in the
Petition. Claim 26 is reproduced below:

26. A computer cluster comprising:

a plurality of nodes, wherein one or more of the nodes are
configured to receive:

a command to start a cluster initialization process for the
computer cluster, wherein the cluster initialization process
comprises establishing communication among two or more of
the nodes; and

an instruction from a user interface or a script;
and

a mechanism for the nodes to communicate results of mathematical
expression evaluation with each other using asynchronous calls;

wherein each of the nodes is configured to access a non-transitory
computer-readable medium comprising program code for a
single-node kernel that, when executed, is capable of causing a
hardware processor to evaluate mathematical expressions;

wherein the plurality of nodes comprises:

a first node comprising a first hardware processor configured to
access a first memory comprising program code for a user

Ex.1002 / Page 10 of 664



IPR2021-00020
Patent 10,333,768 B2

interface and program code for a first single - node kernel , the
first single-node kernel configured to interpret user
instructions and distribute calls to at least one of a plurality of
other nodes for execution; and

a second node comprising a second hardware processor with a
plurality of processing cores, wherein the second node is
configured to receive calls from the first node, execute at least
a first mathematical expression evaluation, and communicate
a result of mathematical expression evaluation to a third node;

wherein the third node comprises a third hardware processor with a
plurality of processing cores, wherein the third node is
configured to receive the result of mathematical expression
evaluation from the second node, execute at least a second
mathematical expression evaluation using the received result,
and communicate the result of the second mathematical
expression evaluation to the first node;

wherein the first node is configured to return the result of the second
mathematical expression evaluation to the user interface or the
script;

wherein one or more of the nodes are configured to:
accept user instructions;

after accepting user instructions, communicate at least some of
the user instructions using the mechanism for the nodes to
communicate with each other; and

after communicating at least some of the user instructions using
the mechanism, communicate at least some of the user
instructions to one or more single-node kernels.

Ex. 1101, 32:28-33:12.
E. Prior Art and Asserted Grounds
Petitioner asserts that claims 26, 27, 29, 35-37, and 39 would have

been unpatentable on the following grounds:
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Claim(s) Challenged | 35 U.S.C. § Reference(s)/Basis
Schreinerl,? Schreiner2,*
Schreiner3,’ Maple Guide,®
26,217,209, 35,37 § 103(a)? Distributed Maple Code,’
SPARC IV Article,! AMD
Article®

Schreinerl, Schreiner2,
Schreiner3, Maple Guide,
26,27,37 § 103(a) Distributed Maple Code,

' SPARC IV-Article, AMD
Article, MPI Standard!?
Schreinerl, Schreiner2,
Schreiner3, Maple Guide,
36,39 § 103(a) - | Distributed Maple Code,
SPARC IV Atrticle, AMD
Article, Maple Reference, !

2 The Leahy-Smith America Invents Act, Pub. L. No. 112-29, 125 Stat. 284
(2011) (“AIA”), included revisions to 35 U.S.C. § 103 that became effective
after the effective filing date of the challenged patent. Therefore, we apply
the pre-AlIA version of 35 U.S.C. § 103.

3 Schreiner et al., “Distributed Maple: parallel computer algebra in
networked environments,” Journal of Symbolic Computation, published in
2003 (Ex. 1108) (“Schreinerl”).

4 Schreiner, “Distributed Maple — User and Reference Manual (V 1.1.12),”
July 6, 2001 (Ex. 1109) (“Schreiner2”).

5 Karoly Bosa, Wolfgang Schreiner, “Task Logging, Rescheduling and Peer
Checking in Distributed Maple,” March 18, 2002 (Ex. 1010) (“Schreiner3”).
¢ Waterloo Maple Inc., “Maple 5 Learning Guide,” 1996, 1998 (Ex. 1111)
(“Maple Guide™).

" Exhibits 1112 - 1118.

8 “«SUN Debuts UltraSPARC IV,” EE Times, October 15, 2003 (Ex. 1119)
(“SPARC IV Article”).

? “AMD to Unveil Dual-Core PC Chips,” Los Angeles Times, May 31, 2005
(Ex. 1120) (“AMD Article”).

10 MPI: A Message-Passing Interface Standard, 1995 (Ex. 1121) (“MPI
Standard”).

1 Michael Kofler, Maple: An Introduction and Reference, (1997) (Ex. 1131)
(“Maple Reference”)
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Claim(s) Challenged | 35 U.S.C. § Reference(s)/Basis
Howard!?

Schreinerl, Schreiner2,
Schreiner3, Maple Guide,
Distributed Maple Code,
SPARC IV Article, AMD
Article, Maple Reference,
Howard, FFTW Manual'3
Schreinerl, Schreiner2,
Schreiner3, Maple Guide,
Distributed Maple Code,
SPARC IV Article, AMD
Article, PC Magazinel,!* PC
Magazine 2!3

Schreinerl, Schreiner2,
Schreiner3, Maple Guide,
39 § 103(a) Distributed Maple Code,
SPARC IV Article, AMD
Article, Nayak !¢

36 § 103(a)

39 § 103(a)

II. ANALYSIS
A. Overview
A petition must show how the construed claims are unpatentable
under the statutory grounds it identifies. 37 C.F.R. § 42.104(b)(4).

Petitioner bears the burden of demonstrating a reasonable likelihood that it

12U.S. Publication No. 2003/0195938 Alpublished October 16, 2003

(Ex. 1128) (“Howard™).

13 Frigo and Johnson, FFTW User’s Manual, March 16, 2003 (Ex. 1132)
(“FFTW Manual”).

4 Maple V, PC Magazine, August 1992, pp. 419-425 (Ex. 1134) (“PC
Magazinel”)

15 Maple V Looks Better With Improved Graphics, PC Magazine, July 1993,
p. 50 (Ex. 1135) (“PC Magazine2”).

16 Anshuman Nayak, et al., 4 Library based compiler to execute MATLAB
Programs on a Heterogeneous Platform, (Ex. 1136) (“Nayak™).

9
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would prevail with respect to at least one challenged claim for a petition to
be granted. 35 U.S.C. § 314(a).

A claim is unpatentable under § 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 the invention was made to a
person having ordinary skill in the art to which said subject matter pertains.
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 skill in
the art; and (4) when in evidence, objective indicia of non-obviousness
(i.e., secondary considerations). Graham v. John Deere Co., 383 U.S. 1,
17-18 (1966).

We analyze the asserted grounds with these principles in mind.

B. Level of Ordinary Skill in the Art

Petitioner contends that a skilled artisan “would have had a Bachelor’s
degree in computer science, electrical engineering, or an equivalent field,
and two years of academic or industry experience working with distributed
computing.” Pet. 16 (citing Ex. 1105  38—40).

Patent Owner does not explicitly address the level of ordinary skill in
the art. See generally Prelim. Resp.

For the purposes of this Decision, we agree with Petitioner’s proposed
level of ordinary skill in the art because it comports with the level of skill
reflected in the *768 patent and the prior art of record.

C. Claim Construction
We apply the same claim construction standard used by Article III

federal courts and the ITC, both of which follow Phillips v. AWH Corp., 415

10
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F.3d 1303 (Fed. Cir. 2005) (en banc), and its progeny. 37 C.F.R.

§ 42.100(b). Accordingly, we construe each challenged claim of the *768
patent to generally be “the ordinary and customary meaning of such claim as
understood by one of ordinary skill in the art and the prosecution history
pertaining to the patent.” Id.

Petitioner contends that no claim terms require express construction
“but reserves the right to present express constructions in response to any
argument by the Patent Owner.” Pet. 14.

Patent Owner provides contentions concerning various claim
limitations. Prelim. Resp. 6-15.

As to the claim 35 limitations of “a mechanism to communicate
results of evaluation with other computer cluster nodes using a peer-to-peer
architecture” and “wherein the computer cluster node is configured to . . .
communicate at least some of the user instructions using the mechanism for
the nodes to communicate with each other,” Patent Owner contends that
“there are two claim construction issues relevant to the Board’s decision
whether to institute an IPR.” Id. at 6. First, Patent Owner contends that
“[t]he ‘wherein’ clause refers back to the same ‘mechanism for the nodes to
communicate . . . with each other using a peer-to-peer architecture’
introduced earlier in the claim.” Id. at 7. Second, Patent Owner contends
that “[a] POSITA would understand that, in the context of cluster
computing, the adjective ‘peer-to-peer’ ordinarily means that each node can
communicate tasks and data with other nodes without the tasks and data
being required to go through a central server or master node.” Id. at 8.

As to the limitation in claim 27 of “cluster node module,” Patent
Owner contends that “there was no ordinary meaning of ‘cluster node

module’ in the relevant field at the relevant time.” Id. at 12. According to

11
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Patent Owner, “a POSITA would understand that the inventors coined the
phrase ‘cluster node module’ to encapsulate essential features of the
modules that interconnect the nodes in a preferred embodiment of the
invention.” Id. at 13. Thus, Patent Owner contends that “cluster node
module” should be construed in view of the Specification, as “a module that
cooperates with other cluster node modules to establish intercommunication
among nodes in a computer cluster and to exchange messages such that each
node can communicate tasks and data with other nodes without the tasks and
data being required to go through a central server or master node.” Id.

After reviewing the evidence and argument presented by the parties,
we determine that it is not necessary to our decision to construe any claim
terms. See Nidec Motor Corp. v. Zhongshan Broad Ocean Motor Co., 868
F.3d 1013, 1017 (Fed. Cir. 2017) (noting that “we need only construe terms
‘that are in controversy, and only to the extent necessary to resolve the
controversy’”) (citing Vivid Techs., Inc. v. Am. Sci. & Eng’g, Inc., 200 F.3d
795, 803 (Fed. Cir. 1999)).

D. Ground 1: Alleged Obviousness over Schreinerl, Schreiner?2,
Schreiner3, Distributed Maple Code, Maple Guide,
SPARC IV Article, and AMD Article

Petitioner contends that claims 26, 27, 29, 35, and 37 are unpatentable
over Schreinerl, Schreiner2, Schreiner3, Distributed Maple Code, Maple
Guide, SPARC IV Article, and AMD Article. Pet. 17-65. In support
thereof, Petitioner identifies the disclosures in Schreinerl, Schreiner2,
Schreiner3, Distributed Maple Code, Maple Guide, SPARC IV Article, and
AMD Article alleged to describe the subject matter in the challenged claims.

Id. Additionally, Petitioner offers declaration testimony from Dr. Henry

12
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Tufo Ph.D (“Tufo Declaration”)!” (Ex. 1105) and Dr. Wolfgang Schreiner
Ph.D. (“Schreiner Declaration™)'8 (Ex. 1106) in support of the Petition.
1. Schreinerl — Ex. 1108

Schreinerl] is entitled “Distributed Maple: parallel computer algebra in
networked environments” and bears a copyright date of 2003. Ex. 1108.
Schreinerl is a journal article authored by Dr. Schreiner, Christian
Mittermaier, and Karoly Bosa. Id. at 305. Schreiner]l “gives a
comprehensive overview on the design and the use of ‘Distributed Maple,’
an environment for parallel computer algebra on multiprocessors and
heterogeneous computer clusters.” Id. Schreinerl explains that Distributed
Maple was developed on the basis of the computer algebra system Maple
(id)) and that Distributed Maple is built on top of the Maple kernel and does
not require any kernel extensions. /d. at306. According to Schreinerl,
Distributed Maple is “so portable that applications can be executed in many
different environments” and “so general that it can be applied to schedule
tasks of other computer algebra systems (e.g., Mathematica).” Id.
Schreinerl describes Distributed Maple as providing “a programming model
which is based on functional/logic/dataflow parallelism” that “allows the
creation of a large number of implicitly scheduled tasks with automatic
resolution of data dependencies and of globally shared data structures with
implicit synchronization.” Id. The authors describe using Distributed Maple

“to develop the first parallel versions for a number of non-trivial applications

17 Dr. Tufo is “presently employed as Professor of Computer Science at the
University of Colorado at Boulder (‘UCB’).” Ex. 1105 { 5.

18 Dr. Schreiner is “a Professor in the Research Institute for Symbolic
Computation (‘'RISC’) at Johannes Kepler University in Austria.” Ex. 1106
9 1. Dr. Schreiner “designed and programmed Distributed Maple from
1998-2001.” Id. § 15.

13
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from algebraic geometry (parallel curve and surface plotting and parallel
neighborhood analysis).” Id. at 307. Schreiner! discloses that “[t]he user
interacts with Distributed Maple via a conventional Maple frontend (text or
graphical).” Id. at 309. Schreinerl explains that “[t}he core of Distributed
Maple is a scheduler program which is completely independent and even
unaware of Maple” and “can in fact embed and schedule tasks from any
kind of computation kernels that implement a specific communication
protocol.” Id. at 310. Schreinerl discloses that a Distributed Maple session
comprises two components: a scheduler and a Maple interface. Id. Figure 1
of Schreiner1, reproduced below, depicts a software architecture for a

Distributed Maple session. Id. at 311,

user interface
|

. |mersctwdvierket distaystams

Fig. 1. Software architecture.

Figure 1 of Schreinerl illustrates a software architecture for a Distributed
Maple session. Ex. 1108,311.

As shown in Figure 1, a Distributed Maple session “comprises a set of
nodes each of which holds a pair of processes: a kernel and a scheduler.” Id.

at 319. “Initially, a single task runs on the root kernel; this task may

14
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subsequently create new tasks which are distributed via the schedulers to
other kernels and may in turn create new tasks.” Id. With reference to
Figure 1, Schreiner] explains that “every scheduler instance accepts tasks
from the attached computation kernel and schedules these tasks among all
machines connected to the session.” Id. at 311. Schreinerl further explains
that “[t]he Maple kernel is a single-threaded process which communicates
by a simple communication protocol with the schedule on the same node”
and “[a]ll capabilities for parallel and distributed program execution are
embedded in this scheduler.” Id. at 314.
2. Schreiner2 — Ex. 1109

Schreiner?2 is entitled “Distributed Maple — User and Reference
Manual (V 1.1.12)” and bears a publication date of July 6, 2001. Ex. 1109.
Schreiner? is a publication authored by Dr. Schreiner. Id. at 1. Like
Schreinerl, Schreiner2 describes the Distributed Maple system. More
particularly, Schreiner2 “describes the use of a system for writing distributed
Maple applications and sketches its implementation.” Id. at 4.

3. Schreiner3 —Ex. 1110

Schreiner3 is entitled “Task Logging, Rescheduling and Peer
Checking in Distributed Maple” and bears a publication date of March 18,
2002. Ex. 1110. Schreiner3 is a publication authored by Dr. Schreiner and
Karoly Bosa. Id. at 1. Schreiner3 describes extending the Distributed Maple
system by adding “fault tolerance mechanisms such that the time spent in a
long running computation is not any [sic] wasted by the eventual occurrence
of session failure.” Id. Schreiner3 describes a first fault tolerance
mechanism as “the logging of task return values and of shared object values
such that after a failure the newly started session can (transparently to the

application program) reuse already computed result.” Id. A second fault
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tolerance mechanism is described as “the migration of tasks such that a
session may tolerate the failure of individual nodes without overall failures.”
1d. A third fault tolerance mechanism is described as “the redirection of the
messages such that a session may tolerate also the failure of the connections
between nodes without overall failure.” Id. Figure 1 of Schreiner3

illustrates an Execution Model of the Distributed Maple system.

Togging,
T Taechanisn.
pre—
it 1. o) Klimtn|
| sekéduler” l*"j -schedule¥
——:' -
(15 — : t1askmeceazel
ll..nskm:sr:azﬂ I
aple iterface|:
| = ‘

Figure 13 Exeanrion Model

Figure 1 of Schreiner3 illustrates an
Execution Model of the Distributed Maple system. Ex. 1110, 5.

Figure 1 depicts the passing of messages between nodes in a
Distributed Maple system, and a logging mechanism in the root node.
Schreiner3 explains that “[t]he logging mechanism in Distributed Maple is a
fault tolerance mechanism for saving the results of intermediate tasks and
the values of shared objects during the computation” and allows the system
“to restore the results of computed tasks in a later session, if the current

session crashes” Id. at 3.
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4. Distributed Maple Code — Exs. 1112—-1118

Distributed Maple Code is a collection of computer code embodying a
distribution of Distributed Maple for installation on a computer, the files
including: dist.maple5 file (Ex. 1112), source code for parallel versions of
Maple functions in the distsoft directory (Ex. 1113), source code for parallel
versions of CASA functions in the distsoft directory (Ex. 1114), an “Install”
file for Distributed Maple (Ex. 1115), a “ReadMe” file for Distributed Maple
(Ex. 1116), an “Install” file for the source code in the distsoft directory (Ex.
1117), and a “ReadMe” file for the source code in the distsoft directory (Ex.
1118).

5. Maple Guide — Ex. 1111

Maple Guide is entitled “Maple V Learning Guide, Release 57
published by Waterloo Maple, Inc., and bears a copyright date of 1998. Ex.
1111, 5.' Maple Guide is a manual authored by K. M. Heal, M. L. Hansen,
and K. M. Rickard. Id. at 4. Maple Guide explains that “Maple V is a
Symbolic Computation System or Computer Algebra System’ and that
“[b]oth phrases refer to Maple V’s ability to manipulate information in a
symbolic or algebraic manner.” Id. at 11.

6. SPARC IV Article — Ex. 1119

The SPARC IV Article is an article published in the EE Times news
journal and bears a publication date of October 15, 2003. Ex. 1119. The
SPARC IV Article describes Sun Microsystems’ “new UltraSPARC IV
processor.” Id. It explains that the UltraSPARC IV processor utilizes “Cﬁip
Multithreading (CMT), a design concept that allows the processor to execute

19 Ex. 1111 contains two sets of page numbers. We refer to the page
numbers added by Petitioner.
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tens of threads simultaneously, thus enabling increases in application
throughput.” Id.
7. AMD Article — Ex. 1120

The AMD Article is entitled “AMD to Unveil Dual-Core PC Chips.”
Ex. 1120. The AMD Article was published in the Los Angeles Times
newspaper and bears a publication date of May 31, 2005 and a copyright
date of 2005. Id. The AMD Article discloses that “Advanced Micro
Devices Inc. is set to launch its first PC microprocessors with two computing
engines on a single chip.” Id. The article explains that AMD and Intel
Corp. had “discovered that performance could be boosted by creating two
computing cores and running them at a slower speed on a single chip.” 1d.

8. Analysis of Claim 26

Petitioner provides a number reasons why a skilled artisan would have
been motivated to combine the various references relied on in this challenge.
Pet. 17-19. Petitioner also provides a limitation-by-limitation analysis of
claim 26. Id. at 24-53. Petitioner supports its contentions with the
testimony of Dr. Tufo. Ex. 1105 9 43-120.

Patent Owner contends the Petition fails to show that the prior art
discloses the limitation in claim 26 “wherein the third node comprises a third
hardware processor . . . configured to receive the result of mathematical
expression evaluation from the second node, execute at least a second
mathematical expression evaluation using the received result, and
communicate the result of the second mathematical expression evaluation to
the first node.” Prelim. Resp. 18-21. Patent Owner supports these
contentions with the testimony of Dr. Singh. (Ex. 2001 [ 55-60).

In order to provide the basis for our determination, we set forth

Petitioner’s contentions concerning how the prior art allegedly satisfies the
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limitations of claim 26 preceding the third node limitation. Patent Owner
does not dispute these contentions in the Preliminary Response. See
generally Prelim. Resp.

a) “A computer cluster comprising:”

Petitioner contends that, to the extent the preamble is limiting,
Schreinerl discloses “an environment for executing parallel computer
algebra problems on multiprocessors and heterogeneous clusters.” Pet.
24-25 (citing Ex. 1106  61; Ex. 1108, Abstract, Fig. 1, 324-344; Ex. 1109,
Abstract; Ex. 1110, 2).

b) “a plurality of nodes, wherein one or more of the nodes are configured
to receive: a command to start a cluster initialization process for the
computer cluster, wherein the cluster initialization process comprises
establishing communication among two or more of the nodes; and an

instruction from a user interface or a script; and,”

Petitioner provides the following annotated version of Figure 1 of

Schreinerl:
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Fig. 1. Software architecture.
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The preceding image is Figure 1 of Schreiner illustrating Schreiner’s
Software Architecture with color annotations added by Petitioner. Pet. 25.

Petitioner contends that “Schreiner1 discloses numerous instances of a
cluster comprising a plurality of nodes, such as in Figure 1.” Pet. 25 (citing
Ex. 1108, 311, Fig. 1). Petitioner further contends that “[e]ach node
contains a Maple kernel and the dist.maple and dist.Scheduler components.”
Id. (citing Ex. 1105 § 62). Petitioner further contends that “[a]t least the root
node is configured to perform the other portions of this claims limitation, as
shown in subections i-ii . . ., though any node can be the root node.” Id.
(citing Ex. 1105 § 63).

i “a command to start a cluster initialization process for
the computer cluster, wherein the cluster initialization
process comprises establishing communication among
two or more of the nodes”

Petitioner contends that “Schreiner] teaches that the root node
initializes the computer cluster in response to a command received from the
user.” Pet. 25 (citing Ex. 1008, 314; Ex. 1009, 14). Petitioner further
contends that “Schreiner1 provides a specific example of the initialization
command dist[initialize] being received by a root node from a user, which
causes a cluster of computers nicknamed ‘virgo’ and ‘andromeda’ to be
configured for Distributed Maple operation.” Id. (citing Ex. 1105  65;

Ex. 1008, 310; Ex. 1009, 5, 13-14).
il “an instruction from a user interface or a script”

Petitioner contends that Schreiner1’s Figure 1 discloses “the root node
receives instructions from a ‘user interface’ and sends them to the first
cluster node module. ‘The user interacts with Distributed Maple via a

conventional Maple frontend . . . she operates within the familiar Maple

20

Ex.1002 / Page 24 of 664



IPR2021-00020
Patent 10,333,768 B2

environment for writing and executing parallel programs.’” Pet. 2627
(citing Ex. 1105 § 66; Ex. 1108, 305-306, 309-310).

c) “amechanism® for the nodes to communicate results of mathematical
expression evaluation with each other using asynchronous calls;”

Petitioner contends that “[t]he claimed mechanism is disclosed in the
Distributed Maple Publications as a combination of two software
components: dist.Scheduler, which ‘coordinates node interaction,” and
dist.maple, which ‘implements the interface between kernel and scheduler.’”
Pet. 28 (citing Ex. 1008, 310). Petitioner further contends that “[t]his
scheduler-baséd message passing mechanism is installed on each node and is
used to communicate results of mathematical expression evaluation between
nodes using asynchronous calls.” Id. (citing Ex. 1105 9 68). Petitioner
further contends that the schedulers shown in Figure 1 of Schreiner]l “allow
the cluster nodes to communicate results of mathematical expression
evaluation with each other. Initially, mathematical expressions are
distributed for parallel evaluation by the cluster as task messages.” Id. at 29
(citing Ex. 1108, 311). Petitioner further contends that “[a]s the cluster
evaluates the expression, nodes establish peer-to-peer socket connections to
communicate results messages” that “are placed in result tables accessible
by all other nodes via peer-to-peer messages.” Id. (citing Ex. 1105 § 69; Ex.
1108, 316; Ex. 1109, 27). Petitioner further contends that “[t]he scheduler

messaging mechanism is asynchronous because, like the preferred

embodiment [of the 768 patent], it allows message passing while the

20 Neither party analyzes whether this limitation should be construed as a
means plus function limitation under 35 U.S.C. § 112(f) despite the fact that
“mechanism” is a well-known nonce word. See Williamson v. Citrix Online,
LLC, 792 F. 3d 1339, 1350 (Fed. Cir. 2015). Given our disposition of this
case, it is not necessary to reach this question.
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kernels are simultaneously proceeding with computations.” Id. at 32 (citing
Ex. 1105 9 75; Ex. 1108, 316); see also id. at 31-32 (“the specification of
the ’768 patent states that, ‘[a]synchronous calls make it possible for the
kernel to do work while communications are proceeding simultaneously’”
(citing Ex. 1101, 13:42-43; Ex. 1105 § 74)).

d) ‘“wherein each of the nodes is configured to access a non-transitory
computer-readable medium comprising program code for a single-node
kernel that, when executed, is capable of causing a hardware processor

to evaluate mathematical expressions”

Petitioner contends that “Schreiner] discusses several
implementations of Distributed Maple clusters, where each node comprises a
hardware processor.” Pet. 34. Petitioner further contends that “Schreinerl
discloses a 128 processor SGI Origin 3800 distributed shared memory
multiprocessor cluster, a 24-processor heterogeneous computer cluster, an
18-processor Sun HPC 6500 system, and a Linux-based Beowulf cluster
with 16 compute nodes.” Id. (citing Ex. 1105 9 80-81; Ex. 1108, 324-325,
327; Ex. 1110, 2). Petitioner further contends that “[e]ach hardware
processor has access to a non-transitory computer-readable medium
comprising the Maple code” and “Maple is installed in storage such as a disk
drive and loaded in memory when the program runs on one or more
processors.” Id. at 34 (citing Ex. 1105 q 82; Ex. 1106 § 40; Ex. 1111, 5, 30,
88, 92, 187, 262-263). Petitioner further contends that “Maple software is
program code for a single-node kernel . . . that ran on a single node — the
computer on which it was loaded” and in that regard is similar to the
Mathematica kernel referenced in the Specification of the *768 patent. Id. at
35 (citing Ex. 1101, 1:42-43, 2:21-24, 4:14-23; Ex. 1111, 88). Petitioner
further contends that Schreinerl uses “Distributed Maple with a
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Mathematica kernel, exactly like in the embodiments of the *768 patent.” Id.
at 36 (citing Ex. 1105 § 85; Ex. 1110, 1).

e) ‘“‘wherein the plurality of nodes comprises: a first node comprising a
first hardware processor configured to access a first memory comprising
program code for a user interface and program code for a first single-
node kernel, the first single-node kernel configured to interpret user
instructions and distribute calls to at least one of a plurality of other
nodes for execution, and,”

Petitioner posits that “the first node is the Distributed Maple root
node, which performs the claimed functions as set forth in sub-sections i—ii.”
Pet. 37 (citing Ex. 1105 { 87).

i “configured to access a first memory comprising program
code for a user interface and program code for a first
single-node kernel,”

Petitioner contends that “Schreinerl teaches various memory
configurations” and “[i]n each instance, each node, including the root node,
comprises a hardware processor configured to access memory.” Pet. 37
(citing Ex. 1105 9 88; Ex. 1108, 306, 324-325, 327, 332). Petitioner further
contends that “Maple comprises program code for a user interface” and “also
comprises program code for a first single-node kernel.” Id. at 38 (citing Ex.
1105 99 90-91; Ex. 1108, 309-310).

ii. “the first single-node kernel configured to interpret user
instructions and distribute calls to at least one of a
plurality of other nodes for execution;” and

Petitioner contends that the “Maple kernel interprets user instructions”
because it “is the base of Maple’s system. It contains fundamental and
primitive commands: the Maple language interpreter.” Pet. 38 (citing Ex.
1105 §93; Ex. 1111, 88). Petitioner further contends that “Schreinerl
describes a user entering the Distributed Maple ‘dist[all]’ instruction into the

root Maple kernel user interface: ‘dist[all](command) lets the Maple
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statement command be executed on every Maple kernel connected to the
distributed session.’” Id. (citing Ex. 1108, 311; Ex. 1009, 30). Petitioner
further contends that a skilled artisan would have understood the “root
kernel, through its user interface distributes calls — in this case, the
Distributed Maple dist[all] command and the Maple command to be
evaluated — to the other cluster nodes.” Id. at 39 (citing Ex. 1105 9 94).

f)  “a second node comprising a second hardware processor with a
plurality of processing cores, wherein the second node is configured to
receive calls from the first node, execute at least a first mathematical
expression evaluation, and communicate a result of mathematical
expression evaluation to a third node”

Petitioner posits that “[o]ne of the plurality of nodes discussed above
... is the ‘second node’ that performs this claim limitation as set forth in
subsections i—ii that follow.” Pet. 41.
i “a plurality of processing cores”
Petitioner contends that “Schreinerl discloses the use of multi-
processor systems such as the ‘18-processor Sun HPC 6500 system.” Pet.
42 (citing Ex. 1108, 324-325, 327).

ii. “the second node is configured to receive calls from the
first node, execute at least a first mathematical
expression evaluation, and communicate a result of
mathematical expression evaluation to a third node”

Petitioner contends that Schreiner1’s Figure 5 discloses “the second
node receives a call from the first node, indicated by task <t,d>, it then
executes the mathematical expression indicated by the task call; and the
second node then returns a result to the first node in result <t,r>.”

Pet. 44-45 (citing ex. 1105 § 103; Ex. 1108, 319-320, Fig. 5).
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g) “wherein the third node comprises a third hardware processor with a
plurality of processing cores, wherein the third node is configured to
receive the result of mathematical expression evaluation from the second
node, execute at least a second mathematical expression evaluation
using the received result, and communicate the result of the second
mathematical expression evaluation to the first node;”

Patent Owner contends that the Petition fails to establish this
limitation because its fails “to show where the prior art teaches the precise
order of operations, involving three specific nodes, specified by the claim.”
Prelim. Resp. 19. Patent Owner further contends “the Petition refers to the
prior art’s general disclosure that multiple nodes may be involved in
evaluating mathematical expressions and then speculates that the prior art
could work in a manner that would meet the claim limitation.” Id. (citing
Pet. 44—47; Ex. 2001 § 67).

Petitioner provides two examples to establish that the prior art
references disclose this limitation. Pet. 46—50. Petitioner’s first example is

based on Figure 5 of Schreinerl, which is reproduced below:
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Figure 5 of Schreinerl is an “execution model” of Distributed Maple.
Ex. 1108, 320.

Petitioner contends that Figure 5 teaches that “the third node (in this
case, n'"") requests a result from the first node (), which sends it to the third
node after receipt from the second (n).” Pet. 48. Petitioner further contends
that the

third node initiates the request through the wait call, indicating that it
was evaluating a second expression that was dependent on the result of a
first evaluation performed on the second node. A [skilled artisan] would
understand that the third node then could execute a second mathematical
expression using that result, and in fact, that is likely why the third node
requested the result in the first place. . . . [A] [skilled artisan] would
further understand that the third node could send the result of the second
mathematical expression to the first (root) node if the first node is the
node that originally requested that the second mathematical expression
be performed, a common case.
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Id. at 48-49 (citing Ex. 1105 § 105) (emphases added).

We note that this block quotation is repeated in the Petition verbatim
from Dr. Tufo’s Declaration. Further, Dr. Tufo does not provide a citation
to any portion of Schreiner! to support his testimony concerning the
execution model shown in Figure 1. Because this testimony is conclusory
and not supported by objective evidence, it is entitled to little or no weight.
See Velander v. Garner, 348 F.3d 1359, 1371 (Fed. Cir. 2003) (“[ W]hat the
[PTAB] consistently did was accord little weight to broad conclusory
statements that it determined were unsupported by corroborating references.
It is within the discretion of the trier of fact to give each item of evidence
such weight as it feels appropriate.” (citation omitted)); see also In re Am.
Acad. of Sci. Tech Ctr., 367 F.3d 1359, 1368 (Fed. Cir. 2004) (“[T]he
[PTAB] is entitled to weigh the declarations and conclude that the lack of
factual corroboration warrants discounting the opinions expressed in the
declarations . . . .” (citations omitted)). Because Petitioner has not provided
sufficient objective evidence in support of this example, we determine that
Petitioner has not shown that this example discloses the third node
limitation.

Petitioner’s second example is based on Figure 1 of Schreiner3 which

is reproduced below:
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Figure 1: Execution Model
\ Figure 1 of Schreiner3 is an Execution Model of Distributed Maple.
Ex. 1110, 5.

Petitioner contends that in Figure 1 of Schreiner3, “node ‘client 1°
receives a result from node ‘client n.”” Pet. 49. Petitioner notes that in the
case of Figure 1, “the initial tasks originating with the root Maple kernel are
not shown.” Id. Petitioner further contends that because “the root initiates
the mathematical evaluation by distributing tasks to other nodes, node ‘client
1’ is generating subsidiary tasks and evaluating expressions in order to
eventually provide results to the root.” Id. Petitioner further contends that
“once [‘client 1°] receives the result from node ‘client n,” it may use it to

perform at least a second mathematical expression evaluation in order to
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process and return results for tasks sent to it by the root.” Id. at 49-50
(citing Ex. 1105 § 111).

We note that this portion of the Petition is taken verbatim from Dr.
Tufo’s Declaration. Further, Dr. Tufo does not provide a citation to any
portion of any of Schreiner3 to support his testimony concerning the model
shown in Figure 1 of Schreiner3. The testimony is, thus, entitled to little or
no weight because it is conclusory and not based on objective evidence. In
addition, neither the Petition nor Dr. Tufo reconcile the argument that client
1 returns a result to the root node when the box labelled “result message”
only indicates that result messages are sent between client nodes 1-n, not
between the root node and client nodes. Because Petitioner has not provided
sufficient objective evidence in support of this example, we determine that
Petitioner has not shown that this example discloses the third node
limitation.

Based on the foregoing, we determine that Petitioner fails to establish
a reasonable likelihood that claim 26 is unpatentable.

9. Analysis of Claims 27 and 29

Claim 27 depends from claim 26. Ex. 1101, 33:13-23. We have
reviewed Petitioner contentions and additional evidence cited in support of
the challenge to claim 27, and determine that it does not cure the
deficiencies discussed above in connection with claim 26. See Pet. 53-56.
Therefore, we determine that Petitioner fails to establish a reasonable
likelihood that claim 27 is unpatentable.

Independent claim 29 contains the same third node limitation as claim
26. Ex. 1101, 33:38-34:22. Petitioner relies on the same contentions for

claim 29 as for claim 26. Pet. 56. For the same reasons discussed above
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with respect to claim 26, we determine that Petitioner fails to establish a
reasonable likelihood that claim 29 is unpatentable.
_ 10. Analysis of Claim 35

Claim 35 recites, inter alia, “the third node is configured to receive
the result of mathematical expression evaluation from the computer cluster
node, execute at least a second mathematical expression evaluation using the
result of the first mathematical expression evaluation, and communicate a
result of the second mathematical expression evaluation to the first node.”
Ex. 1101, 35:40-36:4 (emphasis added). Petitioner correctly notes that
“[t]he term ‘the first node’ lacks antecedent basis.” Pet. 63. Petitioner

993

argues “[t]here are two possible ways to construe the ‘first node’” and
contends that Schreiner1 discloses the limitation under either construction.
Id. at 63—64. Patent Owner does not address the antecedent basis issue,
Petitioner’s proposed constructions, or Petitioner’s contentions. See
generally Prelim. Resp.

Petitioner contends that “[i]f the ‘first node’ is construed as ‘the
second node’ (i.e., the root node in Schreinerl), then the ‘third node’ of the
claim (e.g., the node in the bottom right of Figure 1 of Schreinerl) is
configured to perform this limitation” for the same reasons as for claim 26.
Pet. 63. For the same reasons discussed above for claim 26, we are not
persuaded that Schreinerl discloses this limitation.

Petitioner alternately contends that “[i]f the ‘first node’ is construed as
‘the computer cluster node,” then it would have been obvious to perform a
sequence of tasks that result in the third node of the claim receiving a result
from the computer cluster node, performing another mathematical

expression evaluation, and providing the result of that evaluation to the

computer cluster node.” Pet. 63—64. Petitioner further contends that “in the
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normal course of Distributed Maple cluster operation, any node, including
the third node may receive results from any node, and may send results to
any node.” Id. at 64 (citing Ex. 1105 § 143; Ex. 1018, 312). As with
Petitioner’s contentions for claim 26, Petitioner and its expert point to no
objective evidence but speculate as to what “may” occur.

Based on the foregoing, we determine that Petitioner fails to establish
that claim 35 is unpatentable.

11. Analysis of Claim 37

Claim 37 depends from claim 35. Ex. 1101, 36:25-28. We have
reviewed Petitioner contentions and additional evidence cited in support of
the challenge to claim 37, and determine that it does not cure the
deficiencies discussed above in connection with claim 35. See Pet. 65.
Therefore, we determine that Petitioner fails to establish a reasonable
likelihood that claim 37 is unpatentable.

E. Petitioner’s Remaining Obviousness Challenges

Petitioner challenges claims 26, 27, 36, 37, and 39 in these grounds.
Pet. 13. We have reviewed Petitioner’s contentions and additional evidence
cited in support of the challenges to claims 26, 27, 36, 37, and 39, and
determine that they do not cure the deficiencies discussed above in
connection with independent claims 26 and 35. See Pet. 65-78. Notably,
regarding independent claims 26 and 35, Petitioner appears to rely on the
same deficient reasoning as discussed above. Id. at 66—67. Therefore, we
determine that Petitioner fails to establish a reasonable likelihood that claims

26,27, 36, 37, and 39 are unpatentable.
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III. CONCLUSION
Because Petitioner has not established a reasonable likelihood that any
of the challenged claims are unpatentable, we do not institute inter partes
review.
IV. ORDER
In consideration of the foregoing, it is hereby

ORDERED that institution of inter partes is denied.

32

Ex.1002 / Page 36 of 664



IPR2021-00020
Patent 10,333,768 B2

FOR PETITIONER:

Brent Yamashita
Brennt.yamashita@dlapiper.com

Jonathan Hicks
Jonathan.hicks@dlapiper.com

FOR PATENT OWNER:

Jon Gurka
2jwg@knobbe.com

Ted M. Cannon
2tmc@knobbe.com

Cheryl Burgess
2¢ctb@knobbe.com

cu

33

Ex.1002 / Page 37 of 664



Case 1:119-cv-02032-CFC  Document 3

AQ 120 (Rev. 08/10;}

Filed 10/28/1% Page 1 of 1 PagelD #: 236

TO:

Mail Stop 8

Director of the U.S. Patent and Trademark Office
P.O. Box 1456

Alexandria, VA 22313-1456

REPORT ON THE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT OR
TRADEMARK

In Compliance with 35 U.5.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

for the District of Delaware

on the following

7] Trademarks or M Patents.  ( [ the patent action invoives 35 U.S.CL § 292
DOCKET NO. DATE FILED 1.5, DISTRICT COURT

10/28/2019

for the District of Delaware

PLAINTEFF

ADVANCED CLUSTER SYSTEMS, INC.

DEFENDANT
NVIDIA CORPORATION

PATENT OR DATE OF PATENT JE— .
TRADEMARK NQ. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 U8 808228282 12/20/201 Advanced Cluster Systems, Inc.
2 1J88,140612 B2 3/20/2012 Advanced Cluster Systems, inc.
3 88,676,877 B2 3/18/2014 Advanced Clusier Systems, Inc.
4 US 10,333,768 B2 6/25/2019 Advanced Cluster Systems, inc.
5
In the above—entitled case, the foilowing patent(s) trademark(s) have been incinded:
DATE INCLUDED INCLUDED BY
1 Amendment [ Answer [ Cross Bill ] Other Pleading
PATENT OR DATE OF PATENT N .
TRADEMARK N{O. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK.
2
3
4
5

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

DECISIONAUDGEMENT

CLERK (BY) DEPUTY CLERK

DATE

Copy I—Upon initiatien of action, oail this copy te Director
{opy 2—Upen filing decument adding patent(s}), mail this copy to Birector

Copy 4-—Case file copy

Copy 3—Upon termnination of action, mail this copy te Director

Ex.1002 / Page 38 of 664



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

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

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/181,112 06/25/2019 10333768 ZTANN.002P1C3 6874
20995 7590 06/05/2019
KNOBBE MARTENS OLSON & BEAR LLP
2040 MAIN STREET
FOURTEENTH FLOOR

IRVINE, CA 92614

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 524 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

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

Advanced Cluster Systems, Inc., Aliso Viejo, CA;
Zvi Tannenbaum, Newport Beach, CA;
Dean E. Dauger, Huntington Beach, CA;

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

IR103 (Rev. 10/09)
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PART B - FEE(S) TRANSMITTAL

Caoraplete and send this form, together with applicable fee(s), by mail or fax, or via EFS-We

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2883
Commissicner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

’rcs},ondencL address as indicated un
2 ADDRESS" for maintenance fee nonhcatmns
n only be used for domestic mailings of the

8 ompanying
as an assigament or formal drawing, nust
12 OF [AnSMISSion

papers. ¥ ch ad'mmnal papeA 5
have its own certificate of mail:

20995 7590 11/29/201R8 Certificate of Mailing or Transmission

KNOBBE MARTENS OLSON & BEAR LLP i hereby certify that this Fee( (s) T ranstnitial is being deposited with the United

j o s g States Postal Service with sufficient postage for first class mail in an envelope
2040 MAIN STREET addressed to the Mail Stop ISSUE FEE address above, or being transmitted to

FOURTEENTH FLOOR the USPTO via EFS-Web or by facsimile to (371) 273-2885, on the date below.
IRVINE, CA 92614 (vedor et )
(Signature )
(Date)}
E APPLICATION NO. l FILING DATE E FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. E CONFIRMATION NO. E
14/181,112 0271472014 Zvi Tannenbaum ZEANNOGZPICE GRT4
TITLE OF INVENTION: CLUSTER COMPUTING
g APPLN. TYPE I ENTITY STATUS l 188UE FEE DUE E PUBLICATION FEE DUE [ PREV. PAID ISSUE FEE E TOTAL FEE(S) DUE E DATE DUE E
nonprovisional SMALL $500 $0.00 $0.60 $500 02/28/2019
E EXAMINER i ART UNIT E CLASS-SURCLASS [
ASRES, HERMON 2449 709-223000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys - .
Cien ¢ 4 ad Cha e or agents OR, alternatively, : 1_Knobbe Martens
Change of correspondence address {or Change of Correspondence 9 : . - i -
Address form PTO/SB/122) atached. (2) The name gle firm thaving asamembera - Olson & Bear
omey or agent) and the names of up to 2
—3 istered patent atiorneys or agents. [{ no name is IR
id “Pee Address” indication (or "Fee Address” indication form PTO/ i;z;te:l bq.) mie will be pri xtbec ¢ 5 LLL
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 3
Number is required.

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

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

(A) NAME OF ASSIGNEE (8) RESIDENCE: (CITY and STATE OR COUNTRY)
Advanced Cluster Systems, Inc. Aliso Viejo, CA

i on the patent) : bad Individual lzﬁ Corporation or other private group eatity wl Government

Please check the appropriste assignee category or categortes (will not be pris

4a. Fees submitted: Rrosue Fee LdPublication Fee (if required} [ JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above}
% e v o B ] > 1 B 0y T, Tt
A mrectronic Payment via EFS-Web 'wd Enclosed check [.f Nop-electronic payment by credit card {Attach form PTO-2038)

& The Ditector is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. _11-1410

3. Change in Eatity Status (from status indicated shove)

NOTE: Absent a valid certification of Micro any Status (s
yment in the micro entity amount wilf not be accept
application was previcusly under micro eatity status, checking this box will be ta
to be a noti on of loss of entitlement (0 micro entity status.

NQOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, 35 applicable.

ee forms PTO/SB/15A and 13B), iss
t the risk of application abandon

4 Applicant certifying micro entity status. See 37 CFR 1.29

i Applicant asserting small entity status. See 37 CFR 1.27

L3 Applicant changing to regular undiscounted {ee status.

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

Feburary 27, 2019

MLance D. Smemose/

Authorized Signature Date
Typed or printed name ____ Lance D. Smpemoe Registrarion No. 66,152,
gelof3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 06351-0033 V.S, Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number: 14181112

Filing Date: 14-Feb-2014

Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name: Zvi Tannenbaum

Filer: Lance Dean Smemoe/Amy Rodriguez
Attorney Docket Number: ZTANN.002P1C3

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 2501 1 500 500
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Description Fee Code Quantity Amount SuB—;’g(t:)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 500
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Electronic Acknowledgement Receipt

EFS ID: 35269940
Application Number: 14181112
International Application Number:
Confirmation Number: 6874
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Customer Number:

20995

Filer:

Lance Dean Smemoe/Melissa Ramirez

Filer Authorized By:

Lance Dean Smemoe

Attorney Docket Number: ZTANN.002P1C3
Receipt Date: 27-FEB-2019
Filing Date: 14-FEB-2014
Time Stamp: 15:28:49

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $500

RAM confirmation Number

022819INTEFSW15291400

Deposit Account

111410

Authorized User

Melissa Ramirez

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

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

37 CFR 1.17 (Patent application and reexamination processing fees)
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
208581
IssueFeeTransmittal_ZTANNOO
1 Issue Fee Payment (PTO-85B) = no 1
2P1 C3pdf a3c07a37eece31a451c1eb2c933fbeB4bS57
dboaf
Warnings:
Information:
30150
2 Fee Worksheet (SB06) fee-info.pdf no 2
01244fc0a8830184348204c4d7b52e7e7df¢
9datl
Warnings:
Information:
Total Files Size (in bytes){ 238731

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

(R

BN

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

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

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
14/181,112 02/14/2014 Zvi Tannenbaum ZTANN.OO2P1C3 6874
20995 7590 02/08/2019 | EXAMINER |
KNOBBE MARTENS OLSON & BEAR LLP
2040 MAIN STREET ASRES, HERMON

FOURTEENTH FLOOR
IRVINE, CA 92614

| ART UNIT [ raperUMBER |
2449
| ~omricationpate | DELIVERY MoDE |
02/08/2019 ELECTRONIC

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

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

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

following e-mail address(es):

efiling @knobbe.com
jayna.cartee@knobbe.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
; . 14/181,112 Tannenbaum et al.
Notice of Allowability Examiner Art Unit AlA Status
HERMON ASRES 2449 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to 01/25/2019.
[J A declaration(s)affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

3.} The allowed claim(s) is/are 2-25 and 27-41 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) JAIl b) (JSome  *c) [J None of the:

1. [0 Certified copies of the priority documents have been received.
2. [J 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 areply 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] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(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).

6.(] 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 Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (J Other .

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.
/HERMON ASRES/
Examiner, Art Unit 2449

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20190205
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Receipt date: 01/25/2019 14/181,112 — GAU: 2449

PTO/SB/08 Equivalent

Application No. 14/181112
INFORMATION DISCLOSURE Filing Date February 14, 2014
STATEMENT BY APPLICANT First N.amed Inventor | Zvi Tannenbaum
Art Unit 2449
(Multiple sheets used when necessary) Examiner Asres, Hermon
SHEET 1 OF 1 Attorney Docket No. ZTANN.002P1C3

U.S. PATENT DOCUMENTS

Examiner | Gite Document Number Publication Pages, Columns, Lines Where
Initials No Number - Kind Code (if known) Date Name Relevant Passages or
’ Example: 1,234,567 B1 MM-DD-YYYY Relevant Figures Appear
1 7,139,882 11-21-2006 | Suzuoki et al.

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Pages, Columns, Lines

Examiner | Cite| Country Code-Number-Kind Pull)jllgtaé 'on Name Where Relevant Passages T
Initials | No. Code MM-DD-YYYY or Relevant Figures
Example: JP 1234567 A1 Appear

NON PATENT LITERATURE DOCUMENTS

Examiner | Gite| Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the
Initials No item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue T!
) number(s), publisher, city and/or country where published.

29826515

Examiner Signature  /HERMON ASRES/ Date Considered 02/05/2019

*Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant.

S dads o BN B s BROG ML, B oy ALl N I SR 1
K T ERG

T' - Place a check mark’in this area when'ar stHangtiage Transiation is attached.
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PTO/SB/08 Equivalent

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Application No.

14/181112

Filing Date

February 14, 2014

First Named Inventor

Zvi Tannenbaum

Art Unit

2449

(Multiple sheets used when necessary)

Examiner

Asres, Hermon

SHEET 1 OF 1

Attorney Docket No.

ZTANN.002P1C3

U.S. PATENT DOCUMENTS

Examiner | Gite Document Number Publication Pages, Columns, Lines Where
Initials No Number - Kind Code (if known) Date Name Relevant Passages or
’ Example: 1,234,567 B1 MM-DD-YYYY Relevant Figures Appear
1 7,139,882 11-21-2006 | Suzuoki et al.
FOREIGN PATENT DOCUMENTS
Foreign Patent Document Publication Pages, Columns, Lines
Examiner | Cite| Country Code-Number-Kind Date Name Where Relevant Passages T
Initials | No. Code MM-DD-YYYY or Relevant Figures
Example: JP 1234567 A1 Appear
NON PATENT LITERATURE DOCUMENTS
Examiner | Gite| Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the
Initials No item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue T!
) number(s), publisher, city and/or country where published.
29826515

Examiner Signature

Date Considered

*Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant.

T' - Place a check mark in this area when an English language Translation is attached.
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Electronic Patent Application Fee Transmittal

Application Number: 14181112

Filing Date: 14-Feb-2014

Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name: Zvi Tannenbaum

Filer: Lance Dean Smemoe/Amy Rodriguez
Attorney Docket Number: ZTANN.002P1C3

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount SuB—;’g(t:)l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 2806 1 120 120
Total in USD ($) 120
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Electronic Acknowledgement Receipt

EFS ID: 34968658
Application Number: 14181112
International Application Number:
Confirmation Number: 6874
Title of Invention: CLUSTER COMPUTING
First Named Inventor/Applicant Name: Zvi Tannenbaum
Customer Number: 20995
Filer: Lance Dean Smemoe/Amy Rodriguez
Filer Authorized By: Lance Dean Smemoe
Attorney Docket Number: ZTANN.002P1C3
Receipt Date: 25-JAN-2019
Filing Date: 14-FEB-2014
Time Stamp: 18:28:52
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)

20588

IDSTransmittal-
i 2
1 Transmittal Letter ZTANNOO2P1C3.pdf no

d300b9e1cd65971a75fb 1286472056172

Warnings:
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Information:

19308
Information Disclosure Statement (IDS) IDSListForm-ZTANNOO2P1C3.
2 Form (SB08) df no !
orm p e6a6d5916532fe4c7c8289ab319abbffa666)
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
30319
3 Fee Worksheet (SB06) fee-info.pdf no 2
9359ac91ff8000d76c2e6e4dc36a178d983d)
Warnings:
Information:
Total Files Size (in bytes){ 70215

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

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Docket No.: ZTANN.002P1C3 Customer No. 20995

INFORMATION DISCLOSURE STATEMENT

First Inventor : Zvi Tannenbaum

App. No. : 14/181112

Filed :  February 14, 2014

For :  CLUSTER COMPUTING
Examiner . Asres, Hermon

Art Unit 1 2449

Conf. No. : 6874

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

References and Listing

Pursuant to 37 CFR 1.56, an Information Disclosure Statement listing references is
provided herewith. Copies of any listed foreign and non-patent literature references are being
submitted.
No Disclaimers

To the extent that anything in the Information Disclosure Statement or the listed
references could be construed as a disclaimer of any subject matter supported by the present
application, Applicant hereby rescinds and retracts such disclaimer.
Timing of Disclosure

This Information Disclosure Statement is being filed after the mailing date of a final
action or after the mailing date of a Notice of Allowance.

CERTIFICATION UNDER 37 CFR 1.97(e)(2)

I hereby certify that no item of information contained in this Statement was cited in a
communication from a foreign Patent Office in a counterpart foreign application, and, to my
knowledge after making reasonable inquiry, was known to any individual designated in 37
CFR 1.56(c) more than three (3) months prior to the filing of this Information Disclosure

Statement.
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Application No.: 14/181112
Filing Date: February 14, 2014

This Statement is accompanied by the fee set forth in 37 CFR 1.17(p). The
Commissioner is authorized to charge any additional fees which may be required or to credit any

overpayment to Account No. 11-1410.

Respectfully submitted,
KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: January 25, 2019 By:/Lance D. Smemoe/
Lance D. Smemoe
Registration No. 66,152
Registered Practitioner
Customer No. 20995
(949) 760-0404

29826491
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Electronic Patent Application Fee Transmittal

Application Number: 14181112

Filing Date: 14-Feb-2014

Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name: Zvi Tannenbaum

Filer: Lance Dean Smemoe/Amy Rodriguez
Attorney Docket Number: ZTANN.002P1C3

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount SuB—;’g(t:)l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 2806 1 120 120
Total in USD ($) 120
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Electronic Acknowledgement Receipt

EFS ID: 34968757
Application Number: 14181112
International Application Number:
Confirmation Number: 6874
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Customer Number:

20995

Filer:

Lance Dean Smemoe/Amy Rodriguez

Filer Authorized By:

Lance Dean Smemoe

Attorney Docket Number: ZTANN.002P1C3
Receipt Date: 25-JAN-2019
Filing Date: 14-FEB-2014
Time Stamp: 18:37:26

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
30320
1 Fee Worksheet (SB06) fee-info.pdf no 2
37387c¢731a6¢d01ab20828f57de455d5b4d|

e4718

Warnings:
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Information:

Total Files Size (in bytes){ 30320

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

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

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

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

New International Application Filed with the USPTO as a Receiving Office

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

Application Number: 14181112

Filing Date: 14-Feb-2014

Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name: Zvi Tannenbaum

Filer: Lance Dean Smemoe/Amy Rodriguez
Attorney Docket Number: ZTANN.002P1C3

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount SuB—;’g(t:)l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 2806 1 120 120
Total in USD ($) 120
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Electronic Acknowledgement Receipt

EFS ID: 34968823
Application Number: 14181112
International Application Number:
Confirmation Number: 6874
Title of Invention: CLUSTER COMPUTING
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Customer Number:

20995
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Lance Dean Smemoe/Amy Rodriguez

Filer Authorized By:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
30319
1 Fee Worksheet (SB06) fee-info.pdf no 2
0b5490d464aa3718232657ecfead518ae27|

98eel

Warnings:

Information:

Total Files Size (in bytes){ 30319

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
20995 7590 11/29/2018
KNOBBE MARTENS OLSON & BEAR LLP ASRES, HERMON
2040 MAIN STREET
FOURTEENTH FLOOR | ARTUNIT PAPER NUMBER |
IRVINE, CA 92614 2449
DATE MAILED: 11/29/2018
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/181,112 02/14/2014 Zvi Tannenbaum ZTANN.O02P1C3 6874

TITLE OF INVENTION: CLUSTER COMPUTING

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

nonprovisional SMALL $500 $0.00 $0.00 $500 02/28/2019

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

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

HOW TO REPLY TO THIS NOTICE:

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

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

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

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

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

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

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

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3

PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

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

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

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

20995 7590 11/29/2018 Certificate of Mailing or Transmission
KNOBBE MARTENS OLSON & BEARLLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
2040 MAIN STREET addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
P g
FOURTEENTH FLOOR the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
IRVINE CA 926 14 (Typed or printed name)
(Signature)
(Date)l
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
14/181,112 02/14/2014 Zvi Tannenbaum ZTANN.002P1C3 6874
TITLE OF INVENTION: CLUSTER COMPUTING
| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $500 $0.00 $0.00 $500 02/28/2019

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
ASRES, HERMON 2449 709-223000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

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

registered attorney or agent) and the names of upto 2

O e N P 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

|95}

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

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

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

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

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

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

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

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

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

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

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

M| Applicant changing to regular undiscounted fee status.

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

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Ex.1002 / Page 64 of 664



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

I APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
14/181,112 02/14/2014 Zvi Tannenbaum ZTANN.O02P1C3 6874
20995 7590 11/29/2018 | EXAMINER |
KNOBBE MARTENS OLSON & BEAR LLP ASRES, HERMON
2040 MAIN STREET
FOURTEENTH FLOOR | ARTUNIT PAPER NUMBER |
IRVINE, CA 92614 2449

DATE MAILED: 11/29/2018

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

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

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

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

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

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

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

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

Ex.1002 / Page 66 of 664



Application No. Applicant(s)
; . 14/181,112 Tannenbaum et al.
Notice of Allowability Examiner Art Unit AlA Status
HERMON ASRES 2449 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to 10/05/2018.
[J A declaration(s)affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

3.} The allowed claim(s) is/are 2-25 and 27-41 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) JAIl b) (JSome  *c) [J None of the:

1. [0 Certified copies of the priority documents have been received.
2. [J 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 areply 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] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(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).

6.(] 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)

1.4} Notice of References Cited (PTO-892) 5. (¥} Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (J Other .

of Biological Material
4.V Interview Summary (PTO-413),
Paper No./Mail Date. 11/21/2018.
/HERMON ASRES/
Examiner, Art Unit 2449

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20181122
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Application/Control Number: 14/181,112 Page 2
Art Unit: 2449

DETAILED ACTION

Claims 2-25, and 27-41 are allowed.

Response to Argumentis

Double Patenting rejection

Examiner withdraws the double patenting rejection of claims 2, 28, and 31 in view of the

Terminal Disclaimer filed and approved on 11/21/2018

EXAMINER’S AMENDMENT
An examiner's amendment to the record appears below. Should the changes and/or
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the
payment of the issue fee.
Authorization for this examiner's amendment was given in a telephone correspondence

with Lance Smemoe (Reg. No. 66,152) on 11/21/2018.

The application has been amended as follows:

1. (Canceled)

2. (Currently amended) A computer cluster comprising:
a plurality of nodes, wherein each of the plurality of nodes comprises a hardware
processor, wherein one or more of the nodes are configured to receive a command to start

a cluster initialization process for the computer cluster, and wherein each of the nodes is
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Application/Control Number: 14/181,112 Page 3
Art Unit: 2449

configured to access a non-transitory computer-readable medium comprising program
code for a single-node kernel that, when executed, is capable of causing the hardware
processor to evaluate mathematical expressions; and
a mechanism for the nodes to communicate results of mathematical expression
evaluation with each other using a peer-to-peer architecture;
wherein the plurality of nodes comprises:
a first node comprising a first hardware processor configured to access a
first memory comprising program code for a user interface and program code for a
first single-node kernel, the first single-node kernel configured to interpret user
instructions and distribute calls to at least one of a plurality of other nodes for
execution; and
a second node comprising a second hardware processor with a plurality of
processing cores, wherein the second node is configured to receive calls from the
first node, execute at least a first mathematical expression evaluation, and
communicate a result of the first mathematical expression evaluation to a third
node;
wherein the third node comprises a third hardware processor with a plurality
of processing cores, wherein the third node is configured to receive the result of the
first mathematical expression evaluation from the second node, execute at least a
second mathematical expression evaluation using the received result, and
communicate the result of the second mathematical expression evaluation to the
first node;
wherein the first node is configured to return the result of the second

mathematical expression evaluation to the user interface;

wherein one or more of the nodes are configured to:

accept user instructions;

after accepting user instructions, communicate at least some of the user

instructions using the mechanism for the nodes to communicate with each other;

and
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Application/Control Number: 14/181,112 Page 4
Art Unit: 2449

after communicating at least some of the user instructions using the

mechanism, communicate at least some of the user instructions to one or more

single-node kernels.

3. (Previously presented) The computer cluster of claim 2, wherein the single-node

kernel comprises a Mathematica kernel.

4. (Previously presented) The computer cluster of claim 2, wherein the mechanism

comprises a message passing interface.

5. (Previously presented) The computer cluster of claim 2, wherein each of the nodes

comprises one or more cluster node modules.

6. (Previously presented) The computer cluster of claim 2, wherein each single-node
kernel is stored in a non-transitory computer-readable medium and configured to accept and

execute a request.

7. (Previously presented) The computer cluster of claim 6, wherein each of the nodes
comprises one or more cluster node modules, wherein each of the cluster node modules comprises
instructions stored in a non-transitory computer-readable medium, and wherein the instructions,
when executed by the hardware processor, cause the cluster node module to communicate with the

single-node kernel and with one or more other cluster node modules.

8. (Previously presented) The computer cluster of claim 7, wherein the plurality of

cluster node modules act as a cluster.

9. (Previously presented) The computer cluster of claim 7, wherein the plurality of

cluster node modules communicate with one another to act as a cluster.

10. (Previously presented) The computer cluster of claim 9, wherein the computer

cluster includes the user interface.

11. (Previously presented) The computer cluster of claim 10, wherein each cluster node

module accepts instructions from the user interface and interprets one or more of the instructions.
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Application/Control Number: 14/181,112 Page 5
Art Unit: 2449

12. (Previously presented) The computer cluster of claim 2, wherein the cluster

initialization process comprises establishing communication among two or more of the nodes.

13. (Previously presented) The computer cluster of claim 2, wherein the cluster
initialization process comprises configuring access by one or more of the nodes to a computer-

readable medium comprising program code for the single-node kernel.

14. (Previously presented) The computer cluster of claim 13, wherein the cluster
initialization process comprises establishing message-passing support among the nodes in the

cluster.

15. (Previously presented) The computer cluster of claim 13, wherein the cluster

initialization process comprises launching cluster node modules by the cluster.

16.  (Previously presented) The computer cluster of claim 15, wherein the cluster
initialization process comprises assigning a processor identification number to each of the cluster

node modules.

17. (Previously presented) The computer cluster of claim 2, wherein the cluster
initialization process comprises:
launching cluster node modules by the cluster; and
after launching the cluster node modules, configuring access by one or more of the
nodes to a non-transitory computer-readable medium comprising program code for the

single-node kernel.

18. (Previously presented) The computer cluster of claim 2, wherein the cluster
initialization process comprises:
launching cluster node modules by the cluster;
after launching the cluster node modules, establishing communication among two
or more of the nodes; and
after establishing communication among two or more of the nodes, assigning a

processor identification number to each of the cluster node modules.
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19. (Previously presented) The computer cluster of claim 2, wherein one or more of the

nodes are configured to communicate at least some of the user instructions.

20. (Previously presented) The computer cluster of claim 19, wherein one or more of
the nodes are configured to communicate at least some of the user instructions to one or more

single-node kernels.

21. (Previously presented) The computer cluster of claim 2, wherein one or more of the

nodes are configured to accept user instructions via one or more of the nodes.

22. (Previously presented) The computer cluster of claim 21, wherein one or more of
the nodes are configured to communicate at least some of the user instructions using the

mechanism for the nodes to communicate with each other.

23.  (Previously presented) The computer cluster of claim 2, wherein one or more of the
nodes are configured to transmit at least some of the user instructions that originate from a user

interface.

24. (Previously presented) The computer cluster of claim 2, wherein one or more of the
nodes are configured to parallelize at least some of the user instructions before communicating at

least some of the user instructions to one or more single-node kernels.

25. (Previously presented) The computer cluster of claim 2, wherein one or more of the
nodes are configured to accept user instructions before communicating at least some of the user

instructions to one or more single-node kernels.

26. (Canceled)

217. (Previously presented) The computer cluster of claim 2, wherein the plurality of
nodes are configured to communicate with one another to interpret and translate commands for

execution by a plurality of single-node kernels.

28. (Currently amended) A computer cluster comprising:

a plurality of nodes, wherein one or more of the nodes are configured to receive:
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a command to start a cluster initialization process for the computer cluster,
wherein the cluster initialization process comprises establishing communication
among two or more of the nodes; and

an instruction from a user interface or a script;
and
a mechanism for the nodes to communicate results of mathematical expression

evaluation with each other using asynchronous calls;
wherein each of the nodes is configured to access a non-transitory computer-
readable medium comprising program code for a single-node kernel that, when executed,
is capable of causing a hardware processor to evaluate mathematical expressions;
wherein the plurality of nodes comprises:

a first node comprising a first hardware processor configured to access a
first memory comprising program code for a user interface and program code for a
first single-node kernel, the first single-node kernel configured to interpret user
instructions and distribute calls to at least one of a plurality of other nodes for
execution; and

a second node comprising a second hardware processor with a plurality of
processing cores, wherein the second node is configured to receive calls from the
first node, execute at least a first mathematical expression evaluation, and
communicate a result of mathematical expression evaluation to a third node;

wherein the third node comprises a third hardware processor with a plurality
of processing cores, wherein the third node is configured to receive the result of
mathematical expression evaluation from the second node, execute at least a second
mathematical expression evaluation using the received result, and communicate the
result of the second mathematical expression evaluation to the first node;
wherein the first node is configured to return the result of the second

mathematical expression evaluation to the user interface or the script;

wherein one or more of the nodes are configured to:

accept user instructions;
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after accepting user instructions, communicate at least some of the user

instructions using the mechanism for the nodes to communicate with each other;

and

after communicating at least some of the user instructions using the

mechanism, communicate at least some of the user instructions to one or more

single-node kernels.

29. (Previously presented) The computer cluster of claim 28, wherein the
asynchronous calls comprise a first command to create a first packet containing:

an expression to be sent as payload; and

a target node where the expression should be sent;

wherein the first command is configured to be called from within a single-node
kernel;

wherein the single-node kernel is configured to send the first packet to a local
cluster node module; and

wherein the local cluster node module is configured to forward the expression to

the target node.

30.  (Previously presented) The computer cluster of claim 29, wherein the asynchronous
calls comprise a second command to create a second packet containing:

a location where the expression is expected to be received; and

a sending node from which the expression is expected to be received;

wherein the second command is configured to be called from within a single-node
kernel;

wherein the single-node kernel is configured to send the second packet to a local
cluster node module; and

wherein the local cluster node module is configured to store the second packet

contents in a message receiving queue.

31.  (Currently amended) A computer cluster comprising:

a plurality of nodes, wherein one or more of the nodes are configured to receive:
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a command to start a cluster initialization process for the computer cluster,
wherein the cluster initialization process comprises establishing communication
among two or more of the nodes; and

an instruction from a user interface or a script;
and
a mechanism for the nodes to communicate results of mathematical expression

evaluation with each other;
wherein each of the nodes is configured to access a non-transitory computer-
readable medium comprising program code for a single-node kernel that, when executed,
is capable of causing a hardware processor to evaluate mathematical expressions;
wherein the plurality of nodes comprises:

a first node comprising a first hardware processor configured to access a
first memory comprising program code for a user interface and program code for a
first single-node kernel, the first single-node kernel configured to interpret user
instructions and distribute calls to at least one of a plurality of other nodes for
execution; and

a second node comprising a second hardware processor with a plurality of
processing cores, wherein the second node is configured to receive calls from the
first node, execute at least a first mathematical expression evaluation, and
communicate a result of mathematical expression evaluation to a third node;

wherein the third node comprises a third hardware processor with a plurality
of processing cores, wherein the third node is configured to receive the result of
mathematical expression evaluation from the second node, execute at least a second
mathematical expression evaluation using the received result, and communicate the
result of the second mathematical expression evaluation to the first node;
and
wherein the first node is configured to return the result of the second

mathematical expression evaluation to the user interface or the script;

wherein one or more of the nodes are configured to:

accept user instructions;
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after accepting user instructions, communicate at least some of the user

instructions using the mechanism for the nodes to communicate with each other;

and

after communicating at least some of the user instructions using the

mechanism, communicate at least some of the user instructions to one or more

single-node kernels.

32. (Previously presented) The computer cluster of claim 5, wherein each of the
plurality of nodes implements asynchronous calls that enable the single-node kernel to perform
computation tasks while the cluster node modules are simultaneously communicating with one

another.

33. (Previously presented) The computer cluster of claim 5, wherein
intercommunication among the plurality of single-node kernels during thread execution is enabled
by the plurality of cluster node modules, and wherein the computer cluster is configured to permit

exchange of information between nodes during the course of a parallel computation.

34. (Previously presented) The computer cluster of claim 5, wherein each of the single-
node kernels are configured to call a send command involving creating a packet containing:

an expression to be sent as payload; and

where the expression should be sent;

wherein, upon reception of the send command by a local cluster node module
associated with the single-node kernel, the local cluster node module is configured to
decode the packet and forward a payload to the cluster node module specified in the packet;

wherein each of the single-node kernels is configured to call a receipt command
involving creating a packet specifying which message to test for completion and to then
wait for a reply expression to evaluate;

wherein, upon reception of the receipt command by the local cluster node module
associated with the single-node kernel, the local cluster node module is configured to
decode the packet and use a message specifier to search for any matching expressions listed

as completed in a received message queue;
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wherein, upon determining that such a completed expression is found, the local
cluster node module is configured to send the completed expression to a local single-node
kernel associated with the cluster node module in response to the receipt command, and

wherein each of the single-node kernels is configured to receive the completed
expression and to update variables used by the single-node kernel during evaluation of

expressions.

35. (Previously presented) The computer cluster of claim 2, wherein the plurality of
nodes are configured to permit exchange of information between nodes during the course of

parallel computation.

36. (Previously presented) The computer cluster of claim 2, wherein each of the
plurality of nodes comprises instructions executable by the hardware processor and configured to
implement asynchronous behavior, wherein the instructions comprise:

a first instruction to asynchronously send a payload to another node;
a second instruction to asynchronously receive a payload from another node; and

a third instruction to search for a payload matching a message specifier.

37. (Currently amended) A computer cluster node for evaluating expressions in
parallel with other computer cluster nodes, the computer cluster node comprising:

a hardware processor configured to access one or more non-transitory memory

devices comprising program code for a single-node kernel that, when executed, causes the

hardware processor to interpret user instructions, to evaluate mathematical expressions,

and to produce results of mathematical expression evaluation, wherein the hardware

processor comprises multiple processor cores;

a user connection interface configured to receive a command to start a cluster
initialization process for a computer cluster;

a mechanism to communicate results of evaluation with other computer cluster

nodes using a peer-to-peer architecture; and
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program code that, when executed, is capable of causing the hardware processor to:

receive calls from a second node comprising a second hardware processor

configured to access a second memory comprising program code for a user

interface and program code for a second single-node kernel, the second single-node

kernel configured to interpret user instructions and distribute calls to at least one of

a plurality of other nodes for execution;

execute, using the hardware processor, at least a first mathematical

expression evaluation; and

communicate a result of the first mathematical expression evaluation to a

third node comprising a third hardware processor with a plurality of processing

cores, wherein the third node is configured to receive the result of mathematical

expression evaluation from the computer cluster node, execute at least a second

mathematical expression evaluation using the result of the first mathematical

expression evaluation, and communicate a result of the second mathematical

expression evaluation to the first node;

wherein the user connection interface is configured to return at least one result of
mathematical expression evaluation to a user interface or a script; and

wherein the computer cluster node is configured to:

accept user instructions;

after accepting user instructions, communicate at least some of the user

instructions using the mechanism for the nodes to communicate with each other;

and

after communicating at least some of the user instructions using the

mechanism, communicate at least some of the user instructions to the single-node

kernel.
38. (Previously presented) The computer cluster node of claim 37, wherein the one or

more non-transitory memory devices comprise program code for performing a parallel fast Fourier

transform, wherein the program code causes the hardware processor to evaluate a command to
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perform a Fourier transform on an array comprising a first data portion that is stored on the

computer cluster node and a second data portion that is not stored on the computer cluster node.

39. (Previously presented) The computer cluster node of claim 37, wherein the
computer cluster node is configured to permit exchange of information with other computer cluster

nodes during the course of parallel computation.

40. (Previously presented) The computer cluster node of claim 37, wherein the
computer cluster node comprises instructions executable by the hardware processor and configured
to implement asynchronous behavior, wherein the instructions comprise:

a first instruction to asynchronously send a payload to another node;
a second instruction to asynchronously receive a payload from another node; and

a third instruction to search for a payload matching a message specifier.

41. (Previously presented) The computer cluster node of claim 37, wherein the

hardware processor comprises a special purpose microprocessor.

Reason for Allowance

The following is an examiner’s statement of reasons for allowance.

Independent Claims 2 as amended distinguishes itself over the prior art due to the
amended limitation in combination with the rest of the limitations. It is to be noted that it is the
combination of all limitations that renders the claims allowable. Claims 3-25, and 27-41 are

allowed based on the same reason(s).

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the
issue fee. Such submissions should be clearly labeled “Comments on Statement of Reasons

for Allowance.”
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Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to HERMON ASRES whose telephone number is (571)272-4257. The
examiner can normally be reached on Monday to Friday 9AM to 5PM.

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

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Vivek Srivastava can be reached on (571)272-7304. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you
would like assistance from a USPTO Customer Service Representative or access to the

automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/HERMON ASRES/
Examiner, Art Unit 2449
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Continuation of Substance of Interview including description of the general nature of what was agreed
to if an agreement was reached, or any other comments: Examiner contacted applicant and proposed
incorporating dependent claim 26 into all the Independent claims and also re-write independent claim
37 to have all the limitations of that other independent claims and cancel dependent claim 26 in order
to put the application in condition for allowance. Applicant's representative Lance Smemoe (REG NO
66,152) has authorized the cancellation of dependent claim 26 and incorporating it's limitation to all
the independent claims and also authorized make independent claim 37 have all the limitations from
the other independent claims. Applicant has filed Terminal Disclaimer to overcome the double
patenting rejection.
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S10 #8156  {{H04L41/12.cpc. US-PGPUB; {OR OFF 2015/07/24
USPAT; 20:28
EPO; JPO;
DERWENT;
IBM_TDB
St §0 S3 and S6 US-PGPUB; {OR OFF 2015/07/24
USPAT; 20:28
EPO; JPO;
DERWENT;
IBM_TDB
st2 {0 S3 and S7 US-PGPUB; {OR OFF 2015/07/24
USPAT; 20:28
EPO; JPO;
DERWENT;
IBM_TDB
S13 {15 S3 and S8 US-PGPUB; {OR OFF 2015/07/24
USPAT; 20:28
EPO; JPO;
DERWENT;
IBM_TDB
St4 {0 S3 and S9 US-PGPUB; {OR OFF 2015/07/24
USPAT; 20:28
EPO; JPO;
DERWENT;
IBM_TDB
Si5 {2 S3 and S10 US-PGPUB; {OR OFF 2015/07/24
USPAT; 20:28
EPO; JPO;
DERWENT;
IBM_TDB
S16 {99 ("20020049859" | "20030005266" | US-PGPUB; {OR OFF 2015/07/25
"20030051062" | "20030135621" | USPAT; 12:54
"20030195931" | "20030195938" | EPO; JPO;
"20040110209" | "20040157203" | DERWENT;
"20040252710" | "20050021751" | IBM_TDB
"20050038852" | "20050060237" |
"20050076105" | "20050108394" |
"20050180095" | "20060053216" |
"20060106931" | "20070044099" |
"20070073705" | "20080250347" |
"20080281997" | "5423046" | "5881315" |
"5930768" | "6108699" | "6202080" |
"6546403" | "6578068" | "6751698" |
"6782537" | "6968335" | "7093004" |
"7136924" | "7174381" | "7249357" |
"7334232" | "7437460" | "7472193" |
"7554949" | "7937455" | "8082289" |
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S17

"8140612" | "8402083" | "8676877").PN.

177

(computer with cluster) same nodes same
kernel

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT,;
IBM_TDB

OR

OFF

2015/07/25
13:19

S18

10

(computer with cluster) same nodes same
kernel and mathematica

US-PGPUB;
USPAT;
EPQO; JPO;
DERWENT,;
IBM_TDB

OR

OFF

2015/07/25
13:20

S19

S20

S21

177

(computer with cluster) same nodes same
kernel

US-PGPUB;
USPAT,;
EPO; JPG;
DERWENT;
|BM_TDB

OR

OFF

2015/07/25
13:23

("8402080").PN.

US-PGPUB;
USPAT;
USOCR;
EPO; JPO;
DERWENT;

IBM TDB 4

OR

OFF

2015/11/29
23:38

("8849889").PN.

US-PGPUB;
USPAT;
USOCR;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2015/11/29
23:38

S22

92

US-1234567-$.DID. OR US-5423046-
$.DID. OR US-5881315-3.DID. OR US-
5930768-$.DID. OR US-6108699-$.DID.
OR US-6202080-$.DID. OR US-6546403-
$.DID. OR US-6578068-3.DID. OR US-
6751698-$.DID. OR US-6782537-$.DID.
OR US-6968335-$.DID. OR US-7093004-
$.DID. OR US-7136924-$.DID. OR US-
7174381-$.DID. OR US-7249357-$.DID.
OR US-7334232-$.DID. OR US-7437460-
$.DID. OR US-7472193-$.DID. OR US-
7554949-3.DID. OR US-7937455-$.DID.
OR US-8082289-$.DID. OR US-8140612-
$.DID. OR US-8402083-$.DID. OR US-
8676877-$.DID. OR US-20020049859-
$.DID. OR US-20030005266-$.DID. OR
US-20030051062-$.DID. OR US-
20030135621-$.DID. OR US-
20030195931-$.DID. OR US-
20030195938-$.DID. OR US-
20040110209-$.DID. OR US-
20040157203-$.DID. OR US-
20040252710-$.DID. OR US-
20050021751-$.DID. OR US-
20050038852-$.DID. OR US-
20050060237-$.DID. OR US-
20050076105-$.DID. OR US-
20050108394-$.DID. OR US-
20050180095-$.DID. OR US-
20060053216-$.DID. OR US-
20060106931-$.DID. OR US-
20070044099-$.DID. OR US-
20070073705-$.DID. OR US-
20080250347-$.DID. OR US-

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2015/11/29
23:39
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\120080281997-$.DID. OR JP-1234567-
{{$.DID. OR JP-0887473-$.DID. OR JP-
\{2002117010-$.DID. OR US-6131999-
1i$.DID.
S23 4 §(computer with cluster) same (nodes) USPAT OR OFF 2016/06/17
\isame (single-node with kernel) 19:19
S24 {10 (computer with cluster) same (nodes) US-PGPUB; {OR OFF 2016/06/17
same (single-node with kernel) USPAT; 19:20
EPO; JPC;
DERWENT;
IBM_TDB
S25 {11 (computer with cluster) same (nodes) and {US-PGPUB; {OR OFF 2016/06/17
(single-node with kernel) USPAT; 19:20
EPO; JPC;
DERWENT;
IBM_TDB
S26 {11 (computer with cluster) and (nodes) and §US-PGPUB; {OR OFF 2016/06/17
(single-node with kernel) USPAT; 19:20
EPO; JPC;
DERWENT;
IBM_TDB
S27 {224 (computer with cluster) and (nodes) and {US-PGPUB; {OR OFF 2016/06/17
(single with kernel) USPAT; 19:20
EPO; JPO;
DERWENT;
IBM_TDB
S28 {145 (computer with cluster) same (nodes) and $§US-PGPUB; {OR OFF 2016/06/17
(single with kernel) USPAT; 19:21
EPO; JPO;
DERWENT;
IBM_TDB
S29 6 (computer with cluster) same (nodes) and §US-PGPUB; {OR OFF 2016/06/17
(single with kernel) and 709/223.ccls. USPAT; 19:22
EPO; JPO;
DERWENT;
IBM_TDB
S30 #10 (computer with cluster) same (single with #US-PGPUB; {OR OFF 2016/07/07
node with kernel) USPAT; 16:08
EPO; JPO;
DERWENT;
IBM_TDB
S31 {79 (computer with cluster) and (single with US-PGPUB; §OR OFF 2016/07/07
node with kernel) USPAT; 18:41
EPO; JPO;
DERWENT;
IBM_TDB
S32 2 ("8676877").PN. US-PGPUB; {OR OFF 2016/07/08
USPAT; 12:43
EPO; JPO;
DERWENT;
IBM_TDB
S33 §2 ("8676877").PN. US-PGPUB; {OR OFF 2016/07/08
USPAT; 15:47
EPO; JPO;
DERWENT;
|BM_TDB
S34 {1505 (computer with cluster) and kernel and US-PGPUB; iOR OFF 2016/07/08
nodes and request USPAT; 15:53
EPO; JPO;
DERWENT;
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I

N
N
N

yiBM_TDB {

3
{
N

\
A

N
N
N

S35

271

S34 and mathematical

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2016/07/08
15:53

S36

178750

S34 and mathematical smae kernel

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2016/07/08
15:53

S37

10

\IS34 and mathematical same kernel

US-PGPUB;
USPAT;
EPO; JPG;
DERWENT;
IBM_TDB

OR

OFF

12016/07/08
1#15:53

}
{

}
3

S38

("20050021751").PN.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2016/07/08
15:54

S39

29

(single with node with kernel) same
cluster

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
|IBM_TDB

OR

OFF

2016/07/08
16:10

$40

22

(mathematical with kernel) same cluster

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2016/07/08
16:11

SA1

22

(mathematical with kernel) same cluster

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2016/07/08
17:18

42

("20050021751").PN.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2016/07/08
17:24

$43

180800

mathematica kernel

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
|BM_TDB

OR

OFF

2016/07/08
18:39

S44

11

mathematica near5 kernel

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
|IBM_TDB

OR

OFF

2016/07/08
18:39

$45

13

mathematica with kernel

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
|BM_TDB

OR

OFF

2016/07/08
18:40

S46

10

1("8402080").PN.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT,;

OR

OFF

12016/07/08
118:43

N
N
N
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IBM_TDB
47 2 ("8849889").PN. US-PGPUB; iOR OFF 2016/07/08
USPAT; 18:44
EPO; JPO;
DERWENT;
IBM_TDB
S48 {101 ("20020049859" | "20030005266" | US-PGPUB; {OR OFF 2016/07/08
"20030051062" | "20030135621" | USPAT,; 18:44
"20030195931" | "20030195938" | EPO; JPC;
"20040110209" | "20040157203" | DERWENT,;
"20040252710" | "20050021751" | IBM_TDB
"20050038852" | "20050060237" |
"20050076105" | "20050108394" |
"20050180095" | "20060053216" |
"20060106931" | "20070044099" |
"20070073705" | "20080250347" |
"20080281997" | "5423046" | "5881315" |
"5930768" | "6108699" | "6202080" |
"6546403" | "6578068" | "6751698" |
"6782537" | "6968335" | "7093004" |
"7136924" | "7174381" | "7249357" |
"7334232" | "7437460" | "7472193" |
"7554949" | "7937455" | "8082289" |
"8140612" | "8402083" | "8676877").PN.
$49 {17 mathematica with cluster US-PGPUB; iOR OFF 2016/07/08
USPAT; 18:50
EPO; JPO;
DERWENT;
IBM_TDB
S50 {43 mathematica same cluster US-PGPUB; {OR OFF 2016/07/08
USPAT; 18:51
EPO; JPO;
DERWENT;
IBM_TDB
S51  {§537678 {istephen wolfram mathematica kernel US-PGPUB; {iOR OFF 2016/07/08
USPAT; 19:42
EPO; JPO;
DERWENT;
IBM_TDB
S52 1§50 (stephen near2 wolfram).in. US-PGPUB; {OR OFF 2016/07/08
USPAT; 19:42
EPO; JPO;
DERWENT;
IBM_TDB
S53 {1 $52 and mathematica and kernel US-PGPUB; {OR OFF 2016/07/08
USPAT; 19:43
EPO; JPO;
DERWENT;
IBM_TDB
S54 #2115 mathematica and kernel US-PGPUB; §OR OFF 2016/07/08
USPAT; 19:43
EPO; JPO;
DERWENT;
IBM_TDB
S55 {74 S54 and cluster US-PGPUB; {OR OFF 2016/07/08
USPAT; 19:43
EPO; JPO;
DERWENT;
IBM_TDB
S56 {13 §mathematica with kernel US-PGPUB; {OR OFF §2016/O7/08
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USPAT; 119:44
EPO; JPO; N
DERWENT; ;
IBM_TDB N

S57 {0 ("gridMathematica").PN. US-PGPUB; {OR OFF 2016/07/09
USPAT; 10:16

EPO; JPO;
DERWENT;
IBM_TDB

S58 {0 ("gridwithMathematica").PN. US-PGPUB; {OR OFF 2016/07/09
USPAT; 10:16

EPO; JPO;
DERWENT;
IBM_TDB

S59 §19 grid with Mathematica US-PGPUB; {OR OFF 2016/07/09
USPAT; 10:16

EPO; JPO;
DERWENT;
IBM_TDB

S60 20 gridMathematica US-PGPUB; {OR OFF 2016/07/09
USPAT; 10:16

EPO; JPO;
DERWENT;
IBM_TDB

S61 {14 gridMathematica and wolfram US-PGPUB; {OR OFF 2016/07/09
USPAT; 10:21

EPO; JPC;
DERWENT;
IBM_TDB

S62 20 gridMathematica US-PGPUB; {OR OFF 2016/07/09
USPAT; 10:22

EPO; JPO;
DERWENT;
IBM_TDB

S63 {2578 Mathematica US-PGPUB; i OR OFF 2016/07/09
USPAT; 10:22

EPO; JPOC;
DERWENT;
|BM_TDB

S64 {215 Mathematica and kernel US-PGPUB; §OR OFF 2016/07/09
USPAT; 10:22

EPO; JPO;
DERWENT;
|BM_TDB

S65 {15749 {iwolfram US-PGPUB; {{OR OFF 2016/07/09
USPAT; 10:29

EPO; JPO;
DERWENT;
|BM_TDB

S66 8450 wolfram.in. US-PGPUB; {OR OFF 2016/07/09
USPAT; 10:29

EPO; JPOC;
DERWENT;
|BM_TDB

S67 {15 S66 and mathematica US-PGPUB; {{OR OFF 2016/07/09
USPAT; 10:30

EPO; JPOC;
DERWENT,;
IBM_TDB

S68 42 S66 and kernel US-PGPUB; {{OR OFF $i2016/07/09;
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USPAT; §10:30
EPO; JPO; {
DERWENT; i
|BM_TDB

S69 2 ("20070073705").PN. US-PGPUB; {OR OFF 2016/07/09
USPAT; 10:44

EPO; JPO;
DERWENT;
IBM_TDB

S70 2 ("20050021751").PN. US-PGPUB; {OR OFF 2016/07/09
USPAT; 10:46

EPO; JPO;
DERWENT;
IBM_TDB

S71 §2 ("20050021751").PN. US-PGPUB; iOR OFF 2016/11/07
USPAT; 13:23

EPO; JPC;
DERWENT;
IBM_TDB

S72 §2 ("20050021751").PN. US-PGPUB; {iOR OFF 2017/03/01
USPAT; 19:24

EPO; JPO;
DERWENT;
IBM_TDB

S73 {0 (" US-PGPUB; {OR OFF 2017/03/01
(computerwithnodeswithclister)same(peer- {USPAT; 19:47

to-peer)and@ad<20060101").PN. EPO; JPO;
DERWENT,;
IBM_TDB

S74 {0 §(computer with nodes with clister) same US-PGPUB; {OR OFF §2017/03/01
(peer-to-peer) and @ad< "20060101" USPAT; 19:47
EPO; JPC;
DERWENT;
IBM_TDB

S75 43 (computer with nodes with cluster) same $US-PGPUB; {OR OFF 2017/03/01
(peer-to-peer) and @ad<"20060101" USPAT; 19:48
EPO; JPO;
DERWENT;
IBM_TDB

S76 {2 ("20050021751").PN. US-PGPUB; §OR OFF 2017/03/02
USPAT; 17:12

EPO; JPO;
DERWENT;
IBM_TDB

S77 {12 ("8601101").PN. US-PGPUB; {OR OFF 2017/03/02
USPAT; 17:12

EPO; JPO;
DERWENT;
IBM_TDB

S78 44 (computer with cluster) and kernel and US-PGPUB; {OR OFF 2018/02/18
(mathematical with expression) USPAT; 22:39

EPO; JPO;
DERWENT;
IBM_TDB

S79 {0 (computer with clusters) same kernel US-PGPUB; {OR OFF 2018/02/18
same mathematical USPAT; 22:47

EPO; JPO;
DERWENT;
IBM_TDB

1S80 130 Y(computer with clusters) and kernel same {jUS-PGPUB; |OR HOFF  }2018/02/18]

N
N
N
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imathematical USPAT; 122:47
I EPO; JPO;
i DERWENT;
IBM_TDB
S81 §9 (computer with clusters) same kernel US-PGPUB; {OR OFF 2018/02/18
same mathematica USPAT; 22:48
EPO; JPO;
DERWENT;
IBM_TDB
S82 {95 (computer with clusters) same US-PGPUB; {OR OFF 2018/02/18
mathematical USPAT; 22:50
EPO; JPO;
DERWENT;
IBM_TDB
S83 {2 (computer with clusters) same US-PGPUB; {OR OFF 2018/02/18
mathematical same expressions USPAT; 22:50
EPO; JPO;
DERWENT;
IBM_TDB
S84 {0 cluster near5 mathematical near5 US-PGPUB; {OR OFF 2018/02/19
evaluate USPAT; 11:19
EPO; JPO;
DERWENT;
IBM_TDB
S85 2 cluster with mathematical with evaluate US-PGPUB; §OR OFF 2018/02/19
USPAT; 11:20
EPO; JPO;
DERWENT;
IBM_TDB
S86 {2 ("20050038852").PN. US-PGPUB; {OR OFF 2018/02/19
USPAT; 11:22
EPO; JPOC;
DERWENT;
IBM_TDB
S87 {20 ("20050021751" | "20070073705" | US-PGPUB; i OR OFF 2018/02/19
"20070094532" | "6968359" | USPAT; 11:35
"8601101").PN. EPO; JPO;
DERWENT;
IBM_TDB
S88 {70 (US-0005068-$ | US-0015460-$ | US- US-PGPUB; iOR OFF 2018/02/19
0026601-$ | US-0059473-$ | US-0097300- §USPAT; 11:36
$ | US-0098447-$ | US-0124363-$ | US- {EPO; JPO;
0154789-$ | US-0188088-$ | US-0254984- {DERWENT;
$ | US-1234567-$ | US-1368948-$ | US- §{IBM_TDB
20030005068-$ | US-20040098447-$ | US-
20040254984-$ | US-20050015460-$ | US-
20050026601-$ | US-20050097300-$ | US-
20050154789-$ | US-20050188088-$ | US-
20060059473-$ | US-20070124363-$ | US-
25376674-$ | US-5195580-$ | US-
6006259-$ | US-6067609-$ | US-6604134-
$ | US-7031944-$ | US-7177874-$ | US-
7315877-$ | US-7502915-$ | US-7519652-
$ | US-7533141-$ | US-7533389-$ | US-
7568131-$ | US-7598390-$ | US-7644130-
$ | US-7757236-$ | US-7788314-$ | US-
7835022-$ | US-8117288-$ | US-9405564-
$).DID.
S89 4802 §(computer with cluster with nodes) US-PGPUB; iOR OFF §2018/02/19
USPAT; ¥11:49
EPO; JPO;
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DERWENT;
|BM_TDB

S90

S91

30

(computer with cluster with nodes) same
(mathematica$)

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2018/02/19
11:50

(computer with cluster with nodes) same
(mathematica$) and kernel

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2018/02/19
11:50

S92

230

(computer with cluster) same
(mathematica$)

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
|BM_TDB

OR

OFF

2018/02/19
11:51

S93

S94

28

(computer with cluster) same
(mathematica$) and kernel

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;

IBM TDB 4

OR

OFF

2018/02/19
11:562

230

(computer with cluster) same
(mathematica$)

US-PGPUB;
USPAT;
EPO; JPC;
DERWENT;
IBM_TDB

OR

OFF

2018/02/19
11:54

S95

17

(computer with cluster) same
(mathematica$) same result$3

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
|IBM_TDB

OR

OFF

2018/02/19
11:55

(computer with cluster) same
(mathematica$ with expression)

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2018/02/19
11:56

S97

15

(high with performance) same cluster
same (mathematics mathematica)

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
|BM_TDB

OR

OFF

2018/02/19
12:07

S98

114

(high with performance) same cluster and
(mathematics mathematica)

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2018/02/19
12:08

S99

("7418470").PN.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2018/02/19
12:12

S100

("20030195938").PN.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2018/02/19
12:13

S101

("20050021751").PN.

US-PGPUB;
USPAT;

EPO; JPO;

OR

OFF

12018/02/19
12:42
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DERWENT;
|BM_TDB
S102 {12 ("8601101™).PN. US-PGPUB; {OR OFF 2018/02/19
USPAT; 12:42
EPO; JPC;
DERWENT;
I1BM_TDB
S103 §2 ("20030195938").PN. US-PGPUB; {OR OFF 2018/02/19
USPAT; 12:42
EPO; JPC;
DERWENT;
|BM_TDB
S104 {2 ("20030195938").PN. US-PGPUB; {OR OFF 2018/02/19
USPAT; 13:24
EPO; JPO;
DERWENT;
IBM_TDB
EAST Search History (I nterference)
Ref {{Hits i{Search Query DBs Default jPlurals {Time
# Operator Stamp
L1 5233 i{iH04L41/0213.cpc. us OR OFF 2018/11/22
PGPUB; 12:28
USPAT
L2 {1567 {jH04L29/08072.cpc. us OR OFF 2018/11/22
PGPUB; 12:28
............................ USPAT
L3 {26795 {{H04L29/06.cpc. us OR OFF 2018/11/22
PGPUB; 12:28
USPAT
L4 8674 i{H04L41/22.cpc. us OR OFF 2018/11/22
PGPUB; 12:28
USPAT
L5 {11500 {{HO4L41/12.cpc. us OR OFF 2018/11/22
PGPUB; 12:28
USPAT
L6 0 ((cluster with initialization) and (mathematical {US- OR OFF 2018/11/22
with expression) and (nodes with PGPUB; 12:30
mathematical) and (single with node with USPAT
o _Hkernel)).clm.
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PTO/SB/26

Doc Code: DIST.E.FILE U.S. Patent and Trademark Office

Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce
Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A

“PRIOR” PATENT

Application Number 14181112

Filing Date 14-Feb-2014
First Named Inventor Zvi Tannenbaum
Attorney Docket Number ZTANN.002P1C3

Title of Invention

CLUSTER COMPUTING

X Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

X] This electronic Terminal Disclaimer is not being used for a Joint Research Agreement.

Owner Percent Interest

Advanced Cluster Systems, Inc. 100%

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration
date of the full statutory term of prior patent number(s)

8676877

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors
or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent
is presently shortened by any terminal disclaimer,” in the event that said prior patent later:

- expires for failure to pay a maintenance fee;

- is held unenforceable;

- is found invalid by a court of competent jurisdiction;

- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

- has all claims canceled by a reexamination certificate;

- is reissued; or

- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

(® Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.
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O | certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above-identified application.

Applicant claims the following fee status:

(® Small Entity
(O Micro Entity

(O Regular Undiscounted

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

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

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

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 70256

(O Asoleinventor

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

(O Ajointinventor; all of whom are signing this request

Si t
'ghature /Damien J. Howard/

Name Damien J. Howard

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.
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Electronic Patent Application Fee Transmittal

Application Number: 14181112
Filing Date: 14-Feb-2014
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Filer:

Damien J. Howard/Leonardo Quintana

Attorney Docket Number: ZTANN.002P1C3
Filed as Small Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount SUB—JS:;)I in
Basic Filing:
STATUTORY OR TERMINAL DISCLAIMER 2814 1 160 160
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount SuB—;’g(t:)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 160
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Doc Code: DISQ.E.FILE
Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 14181112
Filing Date: 14-Feb-2014

Applicant/Patent under Reexamination:  Tannenbaum

Electronic Terminal Disclaimer filed on  November 21, 2018

X APPROVED

This patent is subject to a terminal disclaimer

1 DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office
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Electronic Acknowledgement Receipt

EFS ID: 34373895
Application Number: 14181112
International Application Number:
Confirmation Number: 6874
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Customer Number:

20995

Filer:

Damien J. Howard/Leonardo Quintana

Filer Authorized By:

Damien J. Howard

Attorney Docket Number: ZTANN.002P1C3
Receipt Date: 21-NOV-2018
Filing Date: 14-FEB-2014
Time Stamp: 14:01:20

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $160

RAM confirmation Number

112318INTEFSW14011800

Deposit Account

111410

Authorized User

Leonardo Quintana

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

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

37 CFR 1.17 (Patent application and reexamination processing fees)
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
33382
1 Terminal Disclaimer-Filed (Electronic) eTerminal-Disclaimer.pdf no 2
7d0dd8aa460a29b20acf2200d97b2d20519
a%803
Warnings:
Information:
30331
2 Fee Worksheet (SB06) fee-info.pdf no 2
a1b8d3930a4f2b702c¢2d 1c7490db50e9837|
Warnings:
Information:
Total Files Size (in bytes){ 63713

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/08 Equivalent

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Application No.

14/181112

Filing Date

February 14, 2014

First Named Inventor

Zvi Tannenbaum

Art Unit

2449

(Multiple sheets used when necessary)

Examiner

Asres, Hermon

SHEET 1 OF 1

Attorney Docket No.

ZTANN.002P1C3

U.S. PATENT DOCUMENTS

Examiner | Gite Document Number Publication Pages, Columns, Lines Where
initials | No Number - Kind Code (if known) Date Name Relevant Passages or
’ Example: 1,234,567 B1 MM-DD-YYYY Relevant Figures Appear
1 2003/195938 10-16-2003 |Howard
2 2004/015968 01-22-2004 |Neiman
3 2004/098359 05-20-2004 |Bayliss
4 2004/098447 05-20-2004 |Verbeke
FOREIGN PATENT DOCUMENTS
Foreign Patent Document Publication Pages, Columns, Lines
Examiner | Cite| Country Code-Number-Kind Date Name Where Relevant Passages T
Initials | No. Code MM-DD-YYYY or Relevant Figures
Example: JP 1234567 A1 Appear
JP2004-247405 09-02-2004 Semiconductor Energy X
5 ) . Lab
(w/ machine translation)
6 JP H11-126196 05-11-1999 Hitachi Ltd. X
(w/ machine translation)
NON PATENT LITERATURE DOCUMENTS
Examiner | Cite| Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the
Initials No. item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue T
number(s), publisher, city and/or country where published.
Roman E. Maeder “Mathematica Parallel Computing Toolkit — Unleash the Power of Parallel
7| Computing”, January 1, 2005, pages i-x, 1-90.
URL:http//media.wolfam.com/documents/ParallelComputing ToolkitDoumentation.pdf; retrieved on
August 21, 2015.
g| European Search Report received in Application No. 17207443.7, dated September 20, 2018, in 9
pages.
28546208

Examiner Signature

Date Considered

*Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant.

T' - Place a check mark in this area when an English language Translation is attached.
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Abstract of JP2004247408 (A}

PROBLEM TO BE SOLVED: To provide a
semiconducior device which can deal with
the nereass of an amount of information
by using a low-cost glass board and
which has an inlegrated circult capable of &
baing operated at a high speed with high
performances. (BOLUTION: The

semiconductor device includes semiconductor elemsents laminatad by transferring the
semiconductor slements formed on different substrates. In the semiconductor device, a
film formed of a resin and a partially provided melal oxide exist betwsen the laminaled
semiconductor slements. A light emitling slement slectrically connecied to the one of
the laminated semiconducior slements converts a first electric signal into an optical
signal. A photodetecting slement elecirically comnnscted {o the different one of the

https://worldwide.espacenet.com/publicationDetails/biblio?11=1&ND=3&adjacent=true&locale=en_EP&FT=D&date=20040902&CC=JP&NR=20042474...
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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation output.

DESCRIPTION JP2004247405

PROBLEM TO BE SOLVED: To provide a semiconductor device having an integrated circuit
capable of coping with an increase in information amount, using an inexpensive glass substrate,
and capable of high-speed operation at high speed. SOLUTION: This semiconductor device has a
semiconductor clement laminated by transferring semiconductor elements formed on different
substrates, and between the stacked semiconductor elements, a film formed of resin and a part In
the light emitting element electrically connected to one of the stacked semiconductor elements in
which a metal oxide provided in advance is present, the first electric signal is converted into an
optical signal, and the difference in the stacked semiconductor elements And converting the
optical signal into a second electric signal in a light receiving element electrically connected to
the other. (FIG.

Semiconductor device

BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention relates to an
integrated circuit {thin film integrated circuit) using a semiconductor film having a crystal
structure formed on a glass substrate, and more particularly to an integrated circuit {thin film
integrated circuit) , A thin film integrated circuit formed by optical interconnection, and a
semiconductor device using the thin film integrated circuit. As the minimum dimension of
miniaturization approaches the submicron range, the integration of LSIs has been stopping. If the
degree of high integration is insufficient, since the wiring resistance can not be suppressed,
signal delay, waveform distortion, and signal transmission amount are reduced, and the
information processing capability of the integrated circuit is Hmited. Also, if the parasitic
capacitance between the wirings increases along with the increase in wiring length, there is also
a problem that power consumption can not be suppressed because charging and discharging
energy to the wiring increases. Therefore, in order to further advance the high integration, a

26-08-2018 1
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technique concerning a three-dimensional integrated circuit attracts attention. A three-
dimensional integrated circuit is a technique of hierarchically stacking semiconductor elements
with an interlayer insulating film interposed therebetween, realizing dramatically higher
integration of integrated circuits, higher speed and multifunctionalization by shortening wiring
length We are trying to do. In order to form a three-dimensional integrated circuit, it is necessary
to electrically connect the semiconductor elements formed in each layer. The electrical
connection between the semiconductor elements between the respective layers can be performed
by a wire bonding method, a flip chip method, or the like. Further, via holes can be formed in the
interlayer insulating film separating the respective layers and electrical connection can be made.
It is also possible to use a so-called optical interconnection in which an electric signal is
converted into an optical signal by using a light emitting element and connection is performed by
optical transmission. [0005] Japanese Patent Application Laid-Open Publication No. 2002-
208587 discloses a technique for transmitting data between a CPU, a memory controller, and a
memory using an optical signal. As described in Japanese Patent Application Laid-Open No.
2000-58882, data transmission is performed using optical signals, so that skew caused by wiring
resistance, Unnecessary radio wave radiation can be reduced. As described above, three-
dimensional integration of an integrated circuit is an important technique for realizing further
higher integration, but further increase in the amount of information processed by a
semiconductor device There is a problem that it becomes difficult to connect each layer if the
number of layers to be stacked is increased in order to deal with this problem.

For example, in the case of the wire bonding method, it is easy to connect neighboring layers
with thin metal wires, but when two layers to be connected are separated, they exist between the
layers so as not to hinder the formation of fine metal wires used for connection It is necessary to
limit the shape of the layer. Therefore, as multilayering progresses and the number of layers
existing between the two layers to be connected increases, it becomes difficult to connect using
thin metal wires. Also, because metal thin wires are usually bonded in the vicinity of the edges of
each layer, the area where metal thin wires are connected is Hmited, and the pumber of terminals
of each layer is limited. In the case of the flip chip method, since the area used for electrical
connection is not Hmited, it is possible to provide a relatively large number of terminals of each
layer as compared with the wire bonding method. However, as with the wire bonding method, it
is suitable for connecting neighboring layers, but if the two layers to be connected are separated,
the shape of the layer existing therebetween is changed so as not to hinder the connection by the
solder ball It is necessary to limit it, and it is not suitable for multilayering. Also, in the case of
forming via holes in the interlayer insulating film and connecting them, if the two layers to be
connected are separated, it is necessary to form a via hole penetrating all the layers existing
therebetween. As the thickness of the layer penetrating the via hole increases, the diameter of the
via hole needs to be increased, which is not preferable because it hinders high integration of the
wiring. In the case of using optical transmission, unlike the other cases described above, even if
the two layers to be connected are separated by multilayering, by using an optical system such as
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an optical fiber, the shape of another layer can be changed It is possible to perform interlayer
connection without restriction. In general, however, optical fibers are expensive and, from the
viewpoint of the cost of a semiconductor device using an integrated circuit, it is not a preferable
member for use. In addition, if a thin film integrated circuit composed of a plurality of layers is
continuously formed on one substrate, optical transmission can be easily performed without
using an optical system such as an optical fiber. However, when crystallizing a semiconductor
film used for a semiconductor element in an upper layer, there is a restriction that it is performed
at a temperature lower than the heat resistance temperature of the semiconductor element in the
lower layer, and there are many process restrictions, and it is difficult to form a thin film
integrated circuit with higher characteristics difficult. In view of the above problems, it is an
object of the present invention to provide a semiconductor device having an integrated circuit
which can cope with an increase in the amount of information by using an inexpensive glass
substrate and which can perform high-speed operation at high speed. In order to solve the above
problems, the present invention provides a thin film integrated circuit using a semiconductor thin
film formed on a substrate having heat resistance, and the thin film integrated circuit Is

transferred onto a separately prepared substrate.

By repeating this transfer, a plurality of thin film integrated circuits are stacked to achieve three-
dimensionalization. The substrate for forming the thin film integrated circuit before transfer may
have heat resistance enough to withstand the heat treatment in the manufacturing process of the
serniconductor element. The thin film integrated circuits (hereinafter referred to as thin film
chips) of the respective layers are connected by so-called optical interconnection using optical
signals. That is, a light emitting element is provided on the output side of the upper stage circuit
of the stacked thin film chips, and a light receiving element is formed on the input side of the
subsequent stage circuit so as to face the light emitting element. Then, the electric signal
outputted from the upper stage circuit is converted into an optical signal in the light emitting
element, the light receiving element which received the optical signal converts it into an electric
signal, and inputs it into the circuit in the subsequent stage. Transfer of a thin film chip is carried
out by providing a metal oxide film between the substrate and the thin film integrated circuit,
weakening the metal oxide film by crystallization, peel off the thin film integrated circuit, and
transfer the thin film chip, . The amorphous silicon film is removed by irradiation with laser light
or etching so that the substrate and the thin film integrated circuit are peeled off and transferred,
a method in which a thin film integrated circuit is formed A method in which the thin film
integrated circuit is separated from the substrate by transfer by mechanically removing the
substrate by etching or etching with a solution or gas, and transferring the transferred substrate.
For example, transfer using a metal oxide film can be performed according to the following
method. First, a first substrate having heat resistance enough to withstand the heat treatment in
the manufacturing process of the semiconductor device is prepared. Then, a metal film is formed
on the first substrate, and the surface of the metal filim is oxidized to form a very thin metal oxide
film of several nm. Next, an insulating film and a semiconductor film are formed in this order on
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the metal oxide film. The insulating film may be a single layer or a stack of a plurality of films.
For example, silicon nitride, silicon nitride oxide, silicon oxide, or the like can be used. Then,
using the semiconductor film, a semiconductor element used for a thin film integrated circuit is
manufactured. After the semiconductor element is formed, a second substrate is bonded so as to
cover the semiconductor element, and a state where the semiconductor element is sandwiched
between the first substrate and the second substrate is formed. In the case of forming a display
device in parallel with the thin film integrated circuit, the second substrate is bonded before the
display element is completed. For exarnple, when a liquid crystal cell is used as a display element,
a pixel electrode of a liquid crystal cell electrically connected to a thin film transistor (TFT) which
is one of semiconductor elements and an alignment film covering the pixel electrode are
manufactured, Before pasting the counter substrate on which the counter electrode is formed.

A third substrate is bonded on the side opposite to the side on which the semiconductor element
of the first substrate is formed in order to reinforce the rigidity of the first substrate. The higher
the rigidity of the first substrate than the second substrate, the less susceptible the damage to the
semiconductor element when peeling off the first substrate, so that it can be peeled off smoothly.
However, when stiffness of the first substrate is sufficient when peeling off the first substrate
from the semiconductor element later, the third substrate does not necessarily need to be
bonded. Next, the metal oxide film is crystallized by heat treatment or the like to increase the
brittleness of the metal oxide film, so that the first substrate is easily separated from the
semniconductor element. Then, the first substrate together with the third substrate is peeled off
from the semiconductor element. Note that the heat treatment for crystallizing the metal oxide
film may be performed before bonding the third substrate or before bonding the second
substrate. Alternatively, the heat treatment performed in the step of forming the semiconductor
element may also serve as a step of crystallizing the metal oxide film. Then, the first substrate
and the third substrate are peeled off from the semiconductor element. Due to this peeling, a
portion to be separated between the metal film and the metal oxide film, a portion to be
separated between the insulating film and the metal oxide film, and a portion where the metal
oxide film itself is separated are generated. In either case, the semiconductor element is peeled
off from the first substrate so as to stick to the second substrate side. Next, by peeling off the
first substrate, the semiconductor clement stuck to the second substrate side is bonded to a
substrate (hereinafter referred to as an element substrate} for forming a semiconductor device
Attach them with agents. Then, the second substrate is peeled off, and the semiconductor
element is transferred to the element substrate. A thin film chip is formed by a semiconductor
element fixed to the element substrate. The lght receiving element and the light emitting element
for connecting the thin film chip and another chip may be formed on the element substrate in
advance or may be formed after the thin film chips are pasted together. Alternatively, a ready-
made light emitting element or light receiving element may be attached and electrically
connected to the thin film chip. Similarly, a thin film integrated circuit constituting the thin film
chip of the next layer is formed on a separately prepared substrate and transferred again so as to
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be superimposed on the already transferred thin film chip. By repeating the transfer in this
manner, the thin film chip can be laminated on the element substrate. At this time, an interlayer
insulating film may be formed of resin or the like between the respective thin film chips.

Further, an adhesive used at the time of transfer may be used instead of the interlayer insulating
film. In the case of transferring a display device together with a thin film chip. a display element
is manufactured after transfer. This also applies to the case of manufacturing a light-emitting
element after transfer. For example, in the case of a liquid crystal display device, specifically, a
plastic substrate (hereinafter referred to as a counter substrate} on which a counter electrode, a
second polarizing plate and the like are formed is prepared separately, and the liquid crystal To
complete the Hquid crystal cell. In addition, not only the counter electrode and the second
polarizing plate, but also a color filter, an alignment film, a black matrix and the like may be
prepared on the opposing substrate. In the present invention, the thickness of one thin film chip
can be set to a total film thickness of 5 4 m, more desirably 2 4 m or less. As described above,
according to the present invention, since the thin film chips of the respective layers can be
manufactured separately, there is no restriction imposed on the process of the semiconductor
element of the upper layer in consideration of the heat resistance of the underlying
semiconductor element, Excellent semiconductor devices can be formed. Unlike the case where
an integrated circuit (hereinafter referred to as a thin film integrated circuit) formed of a thin {film
semiconductor film on a glass substrate is superimposed to form a three-dimensional structure,
the thin film chips of each layer are formed of a glass substrate or the like Without being
interposed therebetween, it is not necessary (o consider light diffusion by the glass substrate.
Further, since the distance between the light emitting element and the light receiving element
can be shortened, even if the light directivity of the light emitting element is inferior, it can be
covered to some extent. A plastic substrate having flexibility can be used for the element
substrate. As the plastic substrate, ARTON: JSR made of a norbornene resin having a polar group
can be used. In addition, it is also possible to use polyethylene terephthalate (PET),
polyethersulfone (PES), polyethylene naphthalate (PEN}, polycarbonate {PC), nylon,
polyetheretherketone (PEEK), polysulfone (PSF), polyetherimide (PEI), poly Plastic substrates
such as arylate {PAR), polybutylene terephthalate (PBT), polyimide and the like can be used. By
using a plastic substrate having flexibility, it is possible to manufacture a thin film integrated
circuit which is superior in mechanical strength to vibration and impact as compared with a glass
substrate and which is reduced in weight, and can be used as a thin film integrated circuit It is
easy to suppress the thickness of.

Further, since the element substrate has flexibility, the degree of freedom of the shape of the thin
film integrated circuit is increased. Therefore, it is also possible to form a thin film integrated
circuit in a shape having a curved surface, for example, such as being attached to a columnar
bottle or the like. By using the thin film integrated circuit of the present invention in a
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semiconductor device, it is possible to secure a wider space for use in an integrated circuit, and
to realize a high function without impeding reduction in weight or size of a semiconductor device
be able to. Particularly in the case of a portable semiconductor device, convenience is
dramatically improved by weight saving and downsizing, so that it is very useful to use the thin
film integrated circuit of the present invention. By using optical interconnection, data can be
transferred between the thin film chips while reducing the influence of skew caused by the
wiring resistance and unnecessary radio wave radiation. Further, in the process of converting an
electric signal to an optical signal and converting it from an optical signal to an electric signal
again, it is possible to freely control the amplitude of the finally obtained electric signal. Further,
since signals of one light emitting clement can be received by a plurality of light receiving
elernents, signals can be transmitted from one thin film chip to a plurality of other thin film chips
at the same time, and very high speed light A bus can be formed. Since each thin film chip
transmits light unlike a single crystal silicon wafer, it is relatively easy to transmit signals
between three or more thin film chips without using a special optical system such as an optical
fiber For example. Note that the TFT formed on the glass substrate is inferior in operating speed
to the single crystal transistor. However, by using an optical signal for signal transmission
between thin film chips, it is possible to take a large bus width of a signal transmitted between
the thin film chips and to make cfficient parallel operation in a circuit on a plurality of thin film
chips It is possible to cover the low operation speed of the TFT formed on the glass substrate.
Even if the degree of integration of the circuit formed on the glass substrate is lower than that of
the single crystal silicon wafer, by using the optical signal for signal transmission between the
substrates, a plurality of thin film chips are stacked So that it is possible to prevent the thin film
integrated circuit from being bulky in the horizontal direction. Further, it is possible to prevent
the wiring from being extended over a long distance and suppress an increase in power
consumption caused by the wiring capacitance. In addition, the process can be easily changed for
each thin film chip.

Therefore, unlike the case where all the circuits are simultaneously formed on one substrate, it is
possible to select a process according to characteristics required for the thin film chips of each
layer. In addition, cost can be reduced by using an inexpensive glass substrate. Since a single
integrated circuit is formed by combining separately prepared thin film chips, the yield can be
increased as compared with the case where an integrated circuit is formed on one substrate at
the same time. Further, by using an optical signal for transmission of signals between the thin
film chips, the number of terminals such as FPC for electrically connecting the circuits can be
suppressed and the reliability in the mechanical strength can be enhanced . Furthermore, even if
the information amount of the signal to be processed increases, it is possible to suppress a
decrease in yield due to the occurrence of a contact failure in the terminal portion. Since the light
emitting element and the light receiving element which transmit and receive the optical signal do
not necessarily need to be arranged at the end of the substrate unlike the terminal of the FPC,
restrictions on the layout are reduced and the amount of information to be processed is further
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increased It is easy to handle increase. As described above, the present invention makes it
possible to provide a semiconductor device having an integrated circuit capable of high
performance and high speed operation. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS A specific method of manufacturing a semiconductor element used in a thin film
integrated circuit of the present invention and a method of bonding (transferring) the
semiconductor element to an element substrate will be described below. In this embodiment, two
TFTs are described as an example of a semiconductor element, but the semiconductor element
included in the thin film integrated circuit is not limited thereto, and any circuit element can be
used. For example, in addition to the TFT, a storage element {memory}, a diode, a photoelectric
conversion element, a resistance element, a coil, a capacitive element, an inductor, and the like
are representatively exemplified. First, as shown in FIG. 1A, a metal film 501 is formed over a
first substrate 500 by a sputtering method. Here, tungsten is used for the metal film 501, and the
film thickness is set to 10 nm to 200 nm, preferably 50 nm to 75 nm. Note that in this
embodiment mode, the metal film 501 is formed directly on the first substrate 500. After
covering the first substrate 500 with an insulating film such as silicon oxide, silicon nitride,
silicon nitride oxide, or the like, a metal film 501 may be formed. After the formation of the metal
film 501, the oxide film 502 is deposited so as not to be exposed to the atmosphere. Here, a
silicon oxide film is formed as the oxide film 502 so as to have a film thickness of 150 nm to 300
nm.

In the case of using the sputtering method, film formation is also performed on the end surface
of the first substrate 500. Therefore, in order to prevent the oxide film 502 from remaining on
the side of the first substrate 500 at the time of peeling in a later process, the metal film 501 and
the oxide film 502 formed on the end face are oxidized by O 2 ashing or the like , Or itis
preferable to cut the end portion of the first substrate 500 by dicing or the like. When the oxide
film 502 is formed, pre-sputtering is carried out, in which plasma is generated by shutting the
space between the target and the substrate with a shutter as a preliminary step of sputtering. The
pre-sputtering is performed with a flow rate of 10 scom for Ar and 30 scem for O 2, keeping the
temperature of the first substrate 500 at 270 °  C. and the deposition power at 3 kW parallel
state. By pre-sputtering, a metal oxide film 503 having an extremely thin thickness of about
several nanometers (here, 3 nmy) is formed between the metal film 501 and the oxide film 502.
The metal oxide film 503 is formed by oxidizing the surface of the metal film 501. Therefore, in
the present embodiment, the metal oxide film 503 is formed of tungsten oxide. In the present
embodiment, the metal oxide film 503 is formed by pre-sputtering, but the present invention is
not limited thereto. For exarple, an inert gas such as Ar may be added to oxygen or oxygen to
intentionally oxidize the surface of the metal film 501 by plasma to form the metal oxide film
503. Next, after forming the oxide film 502, the base film 504 is formed by the PCVD method.
Here, as the base film 504, a silicon oxynitride film is formed 50 as to have a film thickness of
about 100 nm. After forming the base {ilm 504, the semiconductor film 505 is formed without
being exposed to the atmosphere. The film thickness of the semiconductor film 505 is set to 25

|
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to 100 nm (preferably 30 to 60 nm). Note that the semiconductor film 505 may be an
amorphous semiconductor or a polycrystalline semiconductor. In addition, not only silicon but

¥

also silicon germanium can be used as a semiconductor. When silicon germanium is used, the
concentration of germanium is preferably about 0.01 to 4.5 atomic%. Next, the semiconductor
film 505 is crystallized by a known technique. Known crystallization methods include a thermal
crystallization method using an electrothermal furnace, a laser crystallization method using laser
light, and a lamp anncaling crystallization method using infrared light. Alternatively, a
crystallization method using a catalytic element can be used according to the technique disclosed
in JP-A No. 7-130652.

In addition, the semiconductor film 505 which is a polycrystalline semiconductor film may be
formed in advance by a sputtering method, a plasma CVD method, a thermal CVD method, or the
like. In the present embodiment, the semiconductor film 505 is crystallized by laser
crystallization. By using a solid-state laser capable of continuous oscillation and irradiating laser
light of second harmonic to fourth harmonic of the fundamental wave, crystals of large grain size
can be obtained. For example, typically, it is preferable to use the second harmonic (532 nm) or
the third harmonic (355 nm) of an Nd: YVO 4 laser (fundamental wave 1064 nm). Specifically,
laser light emitted from a continuous oscillation YVO 4 laser is converted into harmonic waves
by a nonlinear optical element, and laser light with an output of 10 W is obtained. There is also a
method of emitting harmonics by using a nonlinear optical element. Then, preferably, the
serniconductor film 505 is irradiated with a rectangular or elliptical laser beam formed on the
irradiation surface by an optical system. The energy density at this time is about 0.01 to 100
MW / cm <2> (preferably 0.1 to 10 MW / cm <2>). Then, the scanning speed is set to about 10
to 2000 cm / s, and irradiation is performed. it is to be noted that laser crystallization may be
performed by irradiating continuous wave fundamental wave laser light and continuous wave
harmonic laser light, or continuous wave fundamental wave laser light and pulse oscillation high
harmonic And a laser beam of a wave may be irradiated. Note that laser light may be irradiated in
an inert gas atmosphere such as a rare gas or nitrogen. This makes it possible to suppress
roughening of the semiconductor surface due to laser light irradiation and to suppress variations
in threshold caused by variations in interface state density. By the irradiation of the semi-laser
beam, the crystallinity of the conductor film 505 is further enhanced. Next, as shown in FIG. 1
(B), the semiconductor film 505 having higher crystallinity is patterned to form island-shaped
semiconductor films 507 and 508, and the island-shaped semiconductor films 507 and 508 are
used To form various semiconductor elements typified by TFTs. Note that in this embodiment,
the base film 504 and the island-shaped semiconductor films 507 and 508 are in contact with
each other, but depending on the semiconductor element, an electrode or the like is provided
between the base film 504 and the island-shaped semiconductor films 507 and 508 Other
insulating films or the like may be formed. For example, in the case of a bottom gate type TFT
which is one of semiconductor elements, a gate electrode and a gate insulating film are formed
between the base film 504 and the island-like semiconductor films 507 and 508.
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In the present embodiment, top-gate TFTs 509 and 510 are formed using island-shaped
semiconductor films 507 and 508 (FIG. 1C). Specifically, the gate insulating film 511 is formed
so as to cover the island-shaped semiconductor films 507 and 508. Then, a conductive film is
formed over the gate insulating film 511 and patterned to form gate electrodes 512 and 513.
Then, by using the gate electrodes 512 and 513 or a patterned film of a resist as a mask, an
impurity imparting n-type conductivity is added to the island-shaped semiconductor films 507
and 508 to form a source region, a drain region, LDD region and the like are formed. Note that
although the TFTs 508 and 510 are n-type here, in the case of a p-type TFT, an impurity
imparting p-type conductivity is added. The TFTs 509 and 510 can be formed by the above
series of steps. Note that the manufacturing method of the TFT is not limited to the above-
described steps. Next, a first interlayer insulating film 514 is formed so as to cover the TFTs 509
and 510. Contact holes are formed in the gate insulating film 511 and the first interlayer
insulating film 514 and then terminals 515 to 518 connected to the TFTs 509 and 510 through
the contact holes are formed so as to be in contact with the first interlayer insulating film 514
Form. A part of the terminal 515 is used as a cathode electrode of a light receiving element
{(photoelectric conversion element). As the terminals 515 to 518, aluminum formed by a
sputtering method is used, but the material is not limited thereto. Other metals such as titanium,
tantalum, tungsten, and copper can be used. Alternatively, a laminated {ilm of titanium,
aluminum, or titanium may be used. Next, an amorphous silicon film containing hydrogen is
formed over the entire surface of the substrate and then patterned to form a photoelectric
conversion layer 519. Then, a transparent conductive film is formed on the entire surface of the
substrate. In this embodiment, ITO having a thickness of 200 nm is formed as a transparent
conductive film by a sputtering method. The transparent conductive tilm is patterned to form an
anode electrode 520 (FIG. 1 (C)). A portion where the terminal 515 used as the cathode
electrode, the photoelectric conversion layer 519, and the anode electrode 520 overlap functions
as the light receiving element 521. The configuration of the light receiving element is not limited
to the configuration shown in FIG. 1 (C). The designer can appropriately determine the
configuration of the light receiving element according to the incident direction of the light
received by the light receiving element.

Then, a second interlayer insulating film 523 is formed over the first interlayer insulating film
514 so as to cover the light receiving element 521 and the terminals 515 to 518. Note that the
second interlayer insulating film 523 is provided to protect the light receiving element 521 in the
later bonding step, and it is not always necessary to form a film. The protective layer 524 to be
formed later may play its role. Next, a protective layer 524 is formed to cover the second
interlayer insulating film 523. The protective layer 524 has a function of protecting the
semiconductor clement when the second substrate is bonded or peeled later, and a material that
can be removed after peeling off the second substrate is used. For example, a protective layer
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524 can be formed by applying an epoxy-based, acrylate-based, or silicone-based resin soluble in
water or aicchols to the entire surface and baking. In this embodiment, a water-soluble resin (VL-
WSHL 10, manufactured by Toagosei Co., Ltd.) is applied by spin coating so as to have a film
thickness of 30 g m, exposure is performed for 2 minutes for temporary curing, UV light Is
exposed for 2.5 minutes from the back surface and 10 minutes from the front for a total of 12.5
minutes to be fully cured to form a protective layer 524 (FIG. 1 (D). In the case where a plurality
of organic resins are laminated, there is a possibility that organic resins are partly dissolved at
the time of coating or firing, or adhesiveness becomes too high depending on the solvent used.
Therefore, when an organic resin soluble in the same solvent is used for the second interlayer
insulating film 523 and the protective layer 524, in order to smoothly remove the protective
layer 524 in a later step, the second interlayer insulating film An inorganic insulating film (GiNx
film, SiN x O v film, AIN x film, or AIN x G vy film} is preferably formed between the protective {ilm
523 and the protective layer 524 to be formed later. Next, in order to facilitate subsequent
peeling, the metal oxide film 503 is crystallized. Due to the crystallization, the metal oxide film
503 easily cracks at the grain boundary, and brittleness can be enhanced. In the present
embodiment, heat treatment is performed for about 0.5 to 5 hours at 420 ° C.t0 550 ° C.to
perform crystallization. Next, the adhesion between the metal oxide film 503 and the oxide film
502 or the adhesion between the metal oxide film 503 and the metal film 501 is partly lowered,
and the part which becomes the trigger for the start of peeling is defined as And carries out
processing to be performed. Specifically, a local pressure is externally applied along the
periphery of the region to be peeled to damage the inside of the layer of the metal oxide film 503
or a part of the vicinity of the interface.

In this embodiment, a hard needle such as a diamond pen or the like is vertically pressed near
the end portion of the metal oxide film 503 and moved along the metal oxide film 503 in a state
where a load is applied as it is. Preferably, a scriber device is used, the pushing amount is set to
0.1 mm to 2 mm, and pressure is applied to move it. In this manner, by forming a portion with
reduced adhesiveness, which will trigger pecling before peeling off, it is possible to reduce
defects in the subsequent peeling step, leading to an improvement in yield . Next, using the
double-sided tape 525, the second substrate 526 is attached to the protective laver 524, and the
third substrate 528 is attached to the first substrate 500 using the double-sided tape 527 (FIG. 1
(E )). Note that an adhesive may be used instead of a double-sided tape. For example, by using an
adhesive that is peeled off by ultraviolet rays, it is possible to reduce the burden on the
semiconductor element at the time of peeling off the second substrate. By attaching the third
substrate 528, it is possible to prevent the first substrate 500 from being damaged in the
subsequent peeling step. As the second substrate 526 and the third substrate 528, it is
preferable to use a substrate which is almost as rigid as the first substrate 500, for example, a
quartz substrate or a semiconductor substrate. Next, the metal film 501 and the oxide film 502
arc physically peeled off. In the previous step, the pecling starts from a region in which the
adhesion of the metal oxide film 503 to the metal film 501 or the oxide film 502 partially
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deteriorates. By the peeling-off, a portion separating between the metal film 501 and the metal
oxide film 503, a portion separating between the oxide film 502 and the metal oxide film 503,
and the metal oxide film 503 themselves are separated to each other Part. Then. semiconductor
elements (here, TFTs 509 and 510) are separated from the second substrate 526 side while the
first substrate 500 and the metal film 501 are bonded to the third substrate 528 side,
respectively. Peeling can be done with a relatively small force (eg, human hand, wind pressure of
gas blown from the nozzle, ultrasonic wave, etc}. FIG. 2 (A) shows the state after peeling. Next,
the substrate (element substrate}) 530 on which the thin film integrated circuit is finally
faminated and the oxide layer 502 to which the metal oxide film 503 is partially adhered are
adhered by the adhesive 529 (see FIG. 2 (B)). During this bonding, the adhesive force between
the oxide layer 502 and the element substrate 530 by the adhesive 529 is higher than the
adhesion force between the second substrate 526 and the protective layer 524 by the double-
sided tape 525 , It is important to select the material of the adhesive 529.

Note that if the metal oxide film 503 remains on the surface of the oxide film 502, the adhesion
with the element substrate 530 may be deteriorated in some cases. Therefore, after completely
removing it by etching or the like, the element substrate 530 So as to enhance the adhbesion.
Examples of the adhesive 529 include various curable adhesives such as a reaction curing type
adhesive, a thermosetting type adhesive, a light curing type adhesive such as an ultraviolet
curing type adhesive, and an anaerobic type adhesive. More preferably, the adhesive 529 is also
preferably provided with a high thermal conductivity by including a powder of silver, nickel,
aluminum, aluminum nitride or a filler. In the present embodiment, an interposer having a solder
ball 531 is used as the element substrate 530. The solder balls 531 are exposed on the back
surface of the surface of the element substrate 530 on which the thin film integrated circuits are
stacked, and are connected to the wiring 532 provided on the surface on which the thin film
integrated circuits are stacked via contact heles provided in the element substrate 530, And is
electrically connected. In the present embodiment, the wiring 532 is formed by plating solder,
gold, or tin, for example, on copper. Next, as shown in FIG. 2C, the double-sided tape 525 and the
second substrate 526 are peeled from the protective layer 524 in order or at the same time. By
using an ultraviolet curable adhesive as the adhesive 529 and a tape or an adhesive that is peeled
off by ultraviolet rays on the double-sided tape 525, peeling of the double-sided tape 525 and
curing of the adhesive 529 can be simultaneously performed . Then, as shown in FIG. 2 (D), the
protective layer 524 is removed. Here, since the water-soluble resin is used for the protective
layer 524, it is dissolved in water and removed. If the protective layer 524 remains as a cause of
failure, it is preferable to subject the surface after the removal to a cleaning treatment or O 2
plasma treatment to remove a part of the remaining protective layer 524. Although tungsten is
used as the metal film 501 in this embodiment, the metal film is not limited to this material in the
present invention. As long as a metal oxide film 503 is formed on the surface thereof and a metal
can be peeled off by crystallizing the metal oxide film 503. For example, TiN, WN, Mo, or the like
can be used. When these alloys are used as the metal film, the optimum temperature for the heat
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treatment during crystallization varies depending on the composition ratio.

Therefore, by adjusting the composition ratio, the heat treatment can be performed at a
temperature that does not interfere with the manufacturing process of the semiconductor
elemnent, and the options of the process of the semiconductor element are hardly limited. As
shown in FIG. 2 (D), when the transfer of the first-layer thin film integrated circuit 533 to the
element substrate 530 is completed, as shown in FIG. 3 {A), first layer thin film integration And
transfers the second layer thin {ilm integrated circuit 534 onto the circuit 533. The lamination of
the second-layer thin film integrated circuit 534 can be performed by using the same method as
the one for laminating the first-layer thin film integrated circuit 533 to the element substrate
530. That is, a second thin film integrated circuit 534 is formed on a separately prepared first
substrate, and a second substrate is attached so as to cover the second thin film integrated circuit
534. Then, after reinforcing the first substrate with the third substrate, the metal oxide film
provided between the first substrate and the second-layer thin film integrated circuit 534 is
crystallized to weaken it, and the first substrate Peeled off together with the third substrate.
Then, the second layer thin film integrated circuit 534 stuck to the second substrate is adhered
onto the first layer thin film integrated circuit 533 by using the adhesive 535, then the second
substrate is removed, and transfer Complete. The distance between the first thin film integrated
circuit 533 and the second thin film integrated circuit 534 can be controlled by adjusting the
thickness of the adhesive 535. Although the thickness of the adhesive depends on the pressure at
the tirme of bonding, in the present embodiment, the thickness is about 20 pm. In the present
embodiment, a case where a light-emitting element is formed after transfer of the second-layer
thin film integrated circuit 534 will be described. At the time of transfer to the thin film
integrated circuit 533 of the first layer, the pixel electrode 536 of the light emitting element is
formed in the second layer thin film integrated circuit 534. The pixel electrode 536 is formed of
a transparent conductive film, and in this embodiment, ITO is used. In this embodiment mode, a
transparent conductive {ilm is used for the pixel electrode of the light emitting element, but the
present invention is not limited thereto. It is desirable to appropriately optimize the configuration
of the light emitting element depending on whether the direction of the light from the light
emitting element is directed to the element substrate side or the opposite direction. Next, as
shown in FIG. 3 (B), a third interlayer insulating film 539 having an opening portion for partially
exposing the pixel electrode 536 and the terminal 545 electrically connected to the thin film
integrated circuit Is formed. In the present embodiment, the case of transferring the second-layer
thin film integrated circuit at the time when the pixel electrode is formed will be described.
However, in addition to the pixel electrode, transfer may be performed at the time when the third
interlayer insulating film is formed Is also possible.

Next, an electroluminescent layer 537 and a cathode 538 are formed so as to overlap with the
pixel electrode 536 in the opening portion of the third interlayer insulating film 539. A portion
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where the pixel electrode 536, the electroluminescent layer 537, and the cathode 538 overlap
with each other corresponds o the light-emitting element 540. As the transparent conductive
film used as the pixel electrode 536, a transparent conductive film in which indium oxide is
mixed with 2 to 20% of zinc oxide (Zn0} may be used in addition to 1TO. The pixel electrode 536
may be polished by wiping and cleaning with a CMP method or a polyvinyl! alcohol-based porous
body so that its surface is planarized. After the polishing using the CMP method, ultraviolet
irradiation, oxygen plasma treatment, or the like may be performed on the surface of the pixel
electrode 536. The electroluminescent layer 537 has a structure in which a plurality of layers
including a light-emitting layer alone or a light-emitting layer are stacked. As the cathode 538,
any other known material can be used as long as it is a conductive film having a small work
function. For example, Ca, Al, CaF, MgAg, AlLi and the like are desirable. Note that the third
interlayer insulating film 539 is preferably heated in a vacuum atmosphere in order to remove
adsorbed moisture, oxygen, and the like, before the electroluminescent layer 537 is formed.
Specifically, heat treatment is performed in a vacuum atmosphere at 100° C.t0 200° C. for
0.5 to 1 hour. Preferably 3 X 10 <-7 Torr or less, and most preferably 3 % 10 <-8 Torr or less if
possible. In the case where the electroluminescent layer 537 is formed after heat treatment is
performed on the third interlayer insulating film 539 in a vacuum atmosphere, reliability can be
further improved by keeping the electroluminescent layer 537 in a vacuum atmosphere just
before film formation . Further, it is desirable that the opening portion of the third interlayer
insulating film 539 where the pixel electrode 536 is exposed has a rounded end. Since the end
portion of the opening portion is rounded, it is possible to prevent the electroluminescent layer
537 from becoming extremely thin at the end portion and to prevent a hole from being formed,
and a light emitting element due to a short circuit between the pixel electrode and the cathode
Can be suppressed as much as possible. Further, by alleviating the stress of the
electrolurninescent layer 537 at the end portion, it is possible to reduce defects called shrinkage.
irs which the light emitting region decreases, and it is possible to enhance reliability. Specifically,
it is desirable that the curvature radius of the curve drawn by the cross section of the organic
resin film in the opening portion is about 0.2 to 2 g m.

The light emitting element 540 is covered with a protective film 541 in order to prevent
substances that cause deterioration of the light emitting element 540 such as moisture and
oxygen from entering the light emitting element 540. Typically, for example, a DLC film, a carbon
nitride film, a silicon nitride film formed by an RF sputtering method, or the like is preferably
used as the protective film 541. It is also possible to laminate a film which is hard to permeate
the substance such as moisture or oxygen mentioned above and a film which is more easily
permeable to substances such as moisture and oxygen as compared with the film and can be
used as a protective film. Then, after forming the protective film 541, in order to further ensure
the sealing of the light emitting element, the light emitting element 540 may be covered with a
resin to which a desiccant is added. Note that a thin film integrated circuit to be transferred later
may be bonded with the resin to which the desiccant is added. In this embodiment, an example
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using an organic light emitting device (OLED) using electroluminescence has been described as a
light emitting element, but the present invention is not limited thereto. In the present invention,
as a light emitting element, in addition to an OLED, an LED (light emitting diode), a
semiconductor laser, or the like can be used. The light emitting element is desirably a light
emitting element having directivity. In the present embodiment, light from the light emitting
element 540 provided in the second layer thin {ilm integrated circuit 534 is incident on the light
receiving element 521 provided in the first thin film integrated circuit 533. Therefore, the
electric signal outputted from the thin film integrated circuit 534 of the second layer is converted
into an optical signal by the light emitting element 540, converted into an electric signal by the
light receiving element 521 again, and converted into an electric signal to the thin film integrated
circuit 533 of the first layer Is inputted. In the present embodiment, the terminal 545 electrically
connected to the second-layer thin {ilm integrated circuit 534 and the wiring 532 provided on
the element substrate 530 are connected to each other by the wire bonding method . Specifically,
as shown in FIG. 3 (B}, the wire 546 is used for connection. Through the wiring 532, power
supply voltage and various signals can be supplied to the thin film integrated circuit. Note that
the electrical connection to the thin film integrated circuit may be performed by a flip chip
method rather than a wire bonding method. Also, the supply of signals from the outside may also
be performed by optical transmission. In this embodiment, the wire 546 is connected to the thin
filmn integrated circuit 534 of the second layer, but the present invention is not limited thereto.

For example, even if a solder ball electrically connected to a semiconductor element is provided
on the element substrate side of the first-layer thin film integrated circuit 533 and the solder ball
is connected to the wiring on the element substrate by the flip chip method good. As described
above, by the optical transmission between the thin film integrated circuit using the light
emitting element and the light receiving element, it is possible to perform conpection such as
signal exchange between layers, supply such as supply voltage, etc., and a plurality of stacked
thin films One thin film integrated circuit is constructed from the chip (thin film integrated
circuit). In the present embodiment, an example in which two layers of thin film integrated
circuits are stacked and used as one thin film integrated circuit has been described, but the
number of stacked thin film integrated circuits is not limited thereto. Multiple thin film integrated
circuits of three or more layers may be stacked. It should be noted that the element substrate is
not limited to an interposer using glass epoxy or the like, but may be a substrate using another
material. Further, the transfer method of the thin flm integrated circuit of the present invention
is not limited to the above-described method using the metal oxide film. For example, an
amorphous silicon film may be provided between the first substrate and the thin film integrated
circuit, and the first substrate and the thin film integrated circuit are formed on the amorphous
silicon film by irradiation with laser light or etching It may be peeled off. Next, with reference to
FIG. 4 (A), the positional relationship between the light emitting element and the light receiving
element between the respective layers when stacking a plurality of thin film integrated circuits
will be described. FIG. 4A schematically shows a state in which a thin film integrated circuit is
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stacked on the element substrate 100. The thin film chip (thin film integrated circuit) 101 of
each layer includes one or a plurality of circuits 103. Further, in the thin film integrated circuit
101 of each layer, one or a plurality of regions in which the light emitting element and the light
receiving element for sending and receiving optical signals are laid out are provided. Note that in
FIG. 4 {A). a region in which a light emitting element or a light receiving element for performing
optical transmission is provided will be referred to as an optical transmission section 102. And
an interface 104 for performing processing such as modulation or demodulation on the electrical
signal in order to exchange electrical signals between the optical transmission unit 102 and the
other circuits 103. In the optical transmission section 102, a light receiving element for receiving
an optical signal and a light emitting element for transmitting an optical signal are formed. FIG. 4
(B} shows an enlarged view of the optical transmission section 102 of each layer. 105
corresponds to a light emitting element, and 106 corresponds to a light receiving element. The
light emitting element 105 and the light receiving element 106 provided in the thin film
integrated circuit of each layer respectively correspond to the light receiving element 106 and
the light emitting clement 105 provided in the thin film integrated circuit 101 of the other layer.

In FIG. 4A and FIG. 4B, the light emitting element 105 and the light receiving element 106 are
laid out in a bundle in the region to be the light transmission section 102, but the present
invention is not limited to this configuration. The light emitting element 105 and the light
receiving element 106 may be mixed in the circuit 103. A circuit element functioning as the
interface 104 may be mixed in the circuit 103 in accordance with the layout of the light emitting
element 105 and the light receiving element 106. In FIG. 4 (A}, an example is shown in which all
the connections between layers are performed by optical transmission, but the present invention
is not limited thereto. A variety of signals and power supply voltages may be transmitted and
received as a part of an electric signal, and may have a function for transmission and reception,
for example, a terminal or the like as an electric signal. FIG. 4 (C) shows an example of a more
specific configuration of the optical transmission unit 102 and the interface 104. At least one
light receiving element 106 corresponds to one light emitting element 105. In FIG. 4 (B), only the
light emitting element 105 and the light receiving element 106 are shown in the light
transmission section 102, but actually, as shown in FIG. 4 {C}, in order to control the light
emission of the light emitting element 105 by an electric signal A driving circuit 110 for the light
emitting element, an amplifier circuit 111 for amplifying the electric signal obtained from the
light receiving element, a waveform shaping circuit for shaping the waveform of the obtained
electric signal, and the like are provided. Note that the interface 104 may have these functions.
The electrical signal {output signal) output from the circuit is modulated into a signal conforming
to the specifications of the light emitting element driving circuit 110 by the interface 104, and
then input to the light emitting element driving circuit 110. Then, the light emitting element
driving circuit 110 controls the light emission of the light emitting element 105 according to the
input output signal. The light receiving element 106 receives the optical signal emitted from the
light emitting element 105 and converts the optical signal into an electric signal. The electric
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signal obtained in the light receiving element 106 is amplified in the amplifying circuit 111, its
waveform is shaped in the waveform shaping circuit 112, demodulated in accordance with the
specifications of each circuit in the interface 114, and input to the circuit in the subsequent stage
as an input signal . It should be noted that the amplifier circuit 19 and the waveform shaping
circuit 20 are not necessarily provided, and besides these circuits, a circuit for applying some
processing to the waveform of the electric signal may be provided. Note that in FIG. 4C, an
example in which the light-emitting element and the light-receiving element correspond one-to-
one is shown, but the present invention is not limited to this configuration.

Two or more light emitting elements may correspond to one light receiving elernent, or one light
emitting element may correspond to two or more light receiving elements. In FIG. 54, two light
emitting elements 130 and 131 formed in thin film integrated circuits of different layers
respectively correspond to one light receiving element 132 formed in a thin film integrated
circuit of another layer As shown in FIG. The light emitting element 130 is arranged so that light
emitted is transmitted through the layver 133 where the light emitting element 131 is formed and
is incident on the light receiving element 132. With the above configuration, while the light
signal is transmitted from the light emitting element 130 to the light receiving clement 132,
another operation can be performed in the thin film integrated circuit of the layer 133 where the
light emitting element 131 is formed, and conversely, the light emitting element 131 Another
operation can be performed in the thin film integrated circuit of the layer 134 where the light
emitting element 130 is formed while the optical signal is being sent from the light receiving
element 132 to the light receiving element 132. Conversely, in the case where two light receiving
elements formed in thin film integrated circuits of different layers respectively correspond to one
light emitting element formed in a thin film integrated circuit of another layer, It is possible to
transmit an optical signal simultancously to the thin film integrated cirvcuit. FIG. 5B shows a case
in which one of the electric signals obtained by a plurality of light receiving elements is selected
and a selection circuit for transmitting to the circuit of the subsequent stage is provided. In FIG. 5
(B}, optical signals emitted from two light emitting elements 135, 136 formed in thin film
integrated circuits of different layers are further divided into two light receiving elements formed
on a thin film integrated circuit of another layer 137, and 138 into electrical signals. Then, one of
the obtained two clectric signals is selected by the selection circuit 139 and transmitted to the
circuit of the subsequent stage. With the above conlfiguration, as in the case of FIG. 5A, the
oscillation frequency per light emitting element can be lowered, and the burden on the light
emitting element driving section that controls the driving of the light emitting element can be
reduced. In order to perform data transmission by optical signals in parallel between the thin film
integrated circuits, it is necessary to make the paths of the optical signals independent from ecach
other. However, depending on the degree of diffusion of light, so-called crosstalk, in which an
optical signal enters a corresponding light receiving element, may occur. The degree of light
diffusion depends on the dirvectivity of the light emitted from the light emitting element and the
refractive index of the medium in the path of the optical signal. Therefore, taking light diffusion
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into consideration so that crosstalk is suppressed as much as possible, the light receiving element
and the light emitting element are laid out according to the directivity of light of the light
emitting element to be used, and the thickness of the thin film integrated circuit, the thickness
between the thin {ilm integrated circuits It is desirable to appropriately set the distance and the
medium (adhesive or the like} between the thin film integrated circuits.

In order to prevent crosstalk, an optical waveguide such as an optical fiber having a cylindrical
shape or a cross section close to it or a thin film waveguide transmitting light along a planar
diclectric thin filss may be provided in the path of the optical signal. The substrate used in the
present invention is not limited to a glass substrate. Of course, it is also possible to use a
substrate other than the glass substrate, such as a plastic substrate, as long as it has
transparency and can withstand processing temperature in the formation of semiconductor
elements and other processes. In this embodiment, an example in which signals are transmitted
by optical transmission between different layers has been described. However, signals may be
transmitted using optical transmission in a thin film integrated circuit of a certain layer . Note
that a light emitting element in which the direction of emitted light is directed toward the
element substrate and a light emitting clement directed to the side opposite to the element
substrate are provided in a thin film integrated circuit formed in the same layer May also be
assumed. FIG. 6 shows an example of a cross-sectional view of a thin film integrated circuit in
which two kinds of light emitting elements having different light emitting directions are formed
in the same layer. The two light-emitting elements 201 and 202 shown in FIG. 6 have the same
structure of elements, and include pixel electrodes 203 and 204 formed of a transparent
conductive film, electroluminescent layers 205 and 206, a cathode 207, 208. A portion where
the pixel electrode 203, the electroluminescent layer 2035, and the cathode 207 overlap
corresponds to the light-emitting element 201, and a portion where the pixel electrode 204, the
electroluminescent layer 206, and the cathode 208 overlap corresponds to the light-emitting
element 202. Specifically, the electroluminescent layers 205 and 206 of the light-emitting
elements 201 and 202 shown in FIG. 6 are made of copper phthalocyanine (CuPc) having a film
thickness of 20 nm as a hole injection layer, 4 {Hereinafter referred to as ¢ -NPD), 4"-bis [N- (1-
naphthyl) -N-phenyl- , Alg 3 having a film thickness of 37.5 nm as an electron transporting layer,
and CaF 2 having a film thickness of 1 nm as an electron injecting layer arc laminated. The
cathodes 207 and 208 are formed of a film made of Al having a thickness enough to transmit
light. In FIG. 6, Al is evaporated by resistance heating to form a film, and the film is formed to
have a film thickness of 20 nm. Note that polythiophene (PEDOT) may be used instead of CuPc as
the hole injection layer.

The laminated structure of the light emitting element and its film thickness are not limited to the
values shown in this embodiment. In order to obtain light from the cathode side, there is a
metheod of using ITO in which the work function is reduced by adding Li, in addition to the
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method of reducing the film thickness. The light-emitting element used in FIG. 6 may be of any
configuration as long as light is emitted from both the anode side and the cathode side. In the
light-emitting element 201 shown in FIG. 6, a reflective film (or a shielding film) 210 is provided
50 as to be in contact with the cathode 207. With this reflection film 210, light emitted from the
light emitting element 201 is directed toward the element substrate side as indicated by outlined
arrows. Note that the reflective film 210 can be formed by depositing a metal film. When a
shielding film is used instead of a reflective film, a resin to which a black pigment is added can be
used. In any case, a means capable of controlling the direction of light such as a reflective film or
a shielding film is provided so that light emitted from the light emitting element 201 is directed
only to the clement substrate side. In the light emitting element 202 shown in FIG. 6, a metal film
211 for reflecting light emitted from the light emitting element 202 is provided on the element
substrate side with respect to the light emitting element 202. With the metal film 211, the light
emitted from the light emitting element 202 is directed to the side opposite to the element
substrate as indicated by outlined arrows. Note that the metal film 211 can be formed from the
same metal film as the gate electrode and the wiring of the TFT formed in the thin film integrated
circuit. Further, instead of reflecting light, a shielding film for simply shielding may be provided
instead of the metal film 21 1. The shielding film may be one obtained by adding a black pigment
to an insulating film used as an interlayer insulating film. In either case, a means capable of
controlling the direction of light such as a reflection film or a shielding film is provided so that
light emitted from the light emitting element 201 is directed only to the side opposite to the
element substrate. As described above, even in the same layer, it is possible to form light emitting
elernents with different light directions. Note that the method of manufacturing the light-emitting
element and the configuration of the light-emitting element having different light directions in
the same layer are not limited to the example shown in FIG. 6. However, when the shielding film
or the reflective film is provided at a position closer to the light emitting element, the directivity
of light can be further enhanced. In this embodiment, an example in which a thin film integrated
circuit is stacked has been described, but a flat panel display using a semiconductor element may
be stacked on a thin film integrated circuit. When transferring a flat panel display to a thin {ilm
integrated circuit, it is desirable to transfer before the display element is completed and to
complete the display element after transfer.

For example, in the case of a light-emitting device using an OLED, after a pixel electrode is
formed, it is transferred, and an electroluminescent layer, a cathode, and the like are formed after
transfer and sealed. In the case of a liquid crystal display, an alignment film is formed on a pixel
electrode, subjected to rubbing treatment, transferred, transferred, sealed with a counter
substrate having a counter electrode after transfer, and liquid crystal is injected. As described
above, according to the present invention, since the thin film chips of each layer can be
manufactured separately, there is no restriction on the process of the semiconductor element of
the upper layer in consideration of the heat resistance of the underlying semiconductor element,
Excellent semiconductor devices can be formed. Further, since the thin film chips of each layer
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can be laminated so as to be in close contact without sandwiching the glass substrate or the like
therebetween, it is not necessary to consider the diffusion of light by the glass substrate. Since
the distance between the light emitting element and the light receiving element can be further
reduced, even if the light directivity of the light emitting clement is inferior, it can be covered to
some extent. By using the thin film integrated circuit of the present invention for a
semiconductor device, it is possible to secure a wider space for use in an integrated circuit,
realizing a high function without impeding reduction in weight or size of a semiconductor device
be able to. Particularly in the case of a portable semiconductor device, convenience is
dramatically improved by weight saving and downsizing, so that it is very useful to use the thin
film integrated circuit of the present invention. By using optical interconnection, data can be
transferred between the thin film chips while reducing the influence of skew caused by wiring
resistance and unnecessary radio wave radiation. Further, in the process of converting an electric
signal to an optical signal and converting it from an optical signal to an electric signal again, it is
possible to freely control the amplitude of the finally obtained electric signal. EXAMPLES
Examples of the present invention will be described below. Embodiment 1 In this embodiment, an
example in which a microprocessor is formed using a CPU (Central Processing Unit} constructed
of a plurality of thin film chips will be described. A TFT formed on a glass substrate has a slower
operation speed than a single crystal transistor. Therefore, in the case of forminga CPUon a
glass substrate, if the processing contents become complicated, it is difficult to execute the
processing at a sufficient speed in a single CPU. Therefore, the series of processes of the CPU is
divided into several processes for each purpose, and the CPU formed by one thin film chip is
allocated to each process.

By connecting each thin film chip by optical interconnection, it is possible to perform a series of
processing as in the case of using a single CPU. The CPUs formed on the respective thin film
chips need only perform the assigned process, and the processing speed is improved as
compared with the case where all processes are performed by a single layer CPU. FIG. 7T is a
perspective view of the microprocessor of this embodiment. In the microprocessor shown in FIG.
7, a plurality of thin film chips 402 each including a CPU 401, a main memory 403, a clock
controller 404, a cache controller 405, a serial interface 406, an 1/ O port 407, and the like are
formed on a substrate 400 . Of course, the microprocessor shown in FIG. 7 is a simplified
example, and an actual microprocessor has various configurations depending on its use. Each
thin film chip 402 has an optical transmission unit 408, an interface 409, a CPU 401, and a
cache memory 410. The light transmission unit 408 may have both a light emitting element
having a function of outputting an electric signal as an optical signal and a light receiving
element having a function of converting an optical signal into an electric signal, May be provided.
Further, it may be laid out so as to coexist among other circuit elements without laying out all the
light emitting elements or light receiving elements in the light transmitting section 408. Then,
signals or power supply voltages are transmitted and received between the thin film chips 402 or
between the thin film chip 402 and various circuits formed on the substrate 400 by using optical
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transmission. It should be noted that transmission and reception of all signals and power supply
voltages need not be performed by optical transmission, and some of them may be directly
transmitted and received by electric signals. In that case, there is a terminal for transmitting and
receiving the electric signal as it is without converting it into an optical signal. The cache memory
410 is a small-capacity high-speed memory interposed between the CPU 401 and the main
memory 403. In order to operate the CPU faster, it is necessary to have a high speed memory
corresponding to it. However, when using a high-speed large-capacity memory having an access
time that matches the operation speed of the CPU, the cost generally increases. By accessing the
cache memory, the CPU can operate at high speed regardless of the speed of the main memory.
An example of the operation of each CPU 401 will be described below.

For example, at the initial stage of execution, for example, the program is downloaded from the
main memory 403 or another external memory to the cache memory 410 (SRAM) of each thin
film chip 402. Among the CPU 401, a master CPU may do this. Next, among the CPU 401, each
slave CPU executes programs stored in the cache memory 410 of the same thin film chip 402 in
order. The cache memory 410 of the same thin film chip 402 not only stores the program but
also functions as a work arca, and temporarily stores calculation results etc. of the CPU 401
When each CPU 401 requires output of another CPU 401 and exchanges of signals with other
than the cache memory 410, such as the main memory 403, this is performed via the light
transmission unit 408. The overall operation speed is improved according to the number of CPUs
401. In particular, when the signal between the CPU 401 and the signal exchanged ocutside the
board 400 is small, the effect of parallelization is high. Examples of the program include, for
example, an optimization problem (for example, automatic wiring, a circulation problem of a
salesperson) that searches for a minimum value in a phase space having a very large number of
local minima, an evaluation of a variation Simulation, etc), Monte Carlo method, simulated
annealing, etc. are applied. Basically, these programs are structured to independently execute the
same subprogram many times, and by making each subprogram be assigned to a different CPU
401, practically, each thin film It is possible to execute a program completed by the CPU 401 and
the cache memory 410 in the chip 402 and to perform ideal parallel calculation. If the
processing speed between the CPUs 401 is varied, inconvenience may occur when viewing the
entire process, so that the CPU serving as the master should balance the processing speed among
the slave CPUs It is also good. (Embodiment 2) The integrated circuit of the present invention can
be applied to various memories. By stacking the memories, it is possible to increase the memory
capacity while suppressing the mounting area. By using optical transmission for transmitting and
receiving data between the thin film chips, even if the memory is stacked, the number of pins
used for mounting can be suppressed. As a stacked memory, a RAM {volatile memory) typified by
SRAM (Static Random Access Memory), DRAM {Dynamic Random Access Memory) and the like, a
mask ROM, an Erasable Programmable Read Only Memory (EPROM), an EEPROM An electrically
erasable programmable ROM (ROM}, a flash memory, a ferroelectric memory, or the like can be
used.
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Also, a combination of these memories may be used. In stacking the memories, an R/ W {(Read /
Write) circuit, a precharge circuit, a refresh control circuit (refresh circuit) for selecting whether
to read or write, depending on the type or specification of the memory, Or the like may be
provided in the same thin film chip as the memory. Further, the power supply voltage to be
supplied may be appropriately set to an optimum value for each thin film chip. In the present
embodiment, a configuration of a memory formed by stacking is taken as an example of a DRAM.
FIG. 8 (A) shows the configuration of the first thin film chip. In the thin flm chip shown in FIG.
8A, a DRAM memory cell array 801, a selector circuit 602, a column decoder 603, a row decoder
604, an R / W circuit 605, and a light transmission unit 606 are formed. The memory cell array
601 is provided with a plurality of memory cells. Then, the memory cell is selected by the
selector circuit 602 whose operation is controlled according to the signal from the column
decoder 603 and the row decoder 604, and data is read and written. Signal transmission /
reception between the connection terminal and the thin film chip of the first layer can be
performed directly by an electric signal or via the light transmission section 606. FIG. 8B is an
enlarged view of the optical transmission unit 606. The light transmission unit 606 is provided
with a light emitting element 610 and a light receiving element 61 1. The various signals input
from the connection terminal or the electric signal output from the thin film chip of the first layer
are converted by the light emitting element 610 into an optical signal And is transmitted to the
other kth layer (k is a natural number of Z or more} thin film chips. An optical signal transmitted
from the other kth layer thin film chip is converted into an electric signal by the light receiving
element 611 and sent to the thin film chip or the connection terminal of the first layer. CE {chip
enable} (1) to CE {n) among the signals input to the optical transmission unit 606 correspond to
signals for selecting one or more of the first to nth thin filin chips . In addition, the electric
signals, RE {Read enable), WE (Write enable), Din input via the connection terminals are
converted to optical signals via the light emitting element 610 and are sent to the thin film chips
selected by the signal FE . Conversely, the optical signal sent from the thin {ilm chip selected by
the signal FE is converted into an electric signal in the first layer light receiving element 611, and
is output as a signal Dout via the connection terminal,

In this embodiment, RE and WE are signals for selecting reading or writing of databy the R/ W
circuit 605, Din corresponds to a signal including data written in the memory as information,
Dout corresponds to a signal including data read from the memory as information. FIG. 9 shows
the configuration of the kth layer thin film chip. In this embodiment, an example in which a
DRAM is formed in the kth layer thin film chip as in the first layer will be described. The kth layer
thin film chip shown in FIG. 9 includes a k th memory cell array 621, a selector circuit 622, a
column decoder 623, a row decoder 624, an R/ W circuit 625, an optical transmission unit 626
arc formed, respectively. Although not shown, only one of the light emitting clement and the light
receiving element, and in some cases, only one is formed in the light transmission section 626,
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and the signal between the light transmission section 626 and the thin film chip of the other
layer Is carried out. Although the example in which the DRAM is formed in the first layer and the
kth layer thin film chip has been described in the present embodiment, the present invention is
not limited thereto, and it is also possible to form another thin film memory It can be formed in a
chip, and the thin film chip can be laminated. In addition, the other circuits related to the driving
of the memory are not limited to the circuits shown in this embodiment. In this embodiment, the
electric signal input through the connection terminal is input to the thin film chip of the first
layer, but the present invention is not limited thereto. An electric signal may be input to the thin
film chip of the second layer or later through the connection terminal. (Embodiment 3) In this
embodiment, a configuration of a one-chip microcomputer constructed with a plurality of thin
film chips will be described. FIG. 10 shows a block diagram of the microprocessor of this
embodiment. The microprocessor of this embodiment is composed of two layers of thin film
chips. SI0 (Serial Input / Qutput) 631, MMU (Memory Management Unit) 632, a counter 633, a
DAC {Digital to Analog converter) 634, a bus controller (bus interface) 635, an optical
transmission unit 636 are provided. The second layer thin film chip 640 is provided with a CPU
641, a RAM 642, a ROM 643, and an optical transmission unit 644.

A light emitting element and a light receiving element are formed in the optical transmission
units 636 and 644, respectively, and various signals or power supply voltages are transmitted
and received by optical transmission. By constructing a thin film chip in which microcomputers
are stacked as in this embodiment, it is possible to dramatically reduce the mounting area of the
microcomputer. Embodiment 4 In this embeodiment, a method of electrical connection between
an interposer and a thin film chip will be described. FIG. 11A is a perspective view showing the
cross-sectional structure when the laminated thin film chip is connected to the interposer by the
wire bonding method. 301 is an interposer, and 302 is a laminated thin film chip. The thin film
chip 302 is bonded onto the interposer 301 with an adhesive 304. The interposer 301 shown in
FIG. 11Ais a ball grid array type in which a solder ball 305 is provided. The solder ball 305 is
provided on the side opposite to the side where the thin film chip 302 of the interposer 301 is
bonded. The wiring 306 provided in the interposer 301 is electrically connected to the solder
ball 305 via a contact hole provided in the interposer 301. In this embodiment, an example is
shown in which the wiring 306 for clectrically connecting the thin film chip 302 and the solder
ball 305 is provided on the surface to which the thin film chip 302 of the interposer 305 is
bonded However, the interposer used in the present invention is not imited thereto. For example,
the wiring may be provided in a multlayered manner inside the interposer. In FIG. 11 (A}, the
thin film chip 302 and the wiring 306 are electrically connected by a wire 307. FIG. 11 (B) shows
a cross-sectional view of the package shown in FIG. 11 {A). The thin film chip 302 is provided
with a semiconductor element 309, and a pad 308 is provided on the side of the thin film chip
302 opposite to the side on which the interposer 301 is provided. In this embodiment, the pad
308 is electrically connected to the uppermost layer of the laminated thin film chip 302. The pad
308 is connected to a wiring 306 provided in the interposer 301 by a wire 307. Reference

26-06-2018 22

Ex.1002 / Page 136 of 664



numeral 310 corresponds to a part of the printed wiring board and reference numeral 311
corresponds to wiring or electrode provided on the printed wiring board 310.

The wiring 306 is connected to the wiring or the electrode 311 provided on the printed wiring
board 310 via the solder ball 305. Note that various methods such as thermocompression
bonding, thermocompression bonding with vibration by ultrasonic wave, and the like can be used
for connection between the solder ball 305 and the wiring or the electrode 311. In addition, the
underfill may fill the gaps between the solder balls after crimping so as to increase the
mechanical strength of the connecting portions and the efficiency of diffusion of heat generated
in the package. Although the underfill is not necessarily required to be used, it is possible to
prevent connection failure from occurring due to a stress generated from a mismatch in thermal
expansion coefficient between the interposer and the thin film chip. In the case of applying
ultrasonic wave and crimping, poor connection can be suppressed as compared with simply
thermocompression bonding. This is particularly effective when the number of solder balls to be
connected is more than about 300. Next, FIG. 11 (C} shows a cross-sectional view when the thin
film chip is connected to the interposer by using the flip chip method. In FIG. 11 (C}, a solder ball
327 is provided on the thin film chip on the lowermost layer of the thin film chip 322. The solder
ball 327 is provided on the interposer 321 side of the thin film chip of the lowermost layer and is
electrically connected to the thin film chip of the lowermost layer. The solder ball 327 is
connected to the wiring 326 provided in the interposer 321. 11, an underfill 324 that also
functions as an adhesive is provided so as to fill the gap between the solder balls 327. Further,
the solder ball 325 of the interposer 321 is provided on the side opposite to the side where the
thin film chip 322 of the interposer 321 is bonded. The wiring 326 provided in the interposer
321 is electrically connected to the solder ball 325 via a contact hole provided in the interposer
325. Inn the case of the flip chip method, even if the number of pads to be connected increases, a
wider pitch between the pads can be secured as compared with the wire bonding method, so that
it is possible to obtain a thin film chip having a large number of terminals It is suitable for
connection. Although the thin film chip shown in FIGS. 114 to 11C is transferred to a ball grid
array type interposer, the present invention is not limited to this. An interposer in a lead frame
type in which terminals are arranged in the periphery may be used.

FIG. 11 (D) is a perspective view of a sectional structure in the case of using a lead frame
interposer. In FIG. 11 (D), the thin film chip 351 is connected to the connection terminal 352 on
the interposer 350 by the wire bonding method. The connection terminal 352 is disposed on the
surface to which the thin film chip 351 of the interposer 350 is bonded. Although the thin film
chip is exposed in this embodiment, the thin film chip may be sealed with a mold resin. In this
embodiment, an example in which the thin film chips are stacked on the interposer will be
described. However, the present invention is not limited to this structure, and the laminated
substrate may be a glass substrate, a quartz substrate, a silicon substrate, a plastic substrate, A
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known substrate used for forming a semiconductor integrated circuit can be used. In this case, a
connection terminal may be provided on the substrate for supply of an external signal or power
supply voltage, or may be supplied by optical transmission. (Example 5) Since the process of
transferring a thin film chip used in the present invention is performed using various
manufacturing apparatuses, an inline type production facility in which transfer of substrates
between apparatuses is automated is performed By using it, production efficiency can be
improved. FIG. 12 shows a manufacturing method shown in FIGS. 1 to 3 of the embodiment, in
which from the step of bonding the second substrate to the first substrate on which the
semiconductor element is formed, the third substrate is pasted It shows the configuration of an
inline type production facility that automates the conveyance between manufacturing
apparatuses until the matching step. In FIG. 12, reference numerals 701 and 714 correspond to
means (substrate transport means) for transporting the substrates, and the respective devices are
moved in the direction indicated by outlined arrows between the respective devices. Reference
numeral 707 corresponds to a substrate transfer station for temporarily stocking a substrate in
order to transfer a substrate between the substrate transfer means 701 and the substrate
transfer means 714. In the present embodiment, the transportation of the substrate between the
respective devices is covered by the two substrate transfer means 701 and 714, but the present
invention is not limited thereto. By increasing the number of substrate transfer means, the
efficiency of substrate transfer can be increased. Also, unlike the substrate transfer station 707, it
is not always necessary to provide equipment for temporarily stocking substrates for the delivery
of substrates. For example, the substrate transfer means for transferring the substrate to the
apparatus may be made different from the substrate transfer means to be carried out so as to
transfer the substrate.

A spinner 702 is a device for coating a water-soluble adhesive by a spin coat method so as to
cover the semiconductor element of the first substrate. An exposure apparatus 703 can cure the
adhesive applied by the spinner 702 by exposure to ultraviolet light. Reference numeral 704
denotes a scriber, which is an apparatus for cutting an end portion of the substrate so that the
semiconductor element is less likely to be peeled off with the metal oxide film as a boundary at
the time of peeling in a later process, A double-sided tape sticking apparatus 705 can stick a
double-sided tape supplied from the tape supply cassette 706 to the surface of the first substrate
coated with the adhesive. A substrate adhering apparatus 708 can attach the second substrate
supplied from the substrate supply cassette 709 to the first substrate using the double-sided tape
affixed in the previous step. A double-sided tape attaching device 710 can attach the double-
sided tape supplied from the tape feeding cassette 711 to a surface opposite to the surface of the
first substrate coated with the adhesive. A substrate attaching device 712 can attach the third
substrate supplied from the substrate supply cassette 713 to the first substrate using the double-
sided tape affixed in the previous step. In the present embodiment, the production equipment in
which only the processes described above are in-line has been described. However, the present
invention is not limited to this, and the devices used in other processes may be in-line.
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(Embodiment 6) The integrated circuit of the present invention can be used for various
seniconductor devices. Further, a display device can be bonded to the integrated circuit of the
present invention and used for a semiconductor device. Particularly, in the case of a
semiconductor device for portable use, convenience is dramatically improved by weight saving
and downsizing, so it is very useful to use the integrated circuit of the present invention. FIG. 13A
shows a sheet type mobile phone, which includes a main body 2101, a display portion 2103, a
voice input portion 2104, an audio ocutput portion 2105, a switch 21086, an external connection
port 2107, and the like. A separately prepared earphone 2108 can be connected via the external
connection port 2107, A touch panel type display device having a sensor is used for the display
portion 2103, and a series of operations can be performed by touching the touch panel type
operation keys 2109 displayed on the display portion 2103. The thin film integrated circuit of
the present invention can be used as various signal processing circuits provided in the main body
2101. When a display device is bonded to a thin film integrated circuit, the display device can be
used for the display portion 2103 is there.

FIG. 13B shows an electronic book, which includes a main body 2201, a display portion 2202,
operation keys 2203, and the like. Also, the modem may be incorporated in the main body 2201.
Further, the thin film integrated circuit of the present invention can be used as various signal
processing circuits. FIG. 13C shows a wristwatch, which includes a main body 2301, a display
portion 2302, fasteners 2303, and the like. The thin film integrated circuit of the present
invention can be used as various signal processing circuits provided in the main body 2301.
When a display device is bonded to a thin film integrated circuit, the display device can be used
for the display portion 2302 is there. FIG. 13D shows a sheet type personal computer, which
includes a main bedy 2401, a display portion 2402, a touch panel keyboard 2403, a pointing
mouse 2404, an external connection port 2405, a power plug 2406, and the like. A touch panel
type display device having a sensor is used for the touch panel type keyboard 2403 and the
pointing mouse 2404, and a series of operations can be performed by touching the touch panel
type keyboard 2403 and the pointing mouse 2404. The thin film integrated circuit of the present
invention can be used as various signal processing circuits, and when a display device is bonded
to a thin film integrated circuit, the display device can be used for the display portion 2402, the
touch panel type keyboard 2403, and the like . FIG. 13D shows an electronic card, which includes
a main body 2601, a display portion 2602, a connection terminal 2603, and the like. The thin
film integrated circuit of the present invention can be used as various signal processing circuits
provided in the main body 2601. When a display device is bonded to a thin film integrated
circuit, the display device can be used for the display portion 2602 is there. As described above,
the application range of the present invention is extremely wide and it can be used for
semiconductor devices in various fields. Further, in the semiconductor device of this
embodiment, any of the integrated circuits shown in Embodiments 1 to 5 may be used.
Embodiment 7 In this embodiment, an embodiment in which a display device using an OLED as a
display element is full-colored by bonding will be described. FIG. 14A is a cross-sectional view of
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a pixel included in the display device of this example. Reference numeral 801 corresponds to an

OLED included in the thin film chip of the first layer. In this embodiment, the light emission color
is red (R). In addition, 802 corresponds to the OLED included in the second thin film chip, and in

this embodiment, the light emission color is blue (B).

Reference numeral 803 denotes an OLED included in the thin film chip of the third layer. In this
embodiment, the light emission color is green (G). OLEDs 801 to 803 are provided in each pixel,
and the OLEDs 801 to 803 provided in one pixel are arranged so that the light-emitting regions
are overlapped with cach other so that the light emission thereof appears to overlap when
viewed from the viewer . The luminescent color of the OLED included in the thin film chip of each
layer is not Hmited to the form shown in this embodiment. The cathode of the OLED 803 of the
uppermost thin film chip is made of a material that reflects light so that the light emission of all
the OLEDs 801 to 803 is directed toward the thin film chip side of the lower layer, the OLEDs
801 and 802 are formed of light Are emitted from both sides. With the above structure, the
display device using the OLED as a display element can be made full color. Next, a cross-sectional
view of a pixel included in the display device according to this embodiment, which is different
from that in FIG. 144 is shown. In FIG. 14B, reference numeral 811 corresponds to the OLED
included in the thin film chip of the first layer. In this embodiment, the light emission color is red
(R). In addition, 812 corresponds to the OLED included in the second thin film chip, and in this
embodiment, the light emission color is blue (B). 813 corresponds to the OLED included in the
thin film chip of the third layer, and in this embodiment, the emission color is green (G). OLEDs
811 to 813 are provided in each pixel, and the OLEDs 811 to 813 provided in one pixel are
arranged so that the light emitting regions do not overlap with each other, or only partially
overlap. The luminescent color of the OLED included in the thin film chip of each layer is not
limited to the form shown in this embodiment. The cathodes of the OLEDs 811 to 813 of the thin
film chips of each layer are formed of a material that reflects light so that the light emission of all
the OLEDs 811 to 813 is directed toward the thin film chip side of the lower layer side. With the
above structure, the display device using the OLED as a display element can be made full color. In
the display device having the structure shown in this embodiment, since each thin film chip is
separately and independently fabricated, it is easy to optimize the manufacturing method for
each thin film chip. Therefore, according to the characteristics of the electroluminescent material
to be used, it is possible to optimize the configuration of the elements of each color OLED and to
appropriately change the manufacturing method accordingly. As described above, according to
the present invention, it is possible to separately prepare the thin film chips of each layer, so that
there is a restriction on the process of the semiconductor element of the upper layer in
consideration of the heat resistance of the underlying semiconductor element So that a
semiconductor element having more excellent characteristics can be formed.

Further, since the thin film chips of each layer can be laminated so as to be in close contact
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without sandwiching the glass substrate or the like therebetween, it is not necessary to consider
the diffusion of light by the glass substrate. Since the distance between the light emitting element
and the light receiving element can be further reduced, even if the light directivity of the light
emitting element is inferior, it can be covered to some extent. By using the thin film integrated
circuit of the present invention in a semiconductor device, it is possible to secure a wider space
for use in an integrated circuit, realizing a high function without impeding reduction in weight or
size of a semiconductor device be able to. Particularly in the case of a portable semiconductor
device, convenience is dramatically improved by weight saving and downsizing, so that it is very
useful to use the thin film integrated circuit of the present invention. By using optical
interconnection, data can be transferred between the thin film chips while reducing the influence
of skew caused by wiring resistance and unnecessary radio wave radiation. Further, in the
process of converting an electric signal to an optical signal and converting it from an optical
signal to an electric signal again. it is possible to freely control the amplitude of the finally
obtained electric signal. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a view showing a
method of manufacturing a thin film integrated circuit of the present invention. FIG. 2 is a view
showing a method of manufacturing a thin film integrated circuit of the present invention. FIG. 3
is a view showing a method for manufacturing a thin film integrated circuit of the present
invention. FIG. 4 is a diagram showing a configuration of a thin film integrated circuit of the
present invention. FIG. 5 is a diagram showing a configuration of a thin film integrated circuit of
the present invention. FIG. 6 is a diagram showing a configuration of a light emitting element
used in the thin film integrated circuit of the present invention. FIG. 7 is a diagram showing a
configuration of a microprocessor which is an example of a thin film integrated circuit of the
present invention. FIG. 8 is a diagram showing a configuration of a DRAM which is an example of
a thin film integrated circuit of the present invention. FIG. 9 is a diagram showing a configuration
of a DRAM which is an example of a thin film integrated circuit of the present invention. FIG. 10
is a diagram showing a configuration of a one-chip microcomputer which is an example of a thin
film integrated circuit of the present invention. FIG. 11 is a perspective view and a cross-sectional
view showing a state in which the thin film integrated circuit of the present invention is
connected to an interposer. FIG. 12 is a view showing an example of a production facility used in
the manufacturing process of the thin film integrated circuit of the present invention. FIG. 13 is a
diagram showing a configuration of a semiconductor device manufactured using the thin film
integrated circuit of the present invention. FIG. 14 is a cross-sectional view of a pixel of a display
device which is one of the semiconductor devices of the present invention.
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CLAIMS JP2004247405

1.

A semiconductor device having stacked semiconductor elements, wherein a film formed of resin
exists between the stacked semiconductor elements, and signal transmission and reception
between the stacked semiconductor elements is performed by supplying electricity Emitting
element or a light-receiving element which are connected to each other.

2.

A semniconductor device having stacked semiconductor elements, wherein a film formed of a
resin and a partially provided metal oxide exist between the stacked semiconductor elements,
and the stacked semiconductor Wherein the transmission and reception of signals between the
elements is performed by using a light emitting element or a light receiving element electrically
connected to each semiconductor clement.

A semiconductor device having stacked semiconductor elements, wherein a film formed of resin
exists between the stacked semiconductor elements, and a light emitting element electrically
connected to one of the stacked semiconductor elements , Converting the first electrical signal
into an optical signal and converting the optical signal into a second electrical signal in a light
receiving element electrically connected to a different one of the stacked semiconductor elements
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A semiconductor device having stacked semiconductor elements, wherein a film formed of a
resin and a partially provided metal oxide exist between the stacked semiconductor elements,
and the stacked semiconductor A light-emitting element electrically connected to one of the
elements, the light-receiving element electrically converting a first electric signal into an optical
signal and electrically connected to a different one of the stacked semiconductor elements,
wherein the light And converting the signal into a second electric signal.

3.

A semiconductor device having a semiconductor element stacked by transferring semiconductor
elernents formed on different substrates, wherein a film formed of resin exists between the
stacked semiconductor elements, and the stacked In a light emitting element electrically
connected to one of semiconductor elements, a light receiving element electrically converting a
first electric signal into an optical signal and electrically connected to a different one of the
stacked semiconductor clements, And converting the optical signal into a second electric signal.

6.

A semiconductor device having semiconductor elements stacked by transferring semiconductor
elements formed on different substrates, wherein a film formed of resin and a film formed partly
are provided between the stacked semiconductor elements A light emitting element electrically
connected to one of the stacked semiconductor elements, wherein the first electric signal is
converted into an optical signal, and a different one of the stacked semiconductor elements And
converting the optical signal into a second electric signal in a light receiving element electrically
connected to the light receiving element.

7.

A semiconductor device formed by peeling off a plurality of semiconductor elements respectively
formed on a plurality of substrates and laminating them on an element substrate, the
semiconductor device comprising: a plurality of semiconductor elements formed of resin between
the stacked semiconductor elements A light emitting element having a film and being electrically
connected to one of the plurality of semiconductor elements, the first electric signal is converted
into an optical signal and electrically connected to a different one of the plurality of
semiconductor elements And converting said optical signal into a second electric signal in said
light receiving element.

8.

A semiconductor device formed by separating a plurality of semiconductor elements respectively
formed on a plurality of substrates and laminating them on an element substrate, wherein the
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semiconductor device is formed of a resin between the stacked semiconductor elements Wherein
the first electric signal is converted into an optical signal in a light emitting element in which a
tilm formed on a substrate and a partially provided metal oxide are present and which is
electrically connected to one of the plurality of semiconductor elements, And a light receiving
element electrically connected to a different one of the plurality of semiconductor elements
converts the optical signal into a second electric signal.

9.

A semiconductor device in which a plurality of thin film integrated circuits are stacked, wherein
the laminated thin film integrated circuits are bonded with a resin, and a light emitting element
electrically connected to one of the laminated thin film integrated circuits , Converting the first
electrical signal into an optical signal and converting the optical signal to a second electrical
signal in a light receiving element electrically connected to a different one of the stacked thin
film integrated circuits .

10.

A semiconductor device in which a plurality of thin film integrated circuits are stacked, wherein
the laminated thin film integrated circuits are bonded with a resin, and are partially provided on
one surface of each of the stacked thin film integrated circuits A light emitting element
electrically connected to one of the laminated thin film integrated circuits in which a metal oxide
exists, converting a first electric signal into an optical signal, and converting the different thin
film integrated circuits And converting the optical signal into a second electric signal in a light
receiving element electrically connected to the semiconductor element.
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Abstract of JPHITIZ6188 (A}

PROBLEM TO BE SOLVED: To accelerats the inter-memaory direct transfer through a
standard MP Hbrary, SOLUTION: A fransmission side PUT/IGET Hbrary generales a
fransfer control information 200 In response 10 a data fransmission request commangd
issued from a user process to the MPI library, While using a transmission data address
and a transmission flag address in that information, a transmission side network
interface ciroult reads additional information 714 respectively corresponding o user
data 713 and user data o be used by the MP! ibrary out of a local mamory and sends
it to a network 105 as one massage 705, and a ransmission end flag 715 Is written
while using the transmmission flag address. A reception side network interface circult
respectively writes the user dala and the additional information in local memory areas
721 and 722 designated by a reception data address and a reception flag address ina
massage and writes a reception completion flag 723 in an area 723,
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BACKGROUND OF THE INVENTION

This invention relates 1o a data transfer method belween plural slement processors
connacied through an inferconnecting network and a computer sysiem suilable
thersfor,

A conwventional paraliel computer systemn offen has structure that plural element
processors each of which includes a local memory and an instruction processor ars
connecied by an interconnacting network. in general, the paraliel computer system of
ihis typs is called as a parallel computer sysiem of a distributed memory type. Each
glement processor exchangss dala stored In #is local memaory with other alement
processers by way of the interconnecting network and executes processing in parailel
with sach other,

it the parallel computer system of the disiribuisd memaory type, data transfer is
generally achieved by using the programming moded called message passing. in the
message passing model, a sending {SEND) procedure and a receiving (RECEIVE}
procedure are describad explicitly in the paraliel program {which is called as a user
process hereinafter) execuled in sach slement processor. The slement processor of
the sending side transfers a message which contains send daia designated by a send
procedure (SEND) when the procedure has been exscutad. The slement procassor of
the recsiving side receives the message when a receive procadurs has besn axeculsd.
The instruction processor in sach slemsent processor analyzaes these communication
procedures included in the user process under sxecution, and advances the processing
by transferring data lo the interconnecting network or receiving daia thersfrom. The
slement processor of the sending side dasignates the number of the destination

hitps:/iworldwide.espacenel.convpublicationDetails/description? CO=JPANR=H11128198AK C=A&FT=D&ND=3&date= 18980511 8B=8&locale=en_EP 1/28
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glement processor and transfers the message. Some specific data transfer methods
are proposed by which each slement processor actually processes the dala send
request and the data receive request from such a user process. From a practicabls
viewpoint, it is preferable that the exira procsssing {(send overhead) sxecuted from
issuing of the send request by the ussr process of the sending side till the start of
fransferring of the user dala and the exira processing {receive overhead) execulsd
from issuing of the receive requast by the user process of the receiving side Bl handing
aver of the dala o the user process are small

Recently the following data transfer method is used in many plural parailel computer
systems, in order to reduce the send overhead and the recsive overhead. The
sendfreceive clrcult of the element processor of the sending side dirsctly read user data
o he sent from a region for a user process provided in the local memory, and transfers
the user data and generates a message which contains the user data. Tha
sandfreceive circull in the slement processor of the recelving side directly writes the
user data within the message info a region provided for a user process of the receiving
side within the local memory. There are soms spacific methods for achisving such data
fransfer, but, in the present specification, those data transfer methods are generically
cafied as a direct inter-meamaory data transfer method.

Speacific examples of the communication method for axscuting the meathod are the PUT
communication method for transferring send data to another elemsnt processor and
GET communication method for receiving dala from another element processor, For
instance, refer to "Frocsadings of Information Processing Soclety of Japan Paralisd
Processing Symposium JSPP 858" and PP 233-240 (May, 1885) or refer to 8 manusl
"HI-UXAMPP Remote DMA User's Guide -G-" published by the present assignee for a
paralisl computer system SR2201 developed thereby. The PUT communication method
is callad as a direct remole memory access methad in this manusl,

To be specific, in the PUT communication method, the instruction procassor in the
element processor of the sending side notifiss the sendfreceive circuil of an address
{send dala address) of the local mamory of the sending side to read the send data, an
address {receive data addrass) of the local memory of the receiving side to write the
send data, and some other addresses. The sendfrecsive circuil of the sending side
reads the user data from the local memory based on the send data address, generales
a message which condains the user data, the receive dala address, and other
addresses, and transfers the messags. The sendireceive circult of the receiving side
writss the user data within the message inte the local memaory in the slement pracessor
of the recelving side according to the receive data address in the message. Thus, inthe
PUT communication method, the ssndireceive cirouit of the sending side directly
accesses the lotal mamory of the sending side according o the send data address and
ihe sendireceive oircult of the receiving side dirsctly accesses the lucal memory of the
raceiving side according o the receive dala address. Other communication methods
which differ from such a PUT communication method but executs similar processing
will be called below as a PUT communication mathod or a remote mamaory dirsctly
access method. The PUT communication mathod will be discussed below as a
reprasantative method of the direct inter-memory data transfer method, whan the lalter
meathod is {0 be discussed.

in direct inter-memory data transfer method, the sendireceive circuit which gensrates
or receives a message may dirsctly read the send data from a region Tor a user
process in the focal memory of each slement processor or writes the received data info
a region for & user process in the local memaory, Sg, in the slement processor of the
sending side, the send dala does nol need {0 be copled from a region for a user

hitps:/iworldwide.espacenel.convpublicationDetails/description? CO=JPANR=H11128198AK C=A&FT=D&ND=3&date= 18980511 &DB=8&locale=en_EP 2/28
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process onto a buffer area {controlied by the Operating System), and in the slement
processor of the recelving side, the received data nesd not be copled from a buffer
area {controlied by the Operating System) onto a region for a ussr process, aithar.
Thareforg, in this communication method, the send overhead and the recaive overhead
which derive from the copy can be reduced,

Tha communication Hbrary which exacutes the dirscl inter-memaory data transfer
mathod of such as the PUT communication or the GET communication and soonis
developed by sach parsliel compuler system maker or & research organization as a
ibrary specific 1o them. 8o, # is difficult to port the parallel programs programmed so as
o use the library lo other machings. On the other hand, a library {messags passing
library} with a standard interface specification {0 use the messags passing model
behwaen user programs has come in use. | is possible 1o run such a parallel program
programmed so as {o use the library on different computsrs equipped with the library
without change. The reprasentative of that interface specification is MPI (Messags
Fassing interface). Universities in the United Sitates of America and paralisl computer
system makers has organized the Message Passing Interface Forum {(MPI Forum), and
MPI is specification decided by the forum as a result of the research. it is sxpecied that
the library produced based on the specification will bacome a main current of the
paralist program development support braries in the future. Hersinafter, the library will
be called as the MP library,

in order to execule 3 dals send request or a dala receive request issuad from a3 user
process to the MPI ibrary at high speed, it is effeclive o exsculs those request by
using the dirsct inter-mamory data transfer method like the PUT communication
method and 80 on. Thus, parallel computer system makers and so on have developed
MP] libraries o exscute the send request or the receive request from the user process,
by using the direct infer-memuory data transter library such as the PUT communication
library. For instance, such a MPI library is used in the paralisl computer system
SR2201 developed by the assignee of the present application. The MP! library of this
kind responds to the data send regquest or the datla receive request from the user
program, issues a suitable command to the PUT communicalion fibrary, and requesis
axscution of the transfer or receive operation reguestad by the user process. The PUT
communication library orders fransfer of a message o the nebvork interface cirouit
which includes a message sendirecsive circuit. The communication method which
processes the data send requaest or the data recsive reguest issued from the usar
process to a MP ibrary by using a direct inter-memory data transfer ibrary such as a
PUT communication library may be called below a3 a communication method of using
these two libraries or using the two libraries fogether or using combination of these fwo
ibraries. The MPI specification doss not defines the specification conceming the
interface between the MPI library and the direct infer-memaory dala transfer Hibrary such
as the PUT communication library, Tharefore, the MP library 1o use the diredd inter
mamory data transfer ibrary such as the PUT communication library togsether is
differant depending upon sach computer maker, Howsver, the interface betwesn a user
program and a MPI lilrary is the same with any MP! library produced by any computsr
makar. Tharefors, the user program can run on a compuler by any makeras faras itis
installed with a MP library, and a data send request from the user program will be
processad at a high-speed by the dala transfer by dirsct inter-memory data transfer
library such as the PUT communication lbrary.

When the user program dirsctly uses the PUT communication library without using the
M library logsther, the user program should designate information necessary for an
operation of the data sendireceive clroult, such as an address of a2 memory where the
user data to be ransferred exisls and the length of the user dala as argumenis of a call
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sentence o the PUT communication library, When the user program uses the MPI
ibrary for data transfer, the user program should designate the additional information,
in addition to the two argumsnis designated for the PUT communication library, as
argumsents of a call sentencs to the MP library. The additional information includes
information necessary for processing dala ssndireceive prolocal defined by the MPI
specification. The additional information includss plural pieces of information of plural
kinds predetermined by the MPI brary. Specifically, the additional information is dala of
fixad length and contains the identifier of the destination process and the process group
identifier and so on. The additional information s used in the destination slement
processor of the message {o identify whether the message is one requesied by &
receive request issued by a user process under execution. The additional information
may be called below as the MPI additional information.

in the conventional parallsl computer systam which uses a dirsct infer-memory data
transfer library such as a PUT communication library together with & MPI library, the
user data and the MPI additional information designated by a send request issusd by a
user process were transferred by two different messages. That is, in the slement
processor of the sending side, the MPI ibrary notifies the PUT communication library of
information necassary for transfer of the user dats and requests the PUT
communication library to generate transfer control information which contains plural
piaces of information, based on those notifiad information. The put communication
library generates the transfer control information, writes i into the local memory, and
requests the network inlerface circull to sxecute data transfer according to the transfer
control information. The network interface circult read the transfer control information
from the local meamory, read the send data from the loosl memory according o the
send dala address in the transfer control information, and generales and transfers a
message which containg the data. In addition, the network interface clrcull writes the
send completion fiag into the local memory according 10 the send dals flag address in
the transfer controd information. The MP library, the PUT communication Hbrary and the
natwork interface ciroult execuls the above-mentionsd procsessing o the MPI additional
information also. in the slemeant processor of the receiving side, the network interface
circuit, the PUT communication library, and the MP library processes a receive reguest
issuad by the user process of the receiving side basad on the two transferred
Messages.

When the user data and the MPI additional information are transferred {o the sams
destination processor in a form of two messages like the prior art, different pleces of
fransfer control information are nesded for transfer of sach message. As aresull, it is
necassary to generate the transfer control information twice, Therefore, the delay time
{calied transfer latency) from requesting by a user program, tfransfer of data il start of
ihe transfer is largs in the conventional dala transfer using a MP library.

i addition, the send processing and the receive processing are executed 1o sach of
these two messages in the processor slement of the sending side and in the processor
glarmnent of the receiving side, respectively. So, the access frequency o the local
memory in these procassor slements increases in proportion o the number of the
messages. For instance, the slement processor of the sending side needs 1o execute
the operations such as reading of the transfer control information, reading of data to be
fransferred, and writing of a send completion flag for sach message.

SUMMARY OF THE INVENTION

The objact of the present invention is o provide a data transfer method which can
decreass the above-mentioned problems and transfer data at a higher speed, and a
computer sysiem sultable thersfor,
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A more concrete objet of the present invention is 1o provide 3 dala transfer method
whilch can transfer both user data and additional information which a user procass of
the sending side designate, and a computer system suilable therafor,

To achisve those obiects, in a computer system according to the present invention, 8
network interface circult in sach slemsnt processor is provided with 3 memaory read
gircuit connecised 1o the memaory in the alement processor and connectad o the
memaory read cireull which generates & messags which should be fransferred {o the
inferconnecting network, The memory read circult reads the first data and the second
data both {o be transferred from the memaory, based on the first and second places of
address information designated by the procsssor in the slement processor. The
massage assembly ciroult generates & messages which comprises a header and send
data which includes both the first data and the second data. Thersfore, sach slement
processor can ransfer plural data at a higher speed than the conventional apparatus.

A dats ransfer method according o the present invention is achieved by using a
network circuit which has the function to generats 8 message which contains plural
dats as send data, just ke the nebwork circuit mentioned above,

That is, first and sscond pisces of address information and other information are
gensraled by cooperate belwesn a message passing library and a direct inter-memory
data transfer library provided in an element processor of a sending side, In responss o
a data send request issusd by a user procsss of 8 sending side running in said slement
processor of a sending side;

whergin the data send request designates user dala and addiional information to be
fransferred, and data length information for the user dalg;

whersin the first and second plsces of address information designate two storage
regions within the memory of the element processor of a sending side whers said user
data and said additional information are stored;

wherein the additional information comprises a plurality of pisces of information each of
which is of one of a plurality of kinds pradetermined by the message passing library of
a sanding side and ralates to ransferring of the user dala to 8 user process of a
receiving side running in the element processor of a receiving side;

wherein the other information comprises a plurality of pisces of information each of
which is of one of a pluralily of kinds predetermined by the direct inter-memory dala
iransfer library and relates to transferring of the user data and the additional information
i the slement processar of a receiving side.

The network interface ciroult reads the user data and the addiiona! Information from
the memory of the slement processor of a sending side, based on the first and second
places of address information.

The network interface circuit further assembles a message send data of which includes
the user data and the additional information, and a header of which includss the other
information and the data length information.

The network interface circult ransfers the messags o the slement procassor of a
receiving side by way of the inlerconnecting network,
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in & more specific embodiment of the present invention, the user process not only can
use the above mentioned data transfer which uses hoth the message passing library
and the message passing library, but also can issue a dala send request dirsctly 1o the
direct inter-mamory dala transfer library. In the latler case, the dirsct inter-memory data
iransfer library and the network interface circull execute procassing basically the same
o the above-mentioned processing except that the additional information does not
axist,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block disgram of 2 parallel computer system according {0 the present
invention,

Fi3, 2 shows an example of transfer control information used in the apparatus shown
in FIG. 1.

FIG. 3 shows a block diagram of an slement processor used in the apparatus shown in
FiG. 1.

FIG. 4 shows a block diagram of the storage controfier and the network interface circuit
usad in the slement processor shown in FIG. 3

FiGz, 5 shows a block diagram of the message generating oircuit used in the netwaork
interface circuit shown in FIG. 4.

FIG. 6 shows a block diagram of the message disassembly circull used in the network
irnterface ciroult shown in FIG. 4,

FIG. 7 shows the outline of data transfer processing execuled in the apparatus shown
in FIG. 1.

FIG. 8 shows the outline of the prior art data ransfer processing.
DESCRIPTION OF THE EMBODIMENTS

A computer system according 1o the present invention will be explained in more detail
with reference {0 one or several embodiments or their modifications shown in the
drawings,

FIG. 1 shows schematic structure of a paralis! computer system according to the
present invention. in the drawing, the reference numerals 101-104 show element
processors, which compose the pargliel computer system, and 105 shows an
interconnecting network, The slement processor 101104 are connscied to the
interconnecting network 108 and exchange dala with other element processors through
the interconnecting network 108, There are various kinds of structure {opology) for the
inferconnecting network such as crosshar inferconnection, lattics interconnection, ring
inferconnection, and mullistags interconnection and so on. The presant invention is not
imited {0 an interconnscling network of a spacific 8 but can be applied {0 an
irterconnecting nebwork of any of thess kinds of 8,

FIG. 3 shows schematico structure of the slement processor 101, ., or 104, inthe
figurs, 301 shows an instruction procassor, 302 shows a cache memory, 303 shows g
storage contrafler, 304 shows a local memory, 305 shows a network interface circudt,
308 shows an VO interface circult and 108 shows an O device, The VO devics 106 is
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not shown in FIG. 1 for simplification. The ¥O devics 108 does not nead {o be installed
in all of the slement processors 101 to 104, The paraliel computer system is ong of 3
distributed local mamory typs where sach element processor has a local memory 304
of its own.

Each element processor is composad s0 a8 1o execuls communication with other
glement processors by message passing. That is, sach slement processor inciudes a
massags passing library which has a slandard messags passing inlsriace, MP {or
instance, {which may be called as a MP! library hersinafier), a library which
communicates with the MPI library and executes PUT/IGET communication {which may
be called as a PUT/GET Hibrary hersafien) and the network interface circuit 308 invoked
by the PUT/GET Hibrary. The PUT/GET Hbrary s inslalled as a library for sxecuting
diract inter-memory data transfer which directly transfers data with the local memaory in
the slement processor whera the library is installed. The present invention is nol limited
o this spacific message passing library but other message passing libraries can be
applied such as PVYM (Paralist Virtually Maching) proposed by Oak Ridge National
Laboratory, Inc. and PARMACS proposed by PALLAS company. Morsover, the PUT
communication library that exscutes only the PUT communication can be used in place
of the PUT/GET communication library. | is nesdless to say that other library can be
used as g library for executing direct infer-memory data transfer, in place of the
PUTIGET communication Bbrary or the PUT communication library.

in the present smbodiment, whan 3 ussr process in each slement procsssor issuss a
data send reguast to the MPI Bbrary, the MPI library and the PUT communication library
decide by cooperation in response 1o the data send requesi, plural pieces of address
information and other information. The pleces of address Information are used {o read
the user data and the MP addiional information, and the other information is
information o be fransferred {0 the slement processor of the receiving side together
with the user data and the MP additional information. The network interface circuit 308
read the user data and the MPI additional information based on these places of
address information from the local memory and transfers these data and the othar
information in one message. in addition, when a message which contains user daia
and MP! additional information is received from another slement processor, the natwork
interface cirouit 305 writes thess two dala in the local memory 304 separately. The
additional information is used for communication through the MP! library. It comprises
plural pigces of information which relate to transferring of data and are of the kinds
designated by the MPI ibrary. Each of the plural pleces informalion is designated by
the user process. Specifically, the additional information contains the identifier of the
user process of the recelving side and the process group identifisr and so on, as
iHustratsd already.

Mors specifically, when a dails send request command is issued from 2 user process of
the user being exscuisd in an slemeant procsssor (o the MP library, the MPI Hbrary
requests the PUT/GET communicalion library to stors the MPI additional information.
The PUT/GET communication library stores the information designated by the
command into a communication region within the local memory predetermined as one
diractly accessible by the network interface circuit 308, The MP! library requests the
PUTIGET communication Hbrary 1o generate transfer control information. The
PUTIGET communication library generates transfer control information for transfer of
both the user dala and the additional information in ons meassage, and writes it into the
local meamory 304, The transfer control information contains two pieces of addrass
information about bwo storage locations of the destination local memory at which the
user data and the additional information are to be writlen, and other address
information. Thersafter, the PUT/GET library request the nebwork interface circuit 305
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o transfer the user data and the additional information, based on the transfer control
information. Then, the MP library requests the PUT/GET communication library {0 start
the transfer based upon the transfer control information. The PUT/GET communication
ibrary reguests the network interface circuit 305 {0 execuls the requesied transfer. if
the user data is localed at 3 location within the loca! memory 304 which the network
interface circuit 308 cannot access direclly, the PUT/GET communication library coples
the user data inlo a location within the communication arsa within the local meamuory.

The network interface circult 305 responds o this command from the PUTIGET
communication library, and assemblas, according to the transfer control information,
one message which containg the user data and the MP additional information, and
iransfers the message {0 the slement processor of the receiving side through the
interconneacting network 108, The header of the message confains two pisces of
address information and other information. The two piaces of address information
designate the two localions in the deslination local memory whare the user dals and
the additional information in the message ars {0 be wrilten, respectivaly, When the
network interface cireuit 305 in the element processor of the receiving side receives the
message, it writes the user dala and the additional information into two regions of the
focal memory, based upon the two pisces of address information included in the header
of the messags, and delivers them over to the user process and the MM library of the
receiving side, respaciively.

Fit3. 2 shows an example of the transfer control information. The transfer control
information 200 contains plural pigces of information used at the PUT or GET
operation, and the kinds of these pleces of information ars predelermined by the
PUT/GET comvnunication library. To be more apecifically, in the present embodiment,
the transfer controd information 200 includes the number of the destination processor
201, the mode bit202, the send data address 203, the send fiag address 204, the
fransfer data length 208, the receive data address 208, the recsive flag address 207,
other information 208 necessary for communication processing, and 8o on. Ths send
data addrass 203 is the start address of the local memory region whers the user data
10 be transferred at the PUT operation is slored. The transfer daia length 208 is the
langth of data {user data) fransferred at PUT or GET operation. The receive dala
address 208 is the slart address of the lncal memory region into which the user data in
the received messags is writlen, within the element processor of the recelving side.

The mode bit 202 is a bit which shows whether use of the send flag address fleld 204 ig
expanded according o the embodiment. That is, the mode bit 202 is sel to ons in the
fransfer control information generated when the user program uses the PUT/GET
communication library via the MP! library, On the other hand, the mods bit 202 is resst
io {0 in the transfer control information generated whan the user program dirgctly uses
the PUT/GET communication brary. When the mode bit 202 is not set, the send flag
address 204 designates the iocation of the local memory of the element processor of
the sending side whers the send complation flag is o be writlen al completion of the
ransfer of the user data at the message sending operation in the slement processor of
the sending side of the message. Similarly, the recsive flag address 207 is the address
of the location of the local memory of the slement processor of the recelving side info
which the recaive completion flag corresponding to the user data is written at
completion of the receipt of the user data transferred at the message receiving
operation in the element processor of the recalving side of the messags. Howaver,
when the mode bit 202 is set {0 one, the send flag address field 204 is used o
designate the start address of the region of the local memory of the element processor
of the sending side from which the MPI additional information should be read at the
message sending operation in the element processor of the sending side of the
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massage. Similarly, the receive flag address fisld 207 is used o designate the start
address of the region of the local memory of the element processor of the receiving
side at which the MP! additiona! information included in the recsived message should
be written at the message raceiving operation in the slemant processor of the receiving
side of the message.

As a result, the jocal memaory address whers the send complation flag should be written
is not designated explicitly by the transfer control information 200 at the message
saending operation in the slement processor of the sending side of the messags. Inthe
presant embodiment, the network interface olroult 305 of the element procsssor of the
sending side adds the predetermined size of the MP! additional information {o the
address of in the send flag address fleld 204 and writes the send complstion flag
common o the user data and the MPI additional information into the location of the
local memory, having the address oblained as a result of the addition. Similary, the
network interface circuit 305 of the slement processor of the receiving side adds the
predetermined size of the MP! addiional information to the address of in the receive
flag address fisld 207 and writes the recelve completion flag common o the user dala
and the MPI additional information includad in the received message, inlo the location
of the local memory, having the address oblained as a result of the addition, atths
message recaiving operation in the element procassor of the recaiving side of the
massage. As a resull, two kinds of dalg, that ig, the user dala and the MPI additional
information can be transferred or received in ons messags by using one transfer
controf information 200, and vst the send completion flag or the receive completion flag
required in sxacution of the PUT opsration can be wrillen inlo the local memaory of the
slement processor of the sending side and the local memory of the slement processor
of the receiving side, respectively.

The instruction processor 301 is & unit which exscules program processing. The cache
memory 302 is a memory which accompanies the instruction processor 301 and has a
relatively high speed and a relatively small capacity. The network interface circult 3058 is
a unil which is connectad to the interconneacting network 105 and exscules dala
fransfer processing according to the commands from the instruction processor 301,
The data fransfer processing is execuied independently of the program procsssing in
the instruction processor 301, which is the characteristic of the parallel computer
system of the distributed memory type. The storage controller 303 accesses suilable
storage medium according o a data access reguest issued from the instruction
procassor 301, the nebwork interface circuit 305, or the VO interface circult 308, The
local memory 304 stores data and so on under control by the slorage controller 303,
Tha instruction processor 301 and the nebwork interface circuit 305 operals
independently from sach other, so the storags controller 303 processas an access
request {o the local memory 304 required by dala transfer from the network inlerface
girouit 305, in paralls! to processing of the access request 1o the locsl memory 304 from
the instruction procsssor 301, The VO interface oircult 308 accesses the O device 108
according to an access request from the slorage controller 303, In an slement
processor o which the VO device 108 is not added, the VO interface circuit 308 may
not exist,

As shown in FIG. 4, the storage contrailer 303 is composad of the instruction processor
interface circuit 401, the address analyzing cireuit 402, the memory access interface
cireuit 403 and the data transfer interface circult 404, The instruction processor
inferface circuit 401 receives a fransaction such as an access request to the local
memory 304 or 2 command which should be sent o the network interface cirouit 305,
from the instruction processor 301 by line 4018, The command is usually an access
reguest o one of the control registers {not shown in the drawings) in the nelwork
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interface ciroult 308, The instruction processor interface circult 401 fransfers to the
instruction processor 301 through line 4028, an response 1o the fransaction generated
by the memory access interface circuit 403 or the network interface clrcuit 305 or an
interrupt transfer request which requests fransfer of the interrupt factor detecied by the
storage controlisy 303 or the network interface circult 3058, The responss fo the
fransaction of the access request o the local memory 304 is data read therefrom.

The address analyzing oircuit 402 receives by ling 4035, the local memory access
request or a command to be sent to the network interface circult 305, both issued by
the instruction processor 301, and analyzes the destination address which the access
request or the command designates. The address analyzing circuit 402 transfers the
local memory access request {0 the memory access interface ciroult 403 through line
4048 and the command which should be sent to the network interface circult 308 to the
data transfer interface circuit 404 through line 4088,

The mamory access interface circult 403 receives the local memory access reguest
from the address analyzing circuit 402 through Hne 4048 and transfers it to the local
memory 304 through line 4078, When the local memory access request is a read
raguest to the local memory, the data which the read request designates is transferrad
from the local memory 304 to fine 4088, In addition, the read dats is transferred from
the memory access interface circult 403 1o the instruction processor interface circuit
401 through lins 4088, and is further transferred to the instruction processor 301
through line 4028, The memory access interfacs circult 403 also processses a local
masmory access related to inter-processor data transfer, A requsst for the local memory
access relalted {o the inler-grocessor data transfer is ransferred from the nebwark
irterface ciroult 308 through the data transfer interface circull 404 and line 4108, The
mamory access interface cirouit 403 issues the local memaory access request
{ransferred from the network interface circuit 308 {o the local memory 304 Hike a local
mamory access request transferrad from the instruction processor 301, When the
access raquest is a read access, the memory access interface circuit 403 transfers
data read out from the local memory 304 back {o the network interface clrcuit 305 via
fine 4118 and the data transfer interface cirouit 404,

The data fransfer interface circuit 404 receives a command which should be transferred
o the network interface circuit 305 as ransferred from the address analyzing circuit
402 through line 4088, and transfers it to the network interface circuit 305 through line
4128, A response to the command or 3 local memaory access request related o the
inter-procassor data iransfer is transferred {0 the data transfer interface cirout 404 from
ihe network inlerface clroult 308 through line 4138, The data transfer interface circult
404 transfers the responss io the above-mentioned command o ths instruction
processor interface cirouit 401 through line 4148, and {o the instruction processor 301
hrough ling 4023, The dala transfer inferface olrcuit 404 fransfers the local memory
access request o the memaory access interface clrcult 403 through Hne 4108, When the
access request is a read request, the data read from the local memory 304 is
ransferred from the memory access interface circult 403 {o the data transfer interface
gircuit 404 through line 4118 and is further transferrad from the data transfer interface
gircuit 404 to the network interface circult 305 through line 4128, The dala transfer
irterface circuit 404 occasionally raceives from the network interface circuit 308, an
interrupt transfer request generated therein through line 4138, The interrupt transfer
request is transferred o the instruction processor inferface cireuit 401 through line
4148 and s further transferad to the instruction procsssor 301,

Ths network interface circult 345 is composed of the command receive cirpuit 408, the
command processing circull 408, the messags generating circult 407, the message
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send circult 408, the message receive cireult 408, the messags disassembly circuit
410, and the command send circuit 411, The command receive circult 405 receives g
command which regueasts an access {o a control register {not shown in the drawings)
within the network interface circuit 305 from the storage controfier 303 through line
4128, the data requesied by the network interface circuit 305 and read from the local
memory 304, and s0 on. The read data is transferred to the command processing
girouit 408 through fine 4158, The read data is, for example, data which should be
fransferad o ancther slement processor, data to be setl in the contral register {not
shown in the drawings) within the network interface circuit 305 as operation control
data therefor, or the transfer control information used {o generale a messags al transfer
of data. The ransfer conirgd information contains the number of the destination
processor, the send data address, the send flag address, the transfer data length, the
raceive dala address, and the receive flag address and so on.

The command procassing oircuit 408 axecutes the command which requesis access o
a control register in the network interface circuit 308 {not shown in the drawingl and is
transferred from the command receive circult 408 through line 4158, When the access
is a read access, the command processing ciroult 408 sxecules the read access and
fransmils data as read from the local memory 304 1o the command send clreuit 411
through line 4178, When the access is a wrils access, the command procsssing cirouit
4086 sxecutes writing requested by the command. When the access 1o the control
regisisr is a wrile request lo the control register (nat shown in the drawing) for
invocation of the message transfer, the network interface ciroult 305 starls messags
send processing. In the message send procassing, the command processing cireult
4086 generates a local memory access request for readout of the transfer contrad
information 200 stored In the local memary 304, 1o get the local memory address of a
iecation where information required to producs the header of the messags and transfer
data is stored. The aocess request is transferred o the command send circuit 411
through line 4178, is further supplisd o the local mamory 304 through line 4138, the
data transfer interface circuit 404, lins 4108, the mamory access interface circuit 403,
and line 4078, and the transfer control information is read from the local memory 304,
The read transfer control information is transferrad {o the message generating cirouit
407 via line 4088, the memory access interface circuit 403, line 4118, the dala transfer
intsrface ciroult 404, line 4128, the command recaive cireult 405 and the command
processing circuil 408,

The message generating circuit 407 iz one of the characteristic circuits of the present
embodimsent. When the mode bit 202 in the transfer control information 200 is 1, the
message generating oircult 407 reads the user dala and the MP! additional information
from the local memaory 304, based upon the send data address 203 and the send flag
address field 204 in the transfer control information 200, respectively. The message
gensrating circult 407 assembilss a message, and delivers it {o the message send
gircuit 408, The header of the messags contains information within the transfer control
information 200 other than the above-mentioned two addresses. The send data of the
message comprises combination of the user data and the additional information as
raad. When the mode bit 202 is §, the message generation ciroult 407 assembles a
meassage which containg the same header as above and the send data which includes
the user data as read.

FIG. 5 shows intemal structure of the message generating circuit 407, The message

generating cirouit 407 has the registers 501, 502, and 503 which respsclively maintain
the send data address 203, the address in the sand flag address fisld 204, the fransfer
data length 208 in the ransfer contral information 200 read from the local memory 304.
The message generating circull 407 further has a register 504 which holds the amount
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of data which has already been read from the local memory 304 for a message under
genaration, a register 505 which holds the size of the MPI additional informationand a
register 508 which maintains the mode bit 202 in the transfer controf information 200
Thae latter two registers are ones of characteristic circulls of the present smbodiment.
Accass to the local memory 304 is execulsed by repealing accesses {o different dala
gach of a predetermined unil of amount, The amount of already read dala as held in
ihe regisier 504 is counted up whenever the dala {the user dala and the additionsl
information) to be sent is read from the local memory 304 by predetermined amount,
and is reset after all the data 10 be sent has been transfered to the message send
gircuit 408, Thersfore, the amount of the already read data held in the register 504 can
be regarded as tolal amount of data already sent. Similarly, the send dats address held
in the register 801 is counted up whenever the data {o be sent is read ot from the local
memory 304 by predetermined amount. The send flag address held in the register 502
is counted up whanever the MP additional information to be sant is read from the local
memory 304 by predetermined amount. The size of the MP! additional information is
ast into the register 505, whan the MP library and the PUT/GET communication library
are initialized by the initialization request issued from 3 user process. The mode bit 202
int the transfer control information 200 is set inlo the register 508 when the information
is read from the local memory 304, and the mode bit in the register 508 s resel, when
alf the data is transferrad o the message send ciroult 408, The message generating
cireuit 407 includes a memory read request issus clroult 511, a meamory wrils request
issue circult 512, and 8 message assembly circult 513. The message generating circult
407 further includss an AND gate 507, adders 508, 508, and a comparator 510, which
are ones of characteristic circuils of the present embodiment. The memory read
reguest! issue clroult 511 and circulls connecled thersto composes a memory read
circuit. The memory wrile request issue circult 518 and circulls connected thersio
COMpOSses & mamory wrile cirouil,

The And gate 507 oulputls the size of the MP additional information heild in the register
5035, in case the mode bit in the register 508 is one, and oulpuls the valus 0 of the
mode bit, in cass the mode bit is 0. The adder 508 adds the oulput of the AND gate
547 1o the value of the send flag address fisld 204 held in the register 802, The result of
the addition i is stored in the conlrad register {not shown in the drawing) within the
mamory write request issue circult {812 (FIG. 5)) al start of the send operatlion in the
glement processor of the sending side of the message, and is used later on as the
send completion flag address. Al send operation in the slement processor of the
sending side of the message, the head address of the MPI additional information stored
in the local memory 304 is included in the send flag address fisld 204 held the register
502, In case the made bitis setio 1. The rasullant address oblained by the addition
indicates the address of the storage location next {o the slorage region where the MPI
additional information is stored, and is used as the write address of the send
completion flag at the send operation in the element processor of the sending side of
the message. The adder 508adds the oulput of the AND gale 507 o the transfer dats
length held in the register 503, The result of this addition is a sum of the length of the
user data and the size of the MPI additional information, In case one is set inlo the
mode bit, and indicates the total amount of data which is 1o be read from the local
memory 304 and {o be included in the messags to be ransferred at the send operation
int the slement processor of the sending side of the massage.

The comparator 510 compares the amount of the already read dala as held in the
register 504 with each of the transfer dala length held in the register 503 and the total
amount of the send data culputied from the adder 508, In case the amount of already
read data held in the register 504 does not excesd the transfer data length held in the
register 503, the comparator 510 culpuls a comparison resull signal indicative of thal to
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the memory read request issue circult 511, In case the amount of already read dala
held in the register 504 excesds the transfer data length held in the register 503 but not
the {otal amount of data o be read from the local memory 304 as given from the adder
508, the comparator 510 outputs 3 comparison result signal indicative of that to the
memory read request issue oircult 511, When the amount of already read data held in
the regisier 504 has reached the {olal amount of data to be read, the comparalor 510
ouiputs a comparison resull signal indicative of that to the local memory wiile request
issue circuit 512,

The memory read request issus circult 511 generates 2 local memaory read requsst,
from the comparison result signal from the comparator 510, the send data address in
ihe register 501, and the send flag address in the register 502 and transfers it o the
sommand send circuit 411, That is, the memory read request issue ciroult 511
generates a local memory read request 1o read an unread portion of the user data,
basad on the send dala address in the register 801, when the comparison result signal
shows that the already read data doss not excesd the ransfer data length. The
memory read request issus circuil 511 generates a local memory read request to read
an unread portion of the MPI additional information, based on the send flag address in
the register 502, when the folal amount of already read dala sxceads the transfer dala
fength but not the total amount of the data o be read. The memory read request issue
circuit 511 repaats the above-mentioned operation unill all of the user data and the MF
additional information are read.

Ths memaory write request issus circult 512 ransfers the local memaory wrile request to
the command send circult 411, based upon the comparison result signal provided from
the comparator 510 and the send complstion flag address which was oulputied from
the adder 508 and is stored In the control register (not shown in the drawing), as
mentioned before. That i, the memory wrile request issue circult 512 generales a wiils
requast which requesis writing of the send completion flag at a storags location of the
send completion flag address given from the control register (not shown}, when the
comparison result signal shows that the amount of already read dala has reachad the
fotal amount of data to read.

The message assembly circult 513 assembles a messags having structurs decided
according o the value of the mode bit and sends a send request of the messags o the
message send cireult 408, When the mods bil is one, the selector 514 assembles a
message which conlains a header which conlaing part of the transfer control
information 200 read from the local meamory 304 and sent via the command processing
circuit 408, and a data portion which contains the usser dala and the MPI addilionsl
information, and setls the assembled message inlo the register 515, When the mode bit
is O, the selector 514 assembles & messags with the header and a dals portion
including the user dala, and seis the messags info the register 518, Information other
than the send dats address 203 and the send flag address 204 are included in the
header, among the fransfer control information 200 read from the local memory 304,

in FIG. 4, the messags send circuit 408 recelves the message send request from the
message generating circuit 407 and sends the message 1o the inlercomnnecting network
105 through line 4208, The message is transferred 1o & destination slement processor
through the intercormecting network 105 according to the number of the destination
processor in the header. The send processing in the messags generaling circuit 407 is
axaculed to plural message send requests fransferred to the networlCinterface circuit
305 ssguentially according o the order of arrival of those send requests.

Next, the message receive circult 408 will be explained, The message recsive clrouit
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409 sequentially receives messagses from the interconnacting network 105 by line 4218
and transfers them to the massage disassembily circuit 410 through line 4228, The
message disassembly circult 410 disassembles the messages info the headsr portion
and the data portion and further separates the user data and the additional information
included in the dala porlion, based upon the transfer data length in the headsy portion
and the predetermined size of the MP! additional information. The transfer length is
included in the transfer controd information as included in the header portion of the
massags. The message disassembily clreuit 410 fransfers wrile reguests o the local
mamaory 304 {o write the user data, to write the additional information and o wrile a
receive completion flag {o the command send oircult 411 through the request line 42385,

FIG. & shows intermnal structure of the message disassembily circult 410, In the
massage disassembly circuit 414, the registers 801, 602, 803, and 808 are provided
which respectivaly hold the receive data address, the receive flag address, the transfer
data length, and the mods bit in the message header. The ragister 808 is one of
registers characteristic of the present smbodiment. The mode bit in the header is sat
info the register 508 when the header has been recsived, and the mode bit s reset
when all the dala in the message has been received. in addition, the registers 804 and
805 are insialled in the present embodiment. The register 804 holds the total amount of
dats already written into the local memory within the data in received the message, and
the register 605 holds the size of the MPI additional information, The register 805 is
one of registers characlsrislic to the present smbodiment, The predetermined sizs of
the MPI additional information is sel inlo the register 805 at MPI initialization or at job
invocation, and this size information is rese! when all the dala in the messagse has besn
recaived, The amound of the dala alrsady writlen as held in the register 804 is counted
up whenever predetermined amount is written inlo the local memory 304 within the
data (the user dala and the addiional information) In the received message and is resst
after all the received data has been written info the local memory 304, Thersfore, the
total amount of already written dala can be regarded as the otal amount of already
recaeived data. The receive dala address in the register 602 is counted up, wheanever
ihe user data in the message is wrillen into the local memaory 304 by predeterminad
amournt, and similarly the raceive flag addrass in the register 801 is counted up,
whenever the MPI additiona! information in the meassage is written info the local
memory 304 by pradetermined amount

Tha AND gale 807, the adders 808, 808 and the comparator 8180, which are
characieristic to the present embodiment, are further instalisd in the message
disasssmbly circult 410, in addition to the memory write reguest issue circuit 811, The
And gate 607 culpuls the size of the MPI additional informalion in the register 805
when the mode bit in the register 608 is one, and culputs € when the mode bitis §. The
gperations of the adders 808 and 809 is similar {o the adders 508 and 508 (FI3. 5).
The output of the adder 800 reprasents & recelve compistion flag address and is stored
in the control register (not shown) within the memory wiile reguest issue circuit 841 at
the start of the recelve operation ai the element processor of the receiving side, The
comparator 810 compares the total amourt! of already received dala as held in the
ragister 804 with each of the transfer data length and the output resuli data of the adder
808, and sulpuis the comparison result signal o the memary wrils request issus cirouit
§11. That is, the comparator judges whether the tolal amount of already received data
is smaller than the transfer data length, whether the fotal amount of already received
data is larger than the transfer datla length and at the same time is smaller than a sum
of the transfer data length and the size of the MPI additional information as providad by
the AND gate 807, or whether the tolal amount of already received data is equal 1o that
SLET,
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The memory write reguest issue cireult 811 and circuits connecled therelo composes
the second memory write cireuil, Specifically, the memory write request issue circuit
611 generales g local memory write requsest, based upon the comparison resull signal
of the comparator 810, the receive data addrass in the register 801, the recaive
complstion flag address as provided from the addsy 809 and already slored in the
control register (not shown) within the memory wiile request issue circuit 811, and the
value of the receive flag address fisld in the register 802, and transfers it {o the
command send cireult 411 through ling 4248, When the mods bit is one, the addsy 808
ouipuis the address obiained by adding the size of the MP additional information {o the
value of the receive flag address fisld in the register 802 as the local memory address
of & storage location where the receive completion flag should be written,

When the oulput of the comparator 810 shows that the tolal amount of the received
data is smaller than the transfer data length, the memory write reguest issue circuit 811
generatas a local memory wrile request, based on the recelve dala address in the
register 801, to write the received dals at a storage location next 1o the slorags
locations where already received data has been wrilten,

When the cutput of the comparator 810 shows that the tolal amount of the received
data is larger than the transfer data length, but is smaller than the sum of the transfer
data length and the size of the MPI additional information as provided by the AND gate
807, newly recsived data belongs to the MP additional information. Thersfore, the
memory write reguest issue cireuit 811 gensrales a local memory wrils request, basad
on the address of the recsive flag address in the register 802, o wrile the recsived dala
at a storags location next {0 the storage locations whers already received MPI
additional information has been writlen,

Whaen the output of the comparator 810 shows that the iotal amount of the received
data coincides with the sum of the transfer data length and the size of the MPI
additional information as provided by the AND gate 807, it means that all data has besn
received. Therefore, the meamory wrile raguest issus circuit 811 generates a local
mamory write request which requests wriling of the receive completion flag at a storage
lncation next to the storage locations of the MPI additional information, based on the
receive completion flag address as stored in the control register {not shown) within the
memory write requsest issue circult 611,

The command send ciroult 411 writes the received data or the recsive completion flag
into the local memory 304 according to thess wrils requests. The command send circult
411 transmits the following data or signals transferred thereto 1o the dala transfer
interface circuit 404 in the storage controlier 303 through line 4138;

daia read from a control register {(nol shown in the drawings) within the nebwork
interface circuit 308, as transferred through line 4178;

a read request to the local memaory 304 for the send data used in the messags send
processing, as transferred through line 4248;

a write request {o the local memory 304 for the send completion flag, as transferrad
through line 4248 asccording to completion of the message send processing;

a write request to the local memory 304 for the receive data or the receive completion

flag, as transferred through line 42385 according o the massage recsive processing;
and
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an interrupt request genarated in the network interface circuit 308,

Morsover, the command send circult 411 transmits the read reguast {o the local
mamory 304 for information related to operation control of the network interface cirouit
305 and the read request {o the local memory 304 for the transfer control information
200 ussd in the message send processing, o the data transfer interface circuit 404
through line 4138,

Next, the flow of the message ransfer in the present embodiment will be explained.
First, the PUT processing will be explained {o write the user data and the MPI
additional information stored in the local memory of an slement processor of the
sending side, into the local memaory of an element processar of a receliving side, by
referring to FIGS. 4, 5, and 7. In the communication msthod of the present
smbadiment, the user process of the sending side and the user process of the
raceiving side issus a command which calls the initialization routine within the MPI
library, for inslance, MPL inil, they use the MPI library. When the MP! library recsives
the call 1o the initialization routine i, i calls some communication preparation
procedures in the PUT/GET communication library. These communication preparation
procedures are predsetermined by the PUT/GET communication lbrary used, but only
the processing which relates 1o the axplanation given below or the processing newly
axscuted in the pressent embodiment will be axplained,

Both the PUTIGET communication ibrary of the sending sids and the PUTIGET
communication fibrary of the receiving side exsculs the following processing in thess
communication preparation procedures in the present embodiment. The local memaory
701 is mapped into the user space, and the communication reglons 703 or 704 FIG. )
is secured. The send dala region and the send complsetion flag region corresponding to
it are secured in each communication reglon, In FIG. 7, the reference numeral 713
shows an example of the send data region. In FIG. 7, the send data region in the
cormnunication region 704 of the raceiving side is not shown. The prasent smbodiment
differs from the prior art in that a continuous region which has the size enough 1o slore
both the MPI additional information 714 and the send completion flag 715 is secured as
the send compilation flag region. Similarly, the receive dala region and the receive
completion flag region are sscured in each communication ragion. The reference
numeral 721 in FIG. 7 shows an example of the receive data region in the present
embodiment. In FIEG. 7, the receive data region in the communication region 703 of the
sending side is not shown. The present embodiment differs from the priorart in thal a
continuous region which has the size snough to stors both the MPI additional
information 722 and the receive completion flag 723 is secured as the recsive
completion flag region. The length of the MPI additional information 714 or 722 is about
&4 bytes, for instance. The region 715 or 723 where the send completion flag or the
raceive completion flag is wrilten is sight bytes, for inslance. The size of the MPI
additional information is sel into the registers 505 and 808 during these communication
preparation procedures.,

Thers are both a case in which the PUT/GET communication library presumaes that the
user data is resident in the local memory 701 and a cass in which the PUT/GET
communication library does not do so. In the former case, the send data region 713 is
decidad so that the send data ragion 713 coincides with this resident region of the user
data. On the other hand, in the latler case, the send data region 713 is decided
independently of the region in the local memory allocated o user dala which the user
process of the sending side uses. The present invention can be applied 1o any of the
fwo kinds of PUT/GET communication ibrary, In the latler case, however, i is
nacessary o copy data in the region of the local memory aflccated o user data which
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the user process uses onto the send data region 713, as will be described Iater on. In
the former case, this copy operation s not necessary, which resulls in spesd up of the
data fransfer opsration.

When the processing of the user process of the ssnding side advances after the
communication preparation procedurss ars sxecuted as mentioned abovs, the user
procass issuss a data send request command, for inslance, MPL send 1o the MP
library of the sending side, afler wiiling datla o be transferrad into the user dala region
713 in the communication region 703 of the sending side. The name of this command
is predetermined by the message passing library used and the arguments o be
designated by the command comprises plural pleces of information of plural kinds
similarly predetermined by the library. The arguments of the command for the MPI
fibrary used in the present embodiment comprise a start address of the userdata lo be
transferred, length of the user datla, and additional information. The start address is a
virtual addrass of the user data in the virlual mamory space aliocated to the user
process. The additional information containg an identifier of the user process of the
receiving side and the identifier of the process group, and so on. The first two
argumanis are the sams as the arguments designated by a data send requast
command which the user process issue directly o the PUT reguestiGET
communication library so as 1o request data transfer without using the MP Bbrary, The
additional information are arguments which the data transfer request deignales newly
1o the MP library,

The MPI library of the sending side responds to the data send request command

MP send and issues a request the PUT/GET communication library to send dala
designated by the command. The MP library of the sending side issues the reguest in
the form of one or plural commands predelermined by the MPI library and the
PUTIGET communication ibrary. Only one main command used in the present
embodiment among thoss commands will be axplained below.

Tha MP! library of the sending side issues a command 1o request acquisition of the
fransmission right. The put/GET communication library of the sending side responds {o
this command, communicates with the user process of the receiving side and oblains
the fransmission right of data {0 the procass. The MPI library of the sending side
decides the user process of the receiving side and the number of the slement
processor which executes i, based upon the procass identification number and the
process group identification number of the recsiving side as included in the additional
information designated by the data send request command MPL_send.

The MPI library of the sending side communicates with the user process of the
receiving side {substantially, the MPI library of the receiving side} and recsives the
raceive dala address and the recsive flag address which respsctively indicates the
head locations of the recelive dala region and the receive flag region for the user
process of the recelving side both controlied by the MPI library of the recelving side.
These addresses are real addressas. When the user process of the sending side
issues the same dala sand request command MPL_send later on, the command o
request acquisition of the transmission right neads not be execuled again.

if the PUT/GET communication library does not presums, as aglready described, that
the user data o be transferred is resident in the local memory 701, the MP library of
the sending side issuss a command which requesis copying of the user data to be
transferred onio the user dala region 713, The pu/GET communication library of the
sending side coples dala in a region of the local memory as designated by the
command to the user data region 713, The arguments of the command designale the
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address and the data length of the dals {0 be copled. There may be g case wherg it is
desirable for the MP library to exscute the copy operation dirsctly, but the copy
operation is exscutad in the present embodiment by the PUT/GET communication
ibrary in response o a request by the MP! ibrary, as described above. If the PUT/GET
communication library presumaes that the user dala to be transferred is resident in the
local memory 701, the copy operation I8 unnecessary,

Nexi, the MP1 ibrary of the sending side issues a command which requests wiiting of
the additional information into the local memory, The PUT/GET communication library
of the sending side responds {o this command and writes the MPI additional
information designated by the argument of this command into the head reglon 714 of
ihe send fiag region already decided In correspondence {0 the send data region 713
There may be & case whers it is desirabls for the MPI library o exacule the write
aparation directly, but the wrils operation is executed in the prasent ambodiment by the
PUTIGET communication ibrary in responss 1o & request by the MP library, as
describad above.

The sending side issuss a command which requests generation of the transfer control
information. The command designates the destination processor number (which is
determined by the MP! library based upon the message destination information
included in the additional information designated by the MP_send command), the
address of the user region 713 controfled by the MP library, the address of the region
714 where the additional information is stored, the length of the user data as
designated by the MPI command, the addresses of the receive data region 721 and the
recaive flag region 722 for the process of the receiving side and so on, The PUT/GET
communication library of the sending side responds o this command and writes the
fransfer control information into an appropriate region of the local memory 701,
information included in the transfer control information 200 are as follows. The number
of the destination procassor 201 is & number of the processor in which the user
process of the recsiving side is exscuted. This number is decided in the processing of
acquisition of the transmission right, as already described. The mode bit 202 is a bit
which shows whether use of the send flag address fisld 204 is expanded according to
the present embodiment. The puVGET communication library of the sending side sels
the mode bit to one, when dala fransfer is requested by the MPI library of the sending
side. The value 1 of the mods bit 202 requests transfer of the user data and the MPI
additional information in one messags. in case, the user process of the sending side
issues the dala send request command directly to the PUT/GET communication fibrary
and not {o the MPI library in the present embodimsent, the PUT/GET communication
brary responses to the command and gensrates the transfer controd information which
has the same struclure as the transfer controd information 200 shown in FIG, 7 and in
which the value of the mode bit 202 is 0. Various addresses included in the transfer
controd information are real addresses.

The send dala address 203 is the starl address of the send dala region 713 which
stores the user dala or its copy transfer of which has been requestad by the user
process of the sending side. The transfer daia length 208 is the data length of the user
date which the dala send request command MPL_send designates, and the MP! library
which has recsived the command notifles the PUT/GET communication library of the
length.

in the conventional apparatus, the local memory addrass o wrils the send completion
flag is stored in the send flag addrass field 204, the start address of the MPI additional
information 714 in the local memory 701 is stored in the send flag address fleld 204
when the mods bit 202 is one in the present ambodiment. i means that the address of
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the region 715 in the local memory which slores the send completion flag will not be
designated axplicitly by the send flag address field 204, when the mods bit 202 is ons.
in the present embodiment, the network intarface circuit 305 stores the send
completion flag common o the user data and the MPI additional information, into the
region 715 of the next address o the iast address of the MP! additional iInformation 714
in the local memory 701, Therefore, the PUT/GET communication library of the sending
side notifies the ussr process of the sending side of send completion when the send
completion flag is wrillen, as a response to the dala send request command from the
user process (substantially the MP! ibrary) of the sending side. When the mode bit 202
is 0, the PUT/GET communication library sels inlo the send flag address field 204, the
address where the send completion flag is to be wrillen as decided by the library.

The receive data addrass 208 is the address of the local memaory region 7281 {(FIS. T o
store the received data in the slement processor of the raceiving side. The recelve flag
address fisld 207 is the start address of the region which stores the additional
information received with the receive dala and the receive complstion flag indicative of
completion of a receive oparation. in the present embodiment, the recelve complstion
flag is written into the reglon 723 which succeeds 1o the region 722 where the
additional information is stored. Therefore, the start address in the region 722 is writtan
irtto the receive flag address fisld 207, Both the receive dala address 208 and the
receive fag address 207 are notified by the destination PUT/GET communication
library in the MPI initialization routing, These addrasses are oblained by the MP library
of the sending side afler communicalion with the user process of the receiving side and
are included in the arguments of the command which is issued by the MPI library and
requests generation of the transfer control information. These addresses are used al
the receive operation in the processor slement of the receiving side.

The other control information 208 contains other information necessary for
communication processing, such as ong indicating a typs of PUT messags, GET
meassage or GET request message or one indicating a type of communication like ons
10 one communication or multicast communication and so on.

in the transfer control information 200, # is possible 1o install the field which designates
separately the local memory addrass where the MPI additional information should be
read and the field which designates the ibcal memory address where recaived the MPI
additional information should be written. Howaver, the swilching of two addresses
which the send flag address 204 and the receive flag address 207 designate by using
ihe mode bit 202 as in the pressnt embodiment has an advantage that the struciure
and the size of the transfer control information 200 can be the same as the case where
the user process uses only the PUT/GET communication iibrary to transfer or fo
receive data.

When the transfer control information 200 has been generated, the MP! iibrary of the
sending side issues to the network inlerface cireult 308, a command which requests
ransferring of data according o the generated transfer control information. The
PUTIGET communication Hbrary responds {o this command and issues a write
command which request writing of the start addrasses of the transfer contrad
information 200 into a message transfer activation register (not shown in the drawings)
as provided in the nebwork interface cirouit 305, The command processing circult 408
axacules the write command and wriles the start address of the fransfer control
information 200 inlo the message ransfer aclivation register {not shown in the
drawings} within the nebwork interface circuit 305, The network interface oireuit 305
starts message send processing by this writing.
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As shown in FIG. 4, the command processing circult 408 fransmils 8 local memory
access raquest which reads the transfer control information 200 stored in the local
mamory 304 {o the command send cirouit 411 through line 4178, 1o maks the headsr of
the message. The transfer control information 200 as read from the local memory 304
based on the addrass written into the message transfer activation register {not shown
in the drawings) is transmitted through line 4138, the dala transfer interface circuit 404,
line 4108, and the memory access interface circuit 403 and is Turther transferred o the
massags generating circult 407 through the memory access interface circult 403, line
4115, the dala transfer interface circull 404, line 4128, and the command recaive
giroudt 405, and the command processing cireuit 408,

it FIG, 5, the message generaling clreult 407 sets the send datls address 203, the
value of the send flag address fisld 204, and the transfer data length 205 and the mods
bit 202 in the transfer control information 200 inlo the registers 801, 502, 503, 508,
raspectively. Other information is held in the ragisters not shown in the drawing. The
mods bit in the register 508 is one in the present case. The mode bit in the register 508
is 1, so the AND gate 507 is tumed on and culpuls the size of the MPI additional
information in the register 505, The adder 508 adds the transfer data length in the
ragister 503 {o the MPI additional information outputted from the AND gate 507, and
outputs total amount of data to be read from the loeal memory 701, When the
comparator 510 judgss that the total amount of already read data as held in the register
504 is smaller than the transfer dala length held in the register 503, the memaory read
reguest! issue cireult 511 transmils a local memory read reguest o the command send
circuit 411 to read the user data 713 from the storags location of the send dala address
hald in the register 801, The user data is read from the local memory 701 through the
command send cireuit 411 and the memuory access interface oircult 403 in the slorags
controfier 303, The read data is transferred {o the command processing circuit 408
through the memory access interface circult 403 in the storage controlier 303, the data
fransfer interface circult 404, and the command receive circult 408, and s further
fransferrad to the message generating cirouit 407 through line 4188,

Whan the comparator 510 judges that the total amount of already read data as held in
the register 504 is larger than the transfer data length hald in the register 503 bul is not
graater than a sum of the transfer data length and the size of the MPI additional
information held in the register 505, the memory read request issue circuit 511
fransmils 3 local memory read request 1o the command send circuit 411, o read the
MP additionad information 714 from 2 storage location in the local memary 701 which
has the send flag address held in the register 502. The read requestis sent from the
command send circult 411 to the local memeory 701 through the data transfer interface
gircuit 404 and the memory access interface circuit 403 in the storage controller 303,
The MPI additional information 714 is read from the local memory 701, The MPI
additional information 714 is transferrad 10 the command processing cirouit 408 through
the memory access inlerface circuit 403, the dala transfer interface olrcuit 404, and the
command recelve ciroult 408 in the storage controlier 303 and is further transferred {0
the message generaling oircult 407 through line 4188,

The selector 514 in the messags assembly circuil 513 in the message gensarating
cirowit 407 receives the mode bt is a8 a control signal. As the mod is one, the selacior
stores the part of the fransfer control information 200 read from the local memory 304
gther than the send dala address and the send flag address into the header portion in
the register 515, Similarly, the selecior 514 siores the user data 713 and the MPI
additional information 714 into the data portion of the register 515,

When the comparator 510 judges that the total amount of already read dala as held in
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the register 504 has becoms egual 1o the sum of the ransfer dala length and the size
of the MPI additional information, the memory write reguest issus circuit 512 transmits
io the command send circuit 411, 2 local memory write request which requests writing
of the send completion flag. The request requests writing of the flag into a storage
lncation of an address sgual 1o the sum of the start address of the MP additionsl
information as held in the send flag address fisld in the register 802 and ths size of the
MPI additional information in the register 505, The sum is already provided by the
adder 508 and is already stored in the control registar {not shown) within the memory
write request issue cirouit 811, a5 was explained before. The send completion flag 718
is written into the local memory 304 from the command send circuit 411 through the
memory access interface circult 403 In the storage controfler 303, In the present
gmbaodimeant, completion of reading of the user data and the MPI additional information
which the messags should include is regarded as complation of transfer of the
message, and the send completion flag 715 is written at completion of the reading. The
flag, howaver, may be written when the massage has been transferred o the
inferconnecting network 108,

Thus, one message 705 which contains the user data and the MPI additional
information which relates fo # is generated within the register 515, The message 705
includes the number of the destination processor 718, the mode Bit 717, the transfer
data length 718, the receive data address 718, the receive flag address 720, and the
other control information 728 all included in the transfer control information 200, and
further includes the user dala 728 and the additional information 727 in place of the
send dala address 203 and the send flag address 204 included in the transfer control
information 200, The message generating cirouit 407 ransfers the message 705 o the
message send circult 408, When the message generating circult 407 finishes sending
the message 705 (o the message send circuit 408, the message send circull 408 regels
the register 804 and 508, The message send cireuit 408 sends the message 708 o the
interconnecting network 105, The inferconnecting network 105 transfers the message
{0 & procassor designated by the number of the destination progessor 718 in the
Messages.

MNext, the receive processing will be explainad. The messags 705 transferred from the
interconnecting network 105 is received by the message receive circult 408 and is
fransferrad to the message disassembly circuil 418, The message disassembly circult
410 writes the recaive dals address 718, the recaive flag address 720, the transfer dala
length 718, and the mode bit 717 includad in the message header inlo the register 801,
02, 803, and 608 (FIG. 8}, respeactively. The register 804 is reset o O beforehand and
ihe size of the MP1 additional information is set info the register 605 beforghand. The
mamory write requsst issus circult 611 iIn the messags disasssmbly ciroult 410
generates a local memory access request o write the received user data info the local
memaory region designated by the receive dala address 718 in the header, and
fransfers it {o the command send circuit 411 through line 4238, The received user dala
is written into the region 721 in the communication region 704 of the local memory 304
according o the recelve dala address 718 in the message header, by way of the
memory access interface circult 403 within the storage controlier 303, The mode bit in
the register 808 is 1, so the AND gate 807 is tumed on and supplies the size of the MPI
additional information held in the register 805 10 the adder 808, The adder 808 adds the
fransfer data length 807 in the ragister 803 (o the size of the MPI additional information
provided from the AND gate 607, and supplies tolal amount of data 1o be writlen into
the local memory. Whanaver the message receive cireuit 408 receives one of different
poriions of the user data in the message from the interconnecting network 105, the
amount of the received dala held in the register 804 is updated.
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Whanever a different portion of the user dala is received by the messags receive circuit
408, the comparator 810 in the message disassembly circuit 410 judges whather the
total amount of received data as held in the register 804 is smaller than the ransfer
data length held in the register 803, When the comparator 810 judges that the former is
smalier than the latter, the memory write request issue circuit 811 requesis the
command send circull 411 to write the received user data info the local memory 702 of
ihe receiving side according o the receive data address held in the register 801.

When the comparator 810 judges that the {olal amount of already read data as held in
the register 804 Is larger than the transfer data length held in the register 503 but is not
greater than a sum of the transfer data length and the size of the MPI additional
information held in the regisier 808, the memaory read request issue circuit 811
fransmits to the command send circuit 411, a local memory write request which
raguests writing of the received MP1 additional information into a storage location of the
local memory 701 which has an address included in the receive flag address fisld as
held in the register 802,

As already mentioned, the adder 808 adds the value of the receive flag address fleld in
the register 802 to the size of the MPI additional information given from the AND gate
807, and decides a mamory address at which the receive complstion flag should be
written. The culput of the adder 809 was already stored in the control register (not
shown} within the memory write reguest issus circuitt 11 at start of the receive
operation in the slement processor of the recaiving side, When the comparator 810
detects that the amount of already recaives dala as held in the regisler 804 has
becoms equal 10 a sum of the transfer data length and the size of the MPI additional
information, as given from the adder 808, the memory wiile reguest issue clreuit 811
fransmils {o the command send olrcuit 411, & local memory wrile request which
requests writing of the receive compiletion flag at the receive complation flag address
given by the control register {not shown} within the memory write requsest issus circult
811, As a result, the receive complation flag 723 is writlen into the local memory 304
from the command send circuit 411 through the memory access interface circult 403 in
ihe storage controller 303, Thus, the data recsive processing is completed, Moreover,
the data transfer procassing ends at completion of the dala receive processing.

Tha received user data and additional information are usad in the element processor of
the receiving side in the following manner. The user process of the receiving sids
issues a command which reguests receiving of data transferred from ancther slement
processor, MPL recy, for inslancs, This command designates arguments which includs
an address indicative of user dala o be received, the maximum length of the user dala
and the additional information pradetermined by the MPI library. The additional
information includes an identifier of the user process of the sending side and other
information. The address designated by this command is 2 virtual address which
belongs {o the address space aliocated 1o the user process of the recsiving side. The
MPPI ibrary of the receiving side judges, bassd on the additional information 722, and
the receive completion flag 723 written in the local memory 702, whether the user data
as designated by the argument of this receive command has been written inlo the iocal
memaory 702, The MM library detects a valid receive completion flag 723, and
comparas the additional information 722 corresponding to the flag with the additional
information designated by the MPL_reov command. f coincidence is detectad with
raspact to necessary information as determined by the MPI brary, the MPH library
judges that the user dala is already written. If the user data has bean wrilten info the
local mamory 702, the MPI library of the receiving side notifies the user process of the
receiving side of completion of receipt of the user data, ¥ the user dala has not been
written into the local memory 702 vel, the MPI library repeats the judgement until the
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judgement succsads,

if data region which has the virlual address designated by the user process of the
recaiving sids is not resident in the local mamory 702, the MPI library of the recalving
side coples the received user dala 741 onto a lecal memory region allecatsd to the
address which the user process designates, before executing the notifying operation. i
data region which has the virlual address designated by the user process of the
receiving sids is resident in the local memaory 702, the copy operation is unnecassarny.

The user process of the receiving side execules an instruction o read the recelved
data, when the user process receives the notification of the recelve complstion.
Thersfore, the receive processing of the user dala in the receiving side differs from the
prior art in that the common recaive completion flag 723 is used to detect whether the
user data 721 and the additional information 722 has been writlen into the local
mamory 702

The explanation given above is about the case whers the user process has issued a
send reguest command of data o the MP library. In the present embodiment a user
LrOcess can issue a dats send request command o the PUT/GET communication
library directly. in this case, the dals send reguest command designates the virtual
address indicative of the user data 1o be transferred, the dala length, the destination
slement processorn, the send dala address and so on o the PUT/GET communication
fibrary, The PUT/GET communication library responds 1o this command, generales ths
fransfer control information 200 which has the same struciure as one desoribad above
and writes i into the local memory 781, The value of the mode bit 202 in this
information is 0. The send flag address feld 204 designales the address of a wrile
region 718 of the send completion flag. s the same with the receive Rag address fisld
207, The additional information storage regions 714, 722 are unnecessary for the data
send request command. The addresses such as the send data address are all raal
addrassas as in the cass of the transfer control information generated by the instruction
from the MP library.

VWhan the mods bit 202 in the ransfer control information 200 is §, the operations of the
message generating circult 407 and the message disassembly circuit 410 differ from
the case when the mods bit 202 in the ransfer control information 200 is one. That is,
as the mode bit in the register 808 is §, the oulput of the adder 508 is aqual to the
fransfer dala length held in the register 503, and the oulput of the adder 508 is squal to
ihe send completion flag address held in the register 502, The messags generating
gircuit 407 finishes reading of datia {o be transferred, when the comparator 510 has
delected that the total amount of already read data as held in the regisisr 504 has
becomes squal o the transfer data length held in the register 504 and given from the
AND gals 507, When snlirsty of the message which condains the read oul dala has
besn sent to the interconnecting network 105, the memory wrile request issue circuit
512 in the message generaling oircuil 407 transmiis {o the command send cireuit 411, a
write request which reguests writing of the send complstion flag info the local mamaory
region designated by the send flag address held in the register 502 and given from the
adder 538,

in the slement processor of the receiving side, 0 is set info the register 808 (FIG. 8), as
the mode bit 717 in the headsr in the messags transferred from the interconnecting
network 108 is 0. As the mode bit in the register 8086 is §, the oulput of the adder 608 is
aqual fo the transfer data length held in the register 803 and the oulput of the adder
808 is sgual to the receive flag address held in the regisier 802, Thersfore, the memory
write request issue circult 811 repeals issuing of & wrile request which requests wriling
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of the recelve dala info the local memory untll the comparator §10 detects that the otal
amount of received data as held in the register 804 has become equal to the transfer
data length as provided by the adder 808, After all the receive dala has baen writlen
into the local memory, the memory wrile request issus circuit 811 issues & wrile request
o write the receive complstion flag into the local memory 304 according lo the receive
flag address held in the register 802 and provided from the adder 808, Thus, the dala
fransfer requestsd by the MPI library snds.

For the comparison, in the prior art PUT processing, as shown in FIG. 8, the PUT/GEY
communication library of the sending side generates two pieces of transfer control
information A and B (800, 801} {o transfer the user dala and the additional information
thersfor respectively, and the user data, the send complstion flag A therefor, the
additional information, and the send complstion flag B therefor are storad in the
communication ragion 802 of the local memaory of the sending sids. The nelwork
interface circuit of the sending side transfers the two messages A and B (804, 805}
based on thess two pisces of transfer control information. The network interface cirouit
of the receiving side writes the user dala, the receive completion flag A therafor, the
additional information, and the recsive complation flag B therefor into the
communication region 803, The mode bit used in the present embodiment does not
exist in the transfer controf information A or B.

On the other hand, in the present smbodiment, two different data such as the user dala
and the additional information can be transferred by ong message according lo the
direct iter-memory dala transfer method. Therefors, the ransfer latenoy and the local
MSMory acoess freguency can be reduced and the paralis! processing efficlency can
be improved, in comparison o the prior art which needs ransfer of two messages. In
addition, the prior art direct inter-mermory data transfer method which does not use the
MPI library can be executad.

in addition, the network interface circuit of the sending side uses the send complation
flag addrass to write both the addiional information and control information which
shows the send commplstion. 8¢, the amount of information which the PUT/GETY
cormmunication library should designate for the networl interface circult can be less.
Morsover, the network interface circult in the receiving side uses the recaive completion
address o write the additional information and control information which shows the
receive complation. 8o, the amournt of information included in a PUT message can be
less. As a resull, the congestion of the nstwork can be prevented, and the transfer time
ihrough the nsbwork and the receive tims in the destination slsment processor can be
shortensd. Transfer Ume of a message can be shortened as a wholg. In the prior ant
mathod as mentioned above, the network interface circult 305 neads o access the
local memory six times for the send processing of the two different kinds of dala
{reading of two pieces of transfer control information, reading of two kinds of transfer
data, and wriling of two flags). The nelwork interface circult 305 needs to access the
local memory four mes for the recelve processing (writing of two kinds of transfer data,
and writing of two flags). in the present embodiment, the total number of accesses o
the local memaory of the sending side and the total amount of aceses {o the local
memory of the racelving side ars reduced raspectively 1o four timss and three times.
So, the processing overhsad dus o the local memory accessss can be reduced.

The PUT processing through the MP ibrary was explainsd above but there are other
communications such as GET procassing in which an element procassor of the
sending side felches user data storad in the local memory of the destination slement
processor. The embodiment can be similarly applied also o the GET processing
through the MP1 library, That is, the user dala and the additional information therefor
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can be got {ransferrad} in one message at the same tme by using the MP library
together with the PUT/GETY library, as will be explained below.

Tha user process of the request side issuss a GET reqguest command to the MPI
library. This command designates arguments which are similar to that designated by
the send reguest command explainad above in that the arguments include the address
of requesisd data, the data length and the additional information decided by the MPI
library and so on. The MPI library, the PUT/GET communication library and the network
inferface circult responds 1o this command, and fransfers the GET request messags 10
ihe destination slement processor as in the case of the PUT operation. The send data
address for dala {o be got and the send completion flag for the dala are included in the
message instead of the receive data address and the recelve completion flag address
included in the message at the PUT operation, and neither the user data nor the
additional information are included. The point where the message is different from the
prior art GET request messags is 1o have the mode bit.

The destination element processor reads the user data from the local memory ragion
designated by the data address included in the GET request message, sends back
reads the additional information from the local memory region designated by the send
completion flag address, and sends back {o the processor element of the sending side,
the GET message which contains the user data and the addiional information. The
massage containg the recsive dala address and the receive complstion flag, Aflter
sending the entirely of the message the interconnecting network, the destination
slament processor writes the send completion flag at a location in the local memaory
next to the storags region of the additional information.

The glement processor of the sending side recelves the GET message, writes the user
data in the message into the local memory according 10 the receive dals address inthe
massage, and wriles the additional information in the message into the local memaory
according to the raceive complstion flag addrass in the messags. After the slemeant
processor of the sending side has received all of the user data and the additional
information, # writes the receive completion flag inlo the local memory. The processing
averhead dus to the local memory access can be reduced by reducing the read
frequency of the fransfer control information from the loeal memory and the wriling
frequancy of the flag into the local memory, sven in the GET processing as in the PUT
processing. Moraover, in the prior arl, the user dals and the gdditional information are
iransferred separalsly, but they are transferrsd togethsr in the present embodiment,
S, the latency of the data transfer can be reduced,

MODIFICATIONS AND VARIATIONS

The present invention i not limiled 1o the embodiment shown above, but can be
realized as various modifications or variations, including the following.

For instancs, the exiended size field can be installed in the ransfer conlrol information
stored in the local memory 304, The size of the extended flag region is set info the
axtended size field. When the maode bit is sat, at the send processing, a message is
generated which includes part of the transfer control information, data of the transfer
data length as read from the local memory region according {o the send data address,
and another dala of the size sst in the extended size field as read from the local
mamory region according to the send flag address, and the message is transferred to
the intercomnnscting network 105, In the receive processing, the messags is
disassembled info the header part and the data part. The dals portion in the message
is written by the amount equal 1o the transfer data length, into the local memory region
designated by the receive dala address included in the hsader. Another data portion in
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the message is writlen by the amount equal 1o the size includsed in the axdended size
field, into the local memaory region designatsd by the receive flag addrass included in
the header. When the mode bit is not set, the value sst into the extendsd size fleld is
negiected,

According 1o the data transfer method by the present invention, when the direc! inter-
mamory data transfer is execuisd through the message passing library ks MP, the
user dala and the additiona! information predeterminsd by the message passing library
can be transferrsd In one message. 5o, the data transfer processing can be sxecuted
at high speed.

Morsover, the compuler sysiem according to the present invention has a network
irterface circuit which can generate one message which contains different dala such as

user data and additional information as send data, so the computer system is suilable
o axecute the data transfer mathod.
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Espacenst

Clalms: JPHTTIZ8188 (A) — 1888-05-11

DATA TRANSFER METHOD AND COMPUTER SYSTEM SUITABLE FOR THE
SAME

Claims not avaiiable for JPH11126186 (&)
Claims of corresponding document: USE338085 (B1)

A high quality text as facsimile in your desired language may be available
amongst the following family members:

LIS6338005 (B1).

s Qriginal claims
* Claims treg

Tha EPQO doss not accept any responsibility for the accuracy of data and information
griginating from other authoriies than the EPQ; in particular, the EPO doss not
guaranies that they are complate, up-lo-date or fit for specific purposses.

What is claimed is:

1. A data transfer methoed in a computer system which includes a pluralily of element
processors connscled by an interconnecting network, wherein each slement procsssor
includes a processor, & memory, and a nelwork interface circult for exchanging
messages with sald inferconnecting network, wharsin sach slement processor is
provided with a message passing library for communicating with user processss
running thersin and a direct inter-memory dala transfer library for communicating with
said message passing library and controlling said network interface circuit, said method
comprising the steps oflinforming, by said message passing library provided in an
slemant processor of a sending side, first to fourth pleces of address information and
data length information, {o said direct inter-memaory data transfer ibrary providad in
said element processor of a sending side, in response {0 a dala send request issued by
a user process of a sending side running in sald element processor of a sending side;
wherain said user process designates user dala and additional information to be
fransferred and said data length information, said data length information relating to
said user dala; wherein said additional information comprises a plurality of pleces of
information requirsd 3t transfer of said user dala o 8 user process of a receiving side
running in an slement processor of 8 receiving sids; wherein said first and second
pieces of addrass information designate two storage regions within said memaory of
said element processor of 2 sending side whers sald user dala and said additional
information are storsd; whersin said third and fourth pleces of address information
designate two storage regions within sald memaory of sald element! processorof a
receiving side where said user dala and said additional Information are o be sfored;
requesting said direc! inter-memory data transfer library, by said messags passing
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ibrary, to transfer a message which includes said user dals, said additional information,
said data length information, and sald third to fourth pisces of addrass information;
requesting said network interface circuit of said element processor of a sending side,
by said direct inter-memory dala transfer library, 1o transfer said user data, said
additional information, said dala length information, and said third and fourth pleces of
address information, 1o said slement processor of a rsceiving side, in response 1o said
requesting by said message passing lbrary; reading, by said network interface circuii of
said element processor of a sending side, said user dala and said additional
information from said memaory of said slement processor of a sending side, based on
said first and second plsces of address information; assembling a message, by said
network interface circult of saild element processor of a sending side, send data
included in said message including sald user data and said additional information as
read, a header of said message including said third and fourth pleces of address
information and said data length information; ransferring, by said network interface
circuil, said message to said slement processor of a recsiving side by way of said
interconnecting nebwork; and writing by said nebwork interface clroull in sald slement
processor of said recelving side, said user and said additional information within said
message info two storage regions within sald memory of said element processor of a
raceiving side respectively designalsd by said third and fourth pleces of address
information.

2. A data ransfer method according to claim 1, further comprising the sleps ofwriting
by said network interface circull in said element processor of a sending side after said
message has been ransmifted, control information indicative of send completion at a
storage location in sald memary in sald element processar of 2 sending side which is
designated by sald second plece of address information and has a predetermined
relation {0 one of sald two storage regions whers said additional information is stored;
and writing by sald nelwork interface clrcult In said element processor of sald receiving
side after said user dala and said additional information within said messagse has besn
written info said memory of said slement processor of said receiving sids, control
information indicative of receive completion at a storags location in saild memory in said
element processor of said receiving side having a predetermined relation to ons of said
wo slorage regions which is designated by said fourth piece of address information in
said message and where said additional information has been storad,

3. A data transfer method in a computer system which includes a plurality of element
processors connsclad by an interconnecting network, wharsin sach slemsnt processar
includes a processor, a memory, and a network interface circult Tor exchanging
massages with sald interconnscting nstwork, wherein each slement processor is
provided with a message passing library for communicating with user processes
running therein and a dirsct infer-memaory data transfer library for communicating with
said message passing library and controlling sald network interface circull, said method
comprising the steps ofinforming, by said message passing library provided in an
glament processor of a sending side, first {o fourth pleces of address information and
data length information, to said dirsct inter-memory data transfer Hbrary provided in
said slement processor of a sending side, in response o a data send request lssusd by
a user process of a sending side running in sald slement processor of a sending side;
wherein said user process designates user data and additional information to be
fransferred and said data length information, said data length information relating to
said user dala; whersin said additional information comprises a plurality of pisces of
information required at ransfer of said user data to a user process of 3 raceiving side
running in an slement processor of a receiving side; whaersin said first and second
pieces of address information designals two storage regions within sald memory of
said slemend processor of & sending side where said user dala and said additional
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information are stored; whersin said third and fourth pleces of address information
designate two storage reglons within sald memory of said elament processor of a
receiving side where said user data and said additional information ars 1o be stored;
requesting said direct infer-memory data transfer library, by said message passing
brary, to transfer a massage which includes said user data, said additional information,
said data length information, and said third to fourth pieces of address information;
requesiing said network interface circuil of sald slement processor of a sending side,
by said direct infer-memory dala transfer library, 1o transfer said user data, said
additional information, said dals length information, and said third and fourth pleces of
address information, 1o sald slement processor of a recelving side, In response 10 said
requesting by sald message passing library; reading, by said network interface circult of
said slement processor of a2 sending side, sald user dala and said additional
information from said memory of said slement processor of a sending side, based on
said first and second piaces of address information; assembling 2 massage, by saild
network interface circuit of said slemant processor of a sending side, send data
included in said message including said user data and said additional information as
read, a header of said messags including said third and fourth pleces of address
information and said dats length information; ransferring, by said networld interface
cireuil, said message to said slemant processor of a receiving side by way of said
irterconnecting network; and generating by said direct inter-mamory data transfer
library provided in said slement processor of 8 sending side, transfer control
information which includes said first {o fowrth pleces of addrass information and said
data length information; wherein saild requssting step sxecuted by said direct inter-
mamory data transfer ibrary in sald element processor of 3 sending side to said
network interface oircult in said element processor of a sending side includss a siep of
designating sald transfer controd information.

4. A computer system comprising:a plurality of slement processors; and an
interconnecting network for connacting said plurality of element processors; whersin
gach slement processor includes: a processor, a memory, and a network interface
circuit for exchanging messagses with said interconnecting nstwork; whearein said
natwork interface circult includes: a memory read oircult connected {o sald memory,
and 2 message assembily circult connedcled o said memaory read circuit for ganerating a
message o be transferred o said interconnecting network; whersin said memory read
circuit reads user data and additional information {o be transferrad from sald memory,
respectively based on first and second pleces of addrass information as designated by
said processor; wherein said messags assembly circull generales a messags which
includes a headsr and send data which includes sald user data and said additional
information; whersin said header includes third and fourth pleces of address
information as designated by said processor which indicalss slorage regions in said
mamory in a destination slement processor where said user dala and additional
information within said send dala are 1o be slored, respectively,

5. A computer system comprising:a plurality of slement processors; and an
irferconnecting network for connscling said plurality of slement processors; whaerein
sach slement processor includes: a processor, a memaory, and a netwaork interface
gircuit for sxchanging messages with said interconnecting network; whersin said
network interface circull includes: a mamory read circuit connacted to said memory,
and a messags assembly circuit connscled o said memaory read circuit for generating a
massage o be transferred 1o said interconnecting network; wherain said memory read
cireuit reads user data and additional information (o be transferred from said memory,
respaectively based on first and sscond piaces of address information as designated by
said processor; wherein said message assembily circult generates 3 message which
includes a header and send dala which includes sald user data and said additional
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information, wherein said processor writes said first to fourth pieces of addrass
information in sald memory; wherein said memory read circuit reads said first and
second pieces of address information from said memory; wherain sald memory read
circuit uses sald first and sacond pleces of addrass information as read Tor readout of
said user dala and said additional information, respectively; and wherein said message
asssmbly circuit uses said third and fourth pisces of addrass information for said
header,

&. A computer system according to claim §, wherein said network interface cirouit
includes a clircult for wriling control information indicative of send completion at a
storage lecation in said memory which has a predetermined relation o & slorage region
which is designaled by said second plece of address information and where sald
additional information is storad,

7. A computer syslem according to claim § wherein said memory read circult reads
from said memory, fransfer control information as having been written into said memaory
for sald messags; wherein sald transfer control information includes said first to fourth
pieces of address information, data length information related to said first data, and
other information; wherein said memory read circult uses said first and sacond pieces
of address information and said data length information as included in said transfar
controt information, for readout of said first and second dala; whersin said memory
write circull uses sald sscond pisce of address information to write control information
indicative of send completion; whersin sald message asssmbly circuit uses for said
header, said third and fowrth pisces of addrass information, sald data length information
and said other information as included in said fransfer control information.

8. A computer sysiem, according to claim 7, whersin sald transfer control information
further includes a mode bitiwherein said memory read circult exscutes readout of said
user data and said additional information, when said mode bit is of a first value;
whersin said memory read circult executes readout of said user data and does not
reads out said additional information, when said mode bit is of a second value; whersin
said message assembly circui! generates a massage send data of which includes said
ussr data and said addiions! information, when said mode bit is of said first value, and
genarales a messags send data of which includes said first data bul not said additional
information, when said mode bit is of said second value; wherein said memory write
circuit wriles control information indicative of send complstion, based on said sscond
piece of address information, at a storage lecation in sald memory which has a
predeisrmined relation to said siorags region where said additional information is
stored, when said mode hit is of said first value, and ai a slorage location designated
by said second piece of address information, when said mode bit iz of said second
value.

8. A computer sysiem comprising:a plurality of element processors,; and an
interconnecting network for connecting said plurality of element processors; wharein
gsach slement processor includes: a processor, a memaory, and a netwaork interface
gircuit for exchanging messages with said inferconnecting network; whersin said
network interface circull includes: a mamory read circuit connected to said memory,
and a message asssmbly circuit connscled o said memaory read circuit for generating a
massage o be transferred 1o said interconnecting nebwork; wherain said memory read
circuit reads user data and additional information to be fransferred from said memory,
raspaectively basad on first and second pieces of address information as designated by
said processor; wherein said message assembly circuit generates g message which
includes a header and send dala which includes sald user data and said additional
information, wherein said network interface ciroult further includes: a receive ciroult for
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receiving a message transferrad from another element procassor by way of said
interconnecting network, and angther memaory write circuit; wherein send data in said
received message includes another user data and ancther additional information, and g
header in said recsived message includes another third pisce of address information
and anothsy fourth plece of address information; and wherein said another memory
wrils cirouit wriles said another first data within said received messags inlo said
mamaory, based on sald ancther third pisce of address information within said received
massags, and wriles said ancther additional within saild received messags into said
mamaory, based on sald another fourth plece of address information included in said
raceived message.

10. A compuier system according 1o olaim 8, wherein said another memaory write circuit
writes control information indicative of receive completion of said another user data
after writing said ancther user data and said ancther user within saild received messags
info said mamaory, & a storags location within said memory having a predetermined
refation 1o a slorage region which s designated by saild another fourth piece of address
information within said received message and where said recalved anocther user has
been stored.

1. A computer system according 1o claim 18, whersin said received message further
includes 8 mode bitbwherein sald another memory wrils circull exscules the following
write operations when said mode bit is of 3 first value: (a) & wrile operation to wrils said
another user data and said another additional information within sald received message
o said memory, respeclively based upon sald another third and another fourth pisces
of address information included in said received messags, and {(b) a wrile operation o
write, after said another user data and said another second data within saild recsived
message have besn written, control information indicative of recelve complstion at &
storage location in sald memaory which has a predetemmined relation to 8 siorage region
which is designated by said ancther fourth plece of address information and where said
ancther additional information has been stored; wherein sald another mamory wrile
circuil exscutes the following write operations when said mode bit is of a second value:
{a} a wrile operation o wrile said another user data within said recsived message inlo
said mamory, based upon said another third piece of address information included in
said received message, and (b} a wrile operation 1o write, after said another user dala
within said received message has been writlen, control information indicative of receive
completion at a storage location in said memaory as designated by said ancther fourth
pigce of address information.

12. A compulsr system , comprising:a plurality of slement processors; and an
interconnscting network for connecting said plurality of element processors; whersin
gach element processor includss: & processor, a memaory, and a netwark interface
girouit for sxchanging messages with sald inlercomnscting network; whersin sach
glement processor is provided with a message passing library for communicating with
user processes running therein and a dirsct inler-memaory data transfer library for
communicating with said message passing library and controliing saild natwaork
irterface circult; whersin said messags passing library provided in each slement
processor is programmaed so as o inform first to fourth pleces of address information
and data length information, 1o said direct inter-memory data transfer library provided in
said sach slement procaessor, in response 1o a data send request issued by a user
process of a sending side running in said each slement processor; wherein sald user
process designates user data and additional information 10 be transferred and said data
length information, said data length information relating 1o said user data; whersin said
additional information comprises a plurality of pleces of information required al transfer
of sald user data to a user process of a receiving side running In an element processor
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of a racelving side; wherain said first and second pleces of address information
designate two storage reglons within sald memory of said elament processor of a
sending side where said user dala and said additional information are stored; wherein
said third and fourth pisces of address information designate two storage regions within
said memory of said element procsssor of a receiving side where said user data and
said additional information are io be stored; wherein said message passing library
provided in said each slement processor is further programmead so as o reguest said
direct inler-memory data transfer library 1o transfer a8 message which includas said user
data, said additional information, sald dala length information, and said third {o fourth
pieces of address information; wherein said direct inter-memory data transfer library
provided in said each slement processor s programmed 80 as o request said nebwork
interface circult of sald slement processor 1o transfer said user dala, said additionsl
information, said data length information, and said third and fourth pieces of address
information, {0 said slement processor of a recelving side, in response 1o said
raguesting by sald message passing library; wherain said network interface circuit
includes: 2 memory read circult for reading sald user data and saild additional
information from said memory of said each slement processor, based on said first and
sacond pleces of address information, a message assembly circuit for assembling a
message, send dala included in said message including said user data and said
additional information, a header included in sald message including said other
information and said data length information, and a messags transmit ciroult for
fransferring said messags 1o said element processor of a receiving side by way of said
iterconnacting network; whersin said network interface circult further includes: a
massage receive oircull for receiving from another slement processor, a message
which includes user data, additions! information, and another third and fourth pleces of
addrass information; wherein said network interface circult in said sach slament
processor further includes 8 memaory wrile olrcult for writing said user data and said
additional information included in sald recelved message into two storage regions
respectively designated by sald another third and another fourth pieces of address
information included in said received messags.

13, A computer system according o olalm 12, whersin said network interface circuit in
said each slement processor further includes:ancther memory write circuit for writing,
after sald message has been fransmitied, control information indicative of send
completion at a storage location in said memory in said sach element processor which
has a predetermined relgtion to one of sald two storage regions which is designated by
said sacond pisce of address information and where said additional information is
stored; and a further ancther memory wrile clroult for writing, afler writing by said
memory write oircuill, of said ussr dala and said additional information included In said
recsived message, contral Information indicative of receive at a storage location in said
memory in said each slement processor which has a pradetermined relation to one of
said two storage regions which is designated by said another fourth plece of address
information and where said received additional information is slorsd.
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Electronic Patent Application Fee Transmittal

Application Number: 14181112

Filing Date: 14-Feb-2014

Title of Invention: CLUSTER COMPUTING
First Named Inventor/Applicant Name: Zvi Tannenbaum
Filer: Lance Dean Smemoe
Attorney Docket Number: ZTANN.002P1C3

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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ZTANN.002P1C3 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor : Zvi Tannenbaum

App. No. : 14/181112

Filed :  February 14, 2014

For :  CLUSTER COMPUTING
Examiner . Asres, Hermon

Art Unit 1 2449

Conf. No. : 6874

RESPONSE TO NON-FINAL OFFICE ACTION DATED APRIL 13, 2018

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Commissioner:
In response to the Office Action dated April 13, 2018, please reconsider the rejections in
view of the following remarks.
Amendments to the Claims are reflected in the listing of claims which begins on page 2.
Summary of Interview begins on page 12.

Remarks/Arguments begin on page 13.
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AMENDMENTS TO THE CLAIMS
1. (Canceled)
2. (Currently amended) A computer cluster comprising:

a plurality of nodes, wherein each of the plurality of nodes comprises eemprising

a hardware processor, wherein one or more of the nodes are configured to receive a
command to start a cluster initialization process for the computer cluster, and wherein

each of the nodes is configured to access a non-transitory computer-readable medium

comprising program code for a single-node kernel that, when executed, is capable of

causing the hardware processor to evaluate mathematical expressions;—when—executed;

a mechanism for the nodes to communicate results of mathematical expression

evaluation with each other using a peer-to-peer architecture;

wherein the plurality of nodes comprises:

a first node comprising a first hardware processor configured to access a

first memory comprising program code for a user interface and program code for a

first single-node kernel, the first single-node kernel configured to interpret user

instructions and distribute calls to at least one of a plurality of other nodes for

execution; and

————————————

a second node comprising a second hardware processor with a plurality of

processing cores, wherein the second node is configured to receive calls from the

first node, execute at least a first mathematical expression evaluation, and

communicate a result of the first mathematical expression evaluation to a third

node;

wherein the third node comprises a third hardware processor with a

plurality of processing cores, wherein the third node is configured to receive the

result of the first mathematical expression evaluation from the second node,.

execute at least a second mathematical expression evaluation using the received

result. and communicate the result of the second mathematical expression

evaluation to the first node;
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wherein atleast-one-ofthe-nedes the first node is configured to return atleast-one
the result of the second mathematical expression evaluation to-a-aserinterface-or-a—seript

the user interface.

3. (Previously presented) The computer cluster of claim 2, wherein the single-node
kernel comprises a Mathematica kernel.

4. (Previously presented) The computer cluster of claim 2, wherein the mechanism
comprises a message passing interface.

5. (Previously presented) The computer cluster of claim 2, wherein each of the nodes
comprises one or more cluster node modules.

6. (Previously presented) The computer cluster of claim 2, wherein each single-node
kernel is stored in a non-transitory computer-readable medium and configured to accept and
execute a request.

7. (Previously presented) The computer cluster of claim 6, wherein each of the nodes
comprises one or more cluster node modules, wherein each of the cluster node modules
comprises instructions stored in a non-transitory computer-readable medium, and wherein the
instructions, when executed by the hardware processor, cause the cluster node module to
communicate with the single-node kernel and with one or more other cluster node modules.

8. (Previously presented) The computer cluster of claim 7, wherein the plurality of
cluster node modules act as a cluster.

9. (Previously presented) The computer cluster of claim 7, wherein the plurality of
cluster node modules communicate with one another to act as a cluster.

10. (Previously presented) The computer cluster of claim 9, wherein the computer
cluster includes the user interface.

11. (Previously presented) The computer cluster of claim 10, wherein each cluster
node module accepts instructions from the user interface and interprets one or more of the
instructions.

12. (Previously presented) The computer cluster of claim 2, wherein the cluster

initialization process comprises establishing communication among two or more of the nodes.
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13. (Previously presented) The computer cluster of claim 2, wherein the cluster
initialization process comprises configuring access by one or more of the nodes to a computer-
readable medium comprising program code for the single-node kernel.

14. (Previously presented) The computer cluster of claim 13, wherein the cluster
initialization process comprises establishing message-passing support among the nodes in the
cluster.

15. (Previously presented) The computer cluster of claim 13, wherein the cluster
initialization process comprises launching cluster node modules by the cluster.

16. (Previously presented) The computer cluster of claim 15, wherein the cluster
initialization process comprises assigning a processor identification number to each of the cluster
node modules.

17.  (Previously presented) The computer cluster of claim 2, wherein the cluster
initialization process comprises:

launching cluster node modules by the cluster; and

after launching the cluster node modules, configuring access by one or more of the
nodes to a non-transitory computer-readable medium comprising program code for the
single-node kernel.

18. (Previously presented) The computer cluster of claim 2, wherein the cluster
initialization process comprises:

launching cluster node modules by the cluster;

after launching the cluster node modules, establishing communication among two
or more of the nodes; and

after establishing communication among two or more of the nodes, assigning a
processor identification number to each of the cluster node modules.

19. (Previously presented) The computer cluster of claim 2, wherein one or more of
the nodes are configured to communicate at least some of the user instructions.

20. (Previously presented) The computer cluster of claim 19, wherein one or more of
the nodes are configured to communicate at least some of the user instructions to one or more

single-node kernels.
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21. (Previously presented) The computer cluster of claim 2, wherein one or more of
the nodes are configured to accept user instructions via one or more of the nodes.

22. (Previously presented) The computer cluster of claim 21, wherein one or more of
the nodes are configured to communicate at least some of the user instructions using the
mechanism for the nodes to communicate with each other.

23. (Previously presented) The computer cluster of claim 2, wherein one or more of
the nodes are configured to transmit at least some of the user instructions that originate from a
user interface.

24. (Previously presented) The computer cluster of claim 2, wherein one or more of
the nodes are configured to parallelize at least some of the user instructions before
communicating at least some of the user instructions to one or more single-node kernels.

25.  (Previously presented) The computer cluster of claim 2, wherein one or more of
the nodes are configured to accept user instructions before communicating at least some of the
user instructions to one or more single-node kernels.

26. (Previously presented) The computer cluster of claim 2, wherein one or more of
the nodes are configured to:

accept user instructions;

after accepting user instructions, communicate at least some of the user
instructions using the mechanism for the nodes to communicate with each other; and

after communicating at least some of the user instructions using the mechanism,
communicate at least some of the user instructions to one or more single-node kernels.

27. (Previously presented) The computer cluster of claim 2, wherein the plurality of
nodes are configured to communicate with one another to interpret and translate commands for
execution by a plurality of single-node kernels.

28.  (Currently amended) A computer cluster comprising:

a plurality of nodes, wherein one or more of the nodes are configured to receive:

a command to start a cluster initialization process for the computer cluster,
wherein the cluster initialization process comprises establishing communication
among two or more of the nodes; and

an instruction from a user interface or a script;

-5-
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and

a mechanism for the nodes to communicate results of mathematical expression
evaluation with each other using asynchronous calls;

wherein each of the nodes is configured to access a non-transitory computer-

readable medium comprising program code for a single-node kernel_that, when executed.

is _capable of causing a hardware processor to evaluate mathematical expressions

producerestits-of-mathematieal-expresstopevataation: | and|]

wherein the plurality of nodes comprises:

a first node comprising a first hardware processor configured to access a

first memory comprising program code for a user interface and program code for a

first single-node kernel, the first single-node kernel configured to interpret user

instructions and distribute calls to at least one of a plurality of other nodes for

execution; and

—_— e

a second node comprising a second hardware processor with a plurality of

processing cores, wherein the second node is configured to receive calls from the

first node, execute at least a first mathematical expression evaluation, and

communicate a result of mathematical expression evaluation to a third node;

wherein the third node comprises a third hardware processor with a

plurality of processing cores, wherein the third node is configured to receive the

result of mathematical expression evaluation from the second node, execute at

least a second mathematical expression evaluation using the received result, and

communicate the result of the second mathematical expression evaluation to the

first node;
wherein atleast-one-ofthe-nedes the first node is configured to return atleast-one
the result of the second mathematical expression evaluation to the user interface or the
script.
29. (Previously presented) The computer cluster of claim 28, wherein the
asynchronous calls comprise a first command to create a first packet containing:

an expression to be sent as payload; and

-6-
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a target node where the expression should be sent;

wherein the first command is configured to be called from within a single-node
kernel;

wherein the single-node kernel is configured to send the first packet to a local
cluster node module; and

wherein the local cluster node module is configured to forward the expression to
the target node.
30. (Previously presented) The computer cluster of claim 29, wherein the

asynchronous calls comprise a second command to create a second packet containing:

a location where the expression is expected to be received; and

a sending node from which the expression is expected to be received;

wherein the second command is configured to be called from within a single-node
kernel;

wherein the single-node kernel is configured to send the second packet to a local
cluster node module; and

wherein the local cluster node module is configured to store the second packet
contents in a message receiving queue.
31.  (Currently amended) A computer cluster comprising:

a plurality of nodes, wherein one or more of the nodes are configured to receive:

a command to start a cluster initialization process for the computer cluster,
wherein the cluster initialization process comprises establishing communication
among two or more of the nodes; and

an instruction from a user interface or a script;
and
a mechanism for the nodes to communicate results of mathematical expression

evaluation with each other;
wherein each of the nodes is configured to access a non-transitory computer-

readable medium comprising program code for a single-node kernel that. when executed,

is _capable of causing a hardware processor to evaluate mathematical expressions
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produceresults-of-mathematical-expression-evalaation;[| and]]

wherein the plurality of nodes comprises:

a first node comprising a first hardware processor configured to access a

first memory comprising program code for a user interface and program code for a

first single-node kernel, the first single-node kernel configured to interpret user

instructions and distribute calls to at least one of a plurality of other nodes for

execution; and

a second node comprising a second hardware processor with a plurality of

processing cores, wherein the second node is configured to receive calls from the

first node, execute at least a first mathematical expression evaluation, and

communicate a result of mathematical expression evaluation to a third node;

wherein the third node comprises a third hardware processor with a

plurality of processing cores, wherein the third node is configured to receive the

result of mathematical expression evaluation from the second node, execute at

least a second mathematical expression evaluation using the received result, and

communicate the result of the second mathematical expression evaluation to the

first node;
and
wherein atleast-one-ofthe-nedes-the first node is configured to return atleast-ene

the result of the second mathematical expression evaluation to the user interface or the

script.

32. (Previously presented) The computer cluster of claim 5, wherein each of the
plurality of nodes implements asynchronous calls that enable the single-node kernel to perform
computation tasks while the cluster node modules are simultaneously communicating with one
another.

33. (Previously presented) The computer cluster of claim 5, wherein
intercommunication among the plurality of single-node kernels during thread execution is
enabled by the plurality of cluster node modules, and wherein the computer cluster is configured

to permit exchange of information between nodes during the course of a parallel computation.

-8-
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34. (Previously presented) The computer cluster of claim 5, wherein each of the
single-node kernels are configured to call a send command involving creating a packet
containing:

an expression to be sent as payload; and

where the expression should be sent;

wherein, upon reception of the send command by a local cluster node module
associated with the single-node kernel, the local cluster node module is configured to
decode the packet and forward a payload to the cluster node module specified in the
packet;

wherein each of the single-node kernels is configured to call a receipt command
involving creating a packet specifying which message to test for completion and to then
wait for a reply expression to evaluate;

wherein, upon reception of the receipt command by the local cluster node module
associated with the single-node kernel, the local cluster node module is configured to
decode the packet and use a message specifier to search for any matching expressions
listed as completed in a received message queue;

wherein, upon determining that such a completed expression is found, the local
cluster node module is configured to send the completed expression to a local single-node
kernel associated with the cluster node module in response to the receipt command, and

wherein each of the single-node kernels is configured to receive the completed
expression and to update variables used by the single-node kernel during evaluation of
expressions.

35. (Previously presented) The computer cluster of claim 2, wherein the plurality of
nodes are configured to permit exchange of information between nodes during the course of
parallel computation.

36. (Previously presented) The computer cluster of claim 2, wherein each of the
plurality of nodes comprises instructions executable by the hardware processor and configured to
implement asynchronous behavior, wherein the instructions comprise:

a first instruction to asynchronously send a payload to another node;

a second instruction to asynchronously receive a payload from another node; and

9-
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a third instruction to search for a payload matching a message specifier.

37. (Currently amended) A computer cluster node for evaluating expressions in
parallel with other computer cluster nodes, the computer cluster node comprising:

a hardware processor configured to access one or more non-transitory memory
devices comprising program code for a single-node kernel that, when executed, causes the
hardware processor to interpret user instructions, to evaluate mathematical expressions,
and to produce results of mathematical expression evaluation;

a user connection interface configured to receive a command to start a cluster
initialization process for a computer cluster;[[ and]]

a mechanism to communicate results of evaluation with other computer cluster
nodes using a peer-to-peer architecture;_and

program code that, when executed. is capable of causing the hardware processor

to receive calls from a first node, execute at least a first mathematical expression

evaluation, and communicate a result of mathematical expression evaluation to another

node for use in at least a second mathematical expression evaluation;

wherein the user connection interface is configured to return at least one result of
mathematical expression evaluation to a user interface or a script.

38. (Previously presented) The computer cluster node of claim 37, wherein the one or
more non-transitory memory devices comprise program code for performing a parallel fast
Fourier transform, wherein the program code causes the hardware processor to evaluate a
command to perform a Fourier transform on an array comprising a first data portion that is stored
on the computer cluster node and a second data portion that is not stored on the computer cluster
node.

39. (Previously presented) The computer cluster node of claim 37, wherein the
computer cluster node is configured to permit exchange of information with other computer
cluster nodes during the course of parallel computation.

40. (Previously presented) The computer cluster node of claim 37, wherein the
computer cluster node comprises instructions executable by the hardware processor and
configured to implement asynchronous behavior, wherein the instructions comprise:

a first instruction to asynchronously send a payload to another node;

-10-
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a second instruction to asynchronously receive a payload from another node; and
a third instruction to search for a payload matching a message specifier.
41. (Previously presented) The computer cluster node of claim 37, wherein the

hardware processor comprises a special purpose microprocessor.

-11-
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SUMMARY OF INTERVIEW

Attendees, Date and Type of Interview

An in-person interview was conducted on May 15, 2018 and attended by the Examiner,

Mr. Hermon Asres and the Applicant’s representative, Mr. Lance D. Smemoe (Reg. No. 66,152).

Exhibits and/or Demonstrations

None

Identification of Claims Discussed

Claim 1

Identification of Cited/Disclosed Art Discussed
The art of record, including Block (US 2005/0021751), Singh (US 8,601,101), and
Howard (US 2003/0195938), was discussed.

Proposed Amendments

The Applicant’s representative presented a proposed amendment substantially as set forth

in claim 1 as amended herein.

Principal Arguments and Other Matters

While reserving the right to pursue the subject matter as previously presented in the
claims, the Applicant’s representative argued that the claims as amended distinguished the

references cited in the outstanding office action.

Results of Interview

The Examiner indicated that the proposed amendment when formally filed would
overcome the cited references. The Applicant’s representative will file a response, and the

Examiner will reconsider the allowability of the claims after conducting an updated search.

-12-
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REMARKS
In the Office Action dated April 13, 2018, Claims 2-41 were rejected, as discussed
below. In this Amendment, claims 2, 28, 31, and 37 are amended. No new matter is added. After
the amendments, claims 2-41 remain pending for consideration. Claims 2, 28, 31, and 37 are

independent claims.

In-person Interview
Applicant thanks the Examiner for the courteous and helpful in-person interview held on

May 15, 2018 (summarized above).

Response to Double Patenting Rejection

Claims 2, 28, and 31 are rejected on the ground of non-statutory (obviousness-type)
double patenting over claims 1 and 8 of U.S. Patent No. 8,676,877. Applicant respectfully
requests that the double patenting rejections be held in abeyance until the other rejections are

overcome.

Response to Rejections under 35 U.S.C. § 103

The Office Action rejects Claims 2 and 4-41 under 35 U.S.C. § 103, arguing that they are
unpatentable in view of U.S. Publication No. 2005/0021751 to Block in view of U.S. Patent No.
8,601,101 to Singh and further in view of U.S. Publication No. 2003/0195938 to Howard. The
Office Action rejects Claim 3 under 35 U.S.C. § 103, arguing that it is unpatentable in view of
U.S. Publication No. 2005/0021751 to Block, U.S. Patent No. 8,601,101 to Singh, U.S.
Publication No. 2007/0073705 to Gray, and U.S. Publication 2003/0195938 to Howard.
Applicant respectfully traverses the rejections.

Applicant has amended the independent claims in an effort to advance prosecution of the
application. No new matter is added. The application as filed explains that a first node of a
computer cluster can be connected to a user interface or a script and configured to receive user
instructions from the user interface or the script. E.g., application as filed at Jq [0012], [0025].
The first node can distribute calls to other cluster nodes. E.g., id. at J [0026]. The cluster nodes

can evaluate expressions according to a set of rules. E.g., id. at { [0079]. The application

13-
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describes an intercommunication architecture and functions that permit intermediate results to be
passed from one node to another node without involvement of the first node. E.g., id. at ]
[0027], [0121]. For example, in a non-limiting embodiment, the application describes a function
that allows elements near the edge of a list, which can include intermediate results of evaluation,
to be copied to neighboring processors so that neighboring edges of each node partition can
interact. Id. at qq [0080], [0137]. Results of evaluations can be communicated back to the first
node and returned to the user interface or script. E.g., id. at {{ [0026], [0133].

As explained in the interview of May 15, 2018, the cited references do not disclose the
combination of features recited in the claims as amended. For example, the references even if
combined do not disclose a first node configured to interpret user instructions and distribute calls
to other nodes for execution; a second node configured to receive calls from the first node,
execute at least a first mathematical expression evaluation, and communicate a result to a third
node; and a third node configured to receive the result, execute at least a second mathematical
expression evaluation using the result, and communicate the result of the second mathematical
expression evaluation to the first node, in combination with the other features recited in Claim 2.

Like Claim 2, independent Claims 28, 31, and 37 similarly recite subject matter not
anticipated or rendered obvious by the combination of cited references. The dependent claims are
patentable because each depends directly or indirectly from a patentable independent claim and
because of the additional features recited in each claim. For at least these reasons, Applicant

requests withdrawal of the rejections under 35 U.S.C. § 103.

No Disclaimers or Disavowals

Applicant respectfully submits that the claims are in condition for allowance.
Furthermore, any remarks in support of patentability of one claim should not be imputed to any
other claim, even if similar terminology is used. Any remarks referring to only a portion of a
claim should not be understood to base patentability on that portion or that the limitation
discussed is essential or critical; rather, patentability must rest on each claim taken as a whole.
Applicant respectfully traverses each of the Examiner’s rejections and each of the Examiner’s
assertions regarding what the prior art shows or teaches, even if not expressly discussed herein.

Although the present communication may include alterations to the application or claims, or

-14-
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characterizations of claim scope or referenced art, applicant is not conceding in this application
that previously pending claims are not patentable over the cited references. Rather, any
alterations or characterizations are being made to facilitate expeditious prosecution of this
application. Applicant reserves the right to pursue at a later date any previously pending or other
broader or narrower claims that capture any subject matter supported by the present disclosure,
including subject matter found to be specifically disclaimed herein or by any prior prosecution.
Accordingly, reviewers of this or any parent, child or related prosecution history shall not
reasonably infer that applicant has made any disclaimers or disavowals of any subject matter
supported by the present application.
CONCLUSION

For the foregoing reasons, it is respectfully submitted that the rejections set forth in the
outstanding Office Action are inapplicable to the present claims. Accordingly, issuance of a Notice
of Allowance is requested.

The undersigned has made a good faith effort to respond to all of the rejections in the case
and to place the claims in condition for immediate allowance. Nevertheless, if any undeveloped
issues remain or if any issues require clarification, the Examiner is respectfully requested to call the
undersigned at 949-721-5280.

Please charge any additional fees, including any fees for additional extension of time, or

credit overpayment to Deposit Account No. 11-1410.

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: October 5, 2018 By:/Lance D. Smemoe/
Lance D. Smemoe
Registration No. 66,152
Registered Practitioner
Customer No. 20995
(949) 760-0404

28065276
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INFORMATION DISCLOSURE STATEMENT

First Inventor : Zvi Tannenbaum

App. No. : 14/181112

Filed :  February 14, 2014

For :  CLUSTER COMPUTING
Examiner . Asres, Hermon

Art Unit 1 2449

Conf. No. : 6874

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

References and Listing

Pursuant to 37 CFR 1.56, an Information Disclosure Statement listing references is
provided herewith. Copies of any listed foreign and non-patent literature references are being
submitted. Any foreign references may also include English abstract(s) and/or machine
translation(s), but no representation is made as to their accuracy.

If the Examiner would like additional information regarding these references or if
anything is unclear, the Examiner is invited to contact the undersigned for assistance.
No Disclaimers

To the extent that anything in the Information Disclosure Statement or the listed
references could be construed as a disclaimer of any subject matter supported by the present
application, Applicant hereby rescinds and retracts such disclaimer.
Timing of Disclosure

This Information Disclosure Statement is being filed after receipt of a First Office Action,
but before the mailing date of a Final Action and before the mailing date of a Notice of

Allowance. This Statement is accompanied by the fees set forth in 37 CFR 1.17(p).
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Application No.: 14/181112
Filing Date: February 14, 2014

The Commissioner is hereby authorized to charge any additional fees which may be

required or to credit any overpayment to Account No. 11-1410.

Respectfully submitted,
KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: October 5. 2018 By: /Lance D. Smemoe/
Lance D. Smemoe
Registration No. 66,152
Registered Practitioner
Customer No. 20995
(949) 760-0404

28546233
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PTO/SB/06 (09-11)
Approved for use through 1/31/2014. OMB 0651-0032

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

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

PATENT APPLICATION FEE DETERMINATION RECORD | Aplication or Docket Number | Filing Date |
Substitute for Form PTO-875 14/181,112 02/14/2014 (7o be Mailed
ENTITY: (3 LARGE sMALL (O micro
APPLICATION AS FILED - PART |
(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
(] BasiC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
(] sEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A
E] EXAMINATION FEE
(37 CFR 1.16(0), (p), or (@) NiA NiA N/A
TOTAL CLAIMS . .
(37 CFR 1.16(i)) minus 20 = x 340 -
INDEPENDENT CLAIMS . *
(37 GFR 1.16(h) minus 3 = x $210 =
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Déigufﬁg(o;\; SIZE FEE (37 for small entity) for each additional 50 sheets or
1ots fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART I
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
— 10/05/2018 Z‘E#"EAF'{N'NG ’;H'&"\ﬁgﬁsw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ; *x - —
E (sgcaFRms(u) 40 Minus 40 =0 x $50 = 0
é !27d§%e1h%c?hgt <4 Minus | *** 4 =0 x $230 = 0
< | U Application Size Fee (37 CFR 1.16(s))
(U FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR
1.16())
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
RE/';"F"}'E';‘NG PRNEL\J/'\IAC?LIJESRLY PRESENT EXTRA RATE ($) ADDITIONAL FEE (§)
E AMENDMENT PAID FOR
| Total * i *x - -
= | 37CFR1.160) Minus — x s0 -
O | Independent « : i —
E 370»% 1,16(h) Minus = x $0 =
E Application Size Fee (37 CFR 1.16(s))
] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
“* If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". Moliki | May
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

1/f you need assistance in completing the form, call 1-800-PTO-97199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
14/181,112 02/14/2014 Zvi Tannenbaum ZTANN.002P1C3 6874
20995 7590 05/22/2018
KNOBBE MARTENS OLSON & BEAR LLP | PXAMIYER |
2040 MAIN STREET ASRES, HERMON
FOURTEENTH FLOOR
IRVINE, CA 92614 | ART UNIT | PAPER NUMBER |
UNITED STATES OF AMERICA —

| NOTIFICATION DATE | DELIVERY MODE |
05/22/2018 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

Jjayna.cartee@knobbe.com
efiling @knobbe.com

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

. - . 14/181,112 TANNENBAUM ET AL.
Applicant-Initiated Interview Summary i i
Examiner Art Unit
HERMON ASRES 2449

All participants (applicant, applicant’s representative, PTO personnel):
(1) HEBRMON ASRES. (3)Lance Smemoe (REG NO 66.,152).

@ (G N—

Date of Interview: 15 May 2018.

Type: [ Telephonic [] Video Conference
X Personal [copy given to: [] applicant  [] applicant’s representative]

Exhibit shown or demonstration conducted: [] Yes X No.
If Yes, brief description:

Issues Discussed [J101 [J112 [102 X103 [JOthers

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)
Claim(s) discussed: 1.
Identification of prior art discussed:

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Applicant discussed proposed amendment to independent claim 1 including "wherein the plurality of nodes comprises:
a first node comprising at least one hardware processor confiqured o access a memory comprising program code for a
user interface and program code for a single-node kernel confiqured to interpret user code and distribute computational
instructions to at least one of a plurality of other nodes for execution; a second node comprising at least one hardware
processor with a plurality of processing cores, wherein the second node is confiqured to receive computational
instructions from the first node, execute the instructions, and communicate a result of the computation to at least one
other node; a third node comprising at least one processor with a plurality of processing cores, wherein the third node is
confiqured to receive the result of an executed computation from another node, execute a second computation based in
part on the received result . and communicate the result of the second computation to the first node". Examiner
indicated that the proposed amendment when formally filed would overcome the cited references and also that a search
will be updated. No other agreement was reached.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

X Attachment

/HERMON ASRES/ /NIVEK SRIVASTAVA/
Examiner, Art Unit 2449 Supervisory Patent Examiner, Art Unit 2449

U.S. Patent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20180515
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

—Name of applicant

—Name of examiner

—Date of interview

—Type of interview (telephonic, video-conference, or personal)

—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

—An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— Anindication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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Application No. Applicant(s)

. - . 14/181,112 TANNENBAUM ET AL.
Applicant-Initiated Interview Summary i i
Examiner Art Unit
HERMON ASRES 2449

All participants (applicant, applicant’s representative, PTO personnel):
(1) HEBRMON ASRES. (3)Lance Smemoe (REG NO 66.,152).

@ (G N—

Date of Interview: 15 May 2018.

Type: [ Telephonic [] Video Conference
X Personal [copy given to: [] applicant  [] applicant’s representative]

Exhibit shown or demonstration conducted: [] Yes X No.
If Yes, brief description:

Issues Discussed [J101 [J112 [102 X103 [JOthers

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)
Claim(s) discussed: 1.
Identification of prior art discussed:

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Applicant discussed proposed amendment to independent claim 1 including "wherein the plurality of nodes comprises:
a first node comprising at least one hardware processor confiqured o access a memory comprising program code for a
user interface and program code for a single-node kernel confiqured to interpret user code and distribute computational
instructions to at least one of a plurality of other nodes for execution; a second node comprising at least one hardware
processor with a plurality of processing cores, wherein the second node is confiqured to receive computational
instructions from the first node, execute the instructions, and communicate a result of the computation to at least one
other node; a third node comprising at least one processor with a plurality of processing cores, wherein the third node is
confiqured to receive the result of an executed computation from another node, execute a second computation based in
part on the received result . and communicate the result of the second computation to the first node". Examiner
indicated that the proposed amendment when formally filed would overcome the cited references and also that a search
will be updated. No other agreement was reached.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

X Attachment

/HERMON ASRES/ /NIVEK SRIVASTAVA/
Examiner, Art Unit 2449 Supervisory Patent Examiner, Art Unit 2449

U.S. Patent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20180515
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

—Name of applicant

—Name of examiner

—Date of interview

—Type of interview (telephonic, video-conference, or personal)

—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

—An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— Anindication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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TO: Examiner Hermon Asres
Direct: 571-272-4257
Email: Hermon.Asres@uspto.gov
FROM: Lance Smemoe, Reg. #66,152
RE: Agenda for in-person interview on May 15, 2018 at 2 p.m. Eastern time

Application No.: 14/181112

Attorney Docket No.: ZTANN.002P1C3

INFORMAL DOCUMENT FOR DISCUSSION ONLY - DO NOT ENTER

I Discuss Applicant’s disclosure and claimed inventions
1I. Discuss references cited in Office Action

A. Block et al. (US 2005/0021751)
B. Singh (US 8,601,101)
C. Howard et al. (US 2003/0195938)

I11.  Discuss proposed claim amendments

1. (Canceled)
2. (Currently amended) A computer cluster comprising:

a plurality of nodes comprising a hardware processor, wherein one or more of the
nodes are configured to receive a command to start a cluster initialization process for the
computer cluster, and wherein each of the nodes is configured to access a non-transitory

computer-readable medium comprising program code for a single-node kernel that

executes computational instructions—when—executed.—eauses—thehardwareproeessor—to
Herpre c § H oS, to—va ate—hatnema ar—EeXPpre oRS;,—aha—toProa 1€
of mathematical-expression-evalaation; and

a mechanism for the nodes to communicate results of mathematical expression
evaluation with each other using a peer-to-peer architecture;

wherein the plurality of nodes comprises:

a first node comprising at least one hardware processor configured to

access a memory comprising program code for a user interface and program code

for a single-node kernel configured to interpret user code and distribute

Knobbe
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computational instructions to at least one of a plurality of other nodes for

execution;

a second node comprising at least one hardware processor with a plurality

of processing cores, wherein the second node is configured to receive

computational instructions from the first node. execute the instructions, and

communicate a result of the computation to at least one other node:

a third node comprising at least one processor with a plurality of

processing cores, wherein the third node is configured to receive the result of an

executed computation from another node, execute a second computation based in

part on the received result , and communicate the result of the second computation

to the first node.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
14/181,112 02/14/2014 Zvi Tannenbaum ZTANN.002P1C3 6874
20995 7590 04/13/2018
EXAMINER
KNOBBE MARTENS OLSON & BEAR LLP | |
2040 MAIN STREET ASRES, HERMON
FOURTEENTH FLOOR
IRVINE, CA 92614 | ART UNIT | PAPER NUMBER |
2449
| NOTIFICATION DATE | DELIVERY MODE |
04/13/2018 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

Jjayna.cartee@knobbe.com
efiling @knobbe.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
14/181,112 TANNENBAUM ET AL.

Office Action Summary Examiner Art Unit ATA (First Inventor o File)
HERMON ASRES 2449 SN‘Z*“S

-- 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 3MONTHS 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.
- |f NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

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

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

Status
1)IX] Responsive to communication(s) filed on 08/08/2017.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5)X Claim(s) 2-41 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6)[] Claim(s) is/are allowed.

7)X Claim(s) 2-41 is/are rejected.

8)[1 Claim(s) _____is/are objected to.

9 Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitn /raww.usplo.gov/patenis/init_events/pph/indax.jsp or send an inquiry to PPHfeedback@uspio.qoy.

Application Papers
10)[]] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 02/14/2014 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

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

Continued Examination Under 37 CFR 1.114
A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on August

08, 2017 has been entered.

Claims 2, 28, and 31 have been amended.
Claims 32-41 have been added.

Claims 2-41 are pending.

Response to Arguments

Double Patenting Rejection

The double patenting rejection will not be withdrawn because applicant in
remarks filed on 08/08/2017 indicated that the double patenting rejection be held in

abeyance until the other rejections are overcome.
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35 U.S.C. 103 Rejections

Applicant’s argument filed 08/08/2017 has been fully considered but they are

deemed not persuasive in view of new grounds of rejection.

Double Patenting

The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the claims at issue are not identical, but at least
one examined application claim is not patentably distinct from the reference claim(s)
because the examined application claim is either anticipated by, or would have been
obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d
1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir.
1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum,
686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Viogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory

double patenting ground provided the reference application or patent either is shown to
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be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO internet Web site contains terminal disclaimer forms which may be
used. Please visit http://www.uspto.gov/forms/. The filing date of the application will
determine what form should be used. A web-based eTerminal Disclaimer may be filled
out completely online using web-screens. An eTerminal Disclaimer that meets all
requirements is auto-processed and approved immediately upon submission. For more
information about eTerminal Disclaimers, refer to

http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp.

Claim 2, 28, and 31 are rejected on the ground of nonstatutory double
patenting as being unpatentable over claims 1 and 8 of U.S. Patent No. 8,676,877
in view of Howard et al. (U.S. PGPub 2003/0195938). Although the conflicting
claims are not identical, they are not patentably distinct from each other because:

see table below.

Instant Application US Patent 8,676,877
Claim | Limitation Claim | Limitation
2,28, | A computer cluster comprising: 1and | A system for performing an
and 8 instruction received from a front
31 end by executing commands on

one or more special purpose
microprocessors, the system
comprising:
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a plurality of nodes, comprising a
hardware processor wherein one
or more of the nodes are
configured to receive a command
to start a cluster initialization
process for the computer cluster,
and

wherein each of the nodes is
configured to access a non-
transitory computer-readable
medium comprising program code
for a single-node kernel that when
executed causes the hardware
processor to interpret user
instructions to evaluate

mathematical expressions and to
produce results of mathematical

expression evaluation ; and
a mechanism for the nodes to

communicate results of
mathematical expression
evaluation with each other using a
peer-to-peer architecture;

wherein at least one of the nodes is
configured to return at least one
result of mathematical expression
evaluation to a user interface or a
script

a plurality of nodes, wherein each
node is configured to access a
computer-readable memory system
comprising program code for a
single-node kernel module, ........

wherein each cluster node module
is stored in a computer-readable
memory system and configured to
communicate with a single-node
kernel and with one or more other
cluster node modules, to accept
instructions, and to interpret at
least some of the instructions such
that the plurality of cluster node
modules communicate with one
another in order to act as a cluster
in executing commands using one
or more hardware processors

It is noted that (U.S. Patent No. 8,676,877) teaches substantially the same
limitation as Instant application’s independent claims while failing to teach the limitation
underlined in the table above. However Howard teaches this in paragraph [0017]
“...transmitting an algorithm computation request and associated data from a requesting
host to a home node of a computing system wherein the request includes a requested
number (N) of processing nodes to be applied to computation of the request.

...distributes the computation request (Note: this is the mathematical expression) from

the home node to a plurality of processing nodes wherein the plurality of processing
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nodes includes N processing nodes coupled to the home node and wherein the
distribution is in a hierarchical ordering. Then the method broadcasts the associated
data from the home node to all of the plurality of processing nodes”. Howard in

paragraph [0019] also teaches “...agglomerates a final computation result from partial

computation results received from the plurality of processing nodes wherein the

agglomeration is performed in the reverse order of the hierarchical ordering, and returns

the final computation result from the home node to the requesting host”. Therefore it

would have been obvious to one of ordinary skill in the art at the time the invention was
made to combine these teaching because this enables each remote host to
communicate and parallel process algorithm code and data within the cluster but
without direct communication with individual cluster nodes and/or detailed knowledge of

cluster topology.

Claim Rejections - 35 USC § 103
The following is a quotation of pre-AlA 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.

Claims 2, and 4-41 are rejected under 35 U.S.C. 103(a) as being

unpatentable over Block et al. (U.S. PGPub 2005/0021751) hereinafter Block in
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view of Singh (US Patent 8,601,101) hereinafter Singh and further in view of

Howard et al. (U.S. PGPub 2003/0195938) hereinafter Howard.

As per claim 2, Block teaches a computer cluster (Block, ....cluster data port
services within a cluster infrastructure. See paragraph [0025]) comprising:

a plurality of nodes, comprising a hardware processor wherein one or more of the
nodes are configured to receive a command to start a cluster initialization process for
the computer cluster, and wherein each of the nodes is configured to access a non-
transitory computer-readable medium comprising program code for a single-node
kernel (Block, ..... multiple logical or TCP connections to a designated target node
with designated backup target nodes, which appears to the user (i.e., an
operating system or kernel component) like a single data port or data pipe. See
paragraph [0044]) that when executed causes the hardware processor to interpret user
instructions; and a mechanism for the nodes to communicate with each other. (Block,
establishment of multiple network connections between a source node, a target
node and one or more backup nodes in such a manner that a cluster data port is
effectively utilized as single data port. See paragraph [0025]).

Block doesn’t explicitly teach that the nodes communicate with each other using
a peer-to-peer architecture and also that one of the nodes returns a result to a user
interface or a script. In analogous art Singh teaches nodes that communicate with each
other using a peer-to-peer architecture. (Singh, ....... each node in a cluster including

a peer-to-peer communication channel compiling and maintaining its own cluster
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membership are disclosed....... each cluster node may be coupled to every other
node and commonly-accessible storage through a network. ..... Based on the
cluster membership information, the joining node may request a peer-to-peer
connection with each potential cluster member. See Column 2 line 26-38). Singh
also teaches one of the nodes returns a result to a user interface or a script (Singh, The

cluster configuration service 1510A may include a user interface to allow a

system administrator to perform various node management functions through

administrative console 1500. When the administrator makes changes to the node
240A configuration, the cluster configuration service 1510A may record all of the
modifications that are made. See Column 14 line 61-66).

Therefore it would have been obvious to one of ordinary skill in the art at the time
the invention was made to take the teaching of Singh and apply them on the teaching of
Block because when each node on the cluster communication channel is in peer-to-
peer connection, each node can detect the connection failure based on the socket
communication with the failed node and can update its cluster membership data without
the need for a central entity to pass an updated membership list among nodes. (Singh,
See column 13 line 23-28).

Block-Singh doesn’t explicitly teach that the clusters evaluate mathematical
expressions and produce results of Mathematica expressions. Block-Singh also doesn’t
teach return results of mathematical expression evaluation to a user interface. In
analogous art Howard teaches clusters evaluate mathematical expressions and

produce results of Mathematica expressions (Howard, ...transmitting an algorithm
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computation request and associated data from a requesting host to a home node
of a computing system wherein the request includes a requested number (N) of
processing nodes to be applied to computation of the request. ...distributes the

computation request (Note: this is the mathematical expression) from the home

node to a plurality of processing nodes wherein the plurality of processing nodes
includes N processing nodes coupled to the home node and wherein the
distribution is in a hierarchical ordering. Then the method broadcasts the
associated data from the home node to all of the plurality of processing nodes.
See paragraph [0017]). Howard also teaches return results of mathematical expression

evaluation to a user interface (Howard, ...agglomerates a final computation result

from partial computation results received from the plurality of processing nodes
wherein the agglomeration is performed in the reverse order of the hierarchical

ordering, and returns the final computation result from the home node to the

requesting host. See paragraph [0017]. ...returning the partial result to the
requesting host as a final result in response to further direction to complete
processing of the complex algorithm. See paragraph [0019]).

Therefore it would have been obvious to one of ordinary skill in the art at the time
the invention was made to take the teaching of Howard and apply them on the teaching
of Block-Singh as doing so would enable a cluster of nodes to act as a single machine
to one or more remote host computers outside of the inter-cluster network and also

enables each remote host to communicate and parallel process algorithm code and
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data within the cluster but without direct communication with individual cluster nodes

and/or detailed knowledge of cluster topology. (Howard, see paragraph [0068]).

As per claim 4, the modified Block-Singh-Howard teaches wherein the
mechanism comprises a message passing interface. (Block, a single data port
instance may also support target to source message sends. See paragraph

[0050]).

As per claim 5, the modified Block-Singh-Howard teaches wherein each of the
nodes comprises one or more cluster node modules. (Block, cluster data port
services within a cluster infrastructure to provide reliable and efficient

communications between nodes. See paragraph [0010]).

As per claim 6, the modified Block-Singh-Howard teaches wherein each single-
node kernel is stored in a non-transitory computer-readable medium and configured to
accept and execute a request. (Block, The routines executed to implement
......... operating system or a specific application, component, program, object,
module or sequence of instructions, will also be referred to herein as "computer

program code," or simply "program code."” See paragraph [0039], [0049]).

As per claim 7, the modified Block-Singh-Howard teaches wherein each of the

nodes comprises one or more cluster node modules, wherein each of the cluster node
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modules comprises instructions stored in a non-transitory computer- readable medium
and wherein the instructions when executed by the hardware processor cause the
cluster node module to communicate with the single-node kernel and with one or more
other cluster node modules. (Block, ..... multiple logical or TCP connections to a
designated target node with designated backup target nodes, which appears to
the user (i.e., an operating system or kernel component) like a single data port or

data pipe. See paragraph [0044], [0039]).

As per claim 8, the modified Block-Singh-Howard teaches wherein the plurality of
cluster node modules act as a cluster. (Block, utilize cluster data port services
within a cluster infrastructure to provide reliable and efficient communications

between nodes in a clustered computer system. See paragraph [0010]).

As per claim 9, the modified Block-Singh-Howard teaches wherein the plurality of
cluster node modules communicate with one another to act as a cluster. (Block, Nodes
12, 14 and 16 are typically coupled together via a clustering network 18. See

paragraph [0028]).

As per claim 10, the modified Block-Singh-Howard teaches wherein the computer
cluster includes the user interface. (Block, Cluster manager application 60 that
provides the user interface whereby a user such as a systems administrator can

manage clustering operations in the system. See paragraph [0037]).
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As per claim 11, the modified Block-Singh-Howard teaches wherein each cluster
node module accepts instructions from the user interface and interprets one or more of
the instructions. (Block, Cluster manager application 60 that provides the user
interface whereby a user such as a systems administrator can manage clustering

operations in the system. See paragraph [0037], [0039]).

As per claim 12, the modified Block-Singh-Howard teaches wherein the cluster
initialization process comprises establishing communication among two or more of the
nodes. (Bloack, communications between nodes in a clustered computer system.

See paragraph [0010]).

As per claim 13, the modified Block-Singh-Howard teaches wherein the cluster
initialization process comprises configuring access by one or more of the nodes to a
computer-readable medium comprising program code for the single-node kernel.
(Block, The cluster data port services described hereinafter, on the other hand,
provide an abstracted transport service that encapsulates and manages the
establishment of multiple logical or TCP connections to a designated target node
with designated backup target nodes, which appears to the user (i.e., an
operating system or kernel component) like a single data port or data pipe. See

paragraph [0044]).
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As per claim 14, the modified Block-Singh-Howard teaches wherein the cluster
initialization process comprises establishing message-passing support among the
nodes in the cluster. (Block, data port services may also be configured to provide
synchronous and asynchronous caller send models, as well as support message
encryption. As such, the herein-described services may be used to provide a
general messaging service that allows a varietly of operating system or kernel
components to make use of the services in a clustered environment. See

paragraph [0045]).

As per claim 15, the modified Block-Singh-Howard teaches wherein the cluster
initialization process comprises launching cluster node modules by the cluster. (Block,

see paragraph [0011], [0012]).

As per claim 16, the modified Block-Singh-Howard teaches wherein the cluster
initialization process comprises assigning a processor identification number to each of
the cluster node modules. (Block, Data port internal object 72 also has a data port
address table 78, which stores remote IP address, node ID pairs relating to the
available IP addresses through which a particular node (identified by the node ID)

is coupled to the clustering network. See paragraph [0059]).

As per claim 17, the modified Block-Singh-Howard teaches wherein the cluster

initialization process comprises: launching cluster node modules by the cluster; and
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after launching the cluster node modules, configuring access by one or more of the
nodes to a non-transitory computer-readable medium comprising program code for the
single-node kernel. (Block, data port services may also be configured to provide
synchronous and asynchronous caller send models, as well as support message
encryption. As such, the herein-described services may be used to provide a
general messaging service that allows a variety of operating system or kernel
components to make use of the services in a clustered environment. See

paragraph [0045]).

As per claim 18, the modified Block-Singh-Howard teaches wherein the cluster
initialization process comprises: launching cluster node modules by the cluster; after
launching the cluster node modules, establishing communication among two or more of
the nodes; (Block, a cluster data port consistent with the invention may be used to
facilitate the transfer of large volumes of data between a source node and
specified target nodes in a clustering environment. See paragraph [0012]) and
after establishing communication among two or more of the nodes, assigning a
processor identification number to each of the cluster node modules. (Block, Data port
internal object 72 also has a data port address table 78, which stores remote IP
address, node ID pairs relating to the available IP addresses through which a
particular node (identified by the node ID) is coupled to the clustering network.

See paragraph [0059]).
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As per claim 19, the modified Block-Singh-Howard teaches wherein one or more
of the nodes are configured to communicate at least some of the user instructions.
(Block, establishment of multiple network connections between a source node, a
target node and one or more backup nodes in such a manner that a cluster data

port is effectively utilized as single data port. See paragraph [0025], [0044]).

As per claim 20, the modified Block-Singh-Howard teaches wherein one or more
of the nodes are configured to communicate at least some of the user instructions to
one or more single-node kernel. (Block, .....multiple logical or TCP connections to a
designated target node with designated backup target nodes, which appears to
the user (i.e., an operating system or kernel component) like a single data port or

data pipe. See paragraph [0044]).

As per claim 21, the modified Block-Singh-Howard teaches wherein one or more
of the nodes are configured to accept user instructions via one or more of the nodes.

(Block, see paragraph [0025], [0044]).

As per claim 22, the modified Block-Singh-Howard teaches wherein one or more
of the nodes are configured to communicate at least some of the user instructions using
the mechanism for the nodes to communicate with each other. (Block, see paragraph

[0025], [0044]).
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As per claim 23, the modified Block-Singh-Howard teaches wherein one or more
of the nodes are configured to transmit at least some of the user instructions that
originate from a user interface. (Singh, The cluster configuration service 1510A may
include a user interface to allow a system administrator to perform various node
management functions through administrative console 1500. When the
administrator makes changes to the node 240A configuration, the cluster
configuration service 1510A may record all of the modifications that are made.

See Column 14 line 61-66).

As per claim 24, the modified Block-Singh-Howard teaches wherein one or more
of the nodes are configured to parallelize at least some of the user instructions before
communicating at least some of the user instructions to one or more single-node
kernels. (Block, .....multiple logical or TCP connections to a designated target
node with designated backup target nodes, which appears to the user (i.e., an
operating system or kernel component) like a single data port or data pipe. See

paragraph [0044]).

As per claim 25, the modified Block-Singh-Howard teaches wherein one or more
of the nodes are configured to accept user instructions before communicating at least
some of the user instructions to one or more single-node kernels. (Singh, The cluster
configuration service 1510A may include a user interface to allow a system

administrator to perform various node management functions through
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administrative console 1500. When the administrator makes changes to the node
240A configuration, the cluster configuration service 1510A may record all of the

modifications that are made. See Column 14 line 61-66).

As per claim 26, the modified Block-Singh-Howard teaches wherein one or more
of the nodes are configured to: accept user instructions; after accepting user
instructions, communicate at least some of the user instructions using the mechanism
for the nodes to communicate with each other; (Block, see paragraph [0025], [0044])
and after communicating at least some of the user instructions using the mechanism,
communicate at least some of the user instructions to one or more single-node kernels.
(Block, ..... multiple logical or TCP connections to a designated target node with
designated backup target nodes, which appears to the user (i.e., an operating
system or kernel component) like a single data port or data pipe. See paragraph

[0044]). (Also see Singh Column 14 line 61-66).

As per claim 27, the modified Block-Singh-Howard teaches wherein the plurality
of nodes are configured to communicate with one another to interpret and translate
commands for execution by a plurality of single-node kernels. (Block, ..... multiple
logical or TCP connections to a designated target node with designated backup
target nodes, which appears to the user (i.e., an operating system or kernel
component) like a single data port or data pipe. See paragraph [0044]). (Also see

Singh Column 14 line 61-66).
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As per claim 28, Block teaches a computer cluster comprising: a plurality of
nodes, (Block, ....cluster data port services within a cluster infrastructure. See
paragraph [0025]) wherein one or more of the nodes are configured to receive:

a command to start a cluster initialization process for the computer cluster,
wherein the cluster initialization process comprises establishing communication among
two or more of the nodes; (Block, establishment of multiple network connections
between a source node, a target node and one or more backup nodes in such a
manner that a cluster data port is effectively utilized as single data port. See
paragraph [0025]).

and a mechanism for the nodes to communicate with each other using
asynchronous calls; wherein each of the nodes is configured to access a non-transitory
computer- readable medium comprising program code for a single-node kernel
configured to interpret user instructions; and wherein at least one of the nodes is
configured to return a result to the user interface or the script. (Block, ..... multiple
logical or TCP connections to a designated target node with designated backup
target nodes, which appears to the user (i.e., an operating system or kernel
component) like a single data port or data pipe. See paragraph [0044]).

Block doesn’t explicitly teach receiving an instruction from a user interface or a
script. In analogous art Singh teaches receiving instruction from a user interface in a
computer cluster. (Singh, The cluster configuration service 1510A may include a
user interface to allow a system administrator to perform various node

management functions through administrative console 1500. When the
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administrator makes changes to the node 240A configuration, the cluster
configuration service 1510A may record all of the modifications that are made.
See Column 14 line 61-66).

Therefore it would have been obvious to one of ordinary skill in the art at the time
the invention was made to take the teaching of Singh and apply them on the teaching of
Block because it would allow a system administrator to perform various node
management functions through administrative console. (Singh, ... allow a system
administrator to perform various node management functions through
administrative console 1500. When the administrator makes changes to the node
240A configuration, the cluster configuration service 1510A may record all of the
modifications that are made. See column 14 line 61-66).

Block-Singh doesn’t explicitly teach that the clusters evaluate mathematical
expressions and produce results of Mathematica expressions. Block-Singh also doesn’t
teach return results of mathematical expression evaluation to a user interface. In
analogous art Howard teaches clusters evaluate mathematical expressions and
produce results of Mathematica expressions (Howard, ...transmitting an algorithm
computation request and associated data from a requesting host to a home node
of a computing system wherein the request includes a requested number (N) of

processing nodes to be applied to computation of the request. ...distributes the

computation request (Note: this is the mathematical expression) from the home

node to a plurality of processing nodes wherein the plurality of processing nodes

includes N processing nodes coupled to the home node and wherein the
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distribution is in a hierarchical ordering. Then the method broadcasts the
associated data from the home node to all of the plurality of processing nodes.
See paragraph [0017]). Howard also teaches return results of mathematical expression

evaluation to a user interface (Howard, ...agglomerates a final computation result

from partial computation results received from the plurality of processing nodes
wherein the agglomeration is performed in the reverse order of the hierarchical

ordering, and returns the final computation result from the home node to the

requesting host. See paragraph [0017]. ...returning the partial result to the
requesting host as a final result in response to further direction to complete
processing of the complex algorithm. See paragraph [0019]).

Therefore it would have been obvious to one of ordinary skill in the art at the time
the invention was made to take the teaching of Howard and apply them on the teaching
of Block-Singh as doing so would enable a cluster of nodes to act as a single machine
to one or more remote host computers outside of the inter-cluster network and also
enables each remote host to communicate and parallel process algorithm code and
data within the cluster but without direct communication with individual cluster nodes

and/or detailed knowledge of cluster topology. (Howard, see paragraph [0068]).

As per claim 29, the modified Block-Singh-Howard teaches wherein the
asynchronous calls comprise a first command to create a first packet containing: an
expression to be sent as payload; and a target node where the expression should be

sent; (Block, provide synchronous and asynchronous caller send models, as well
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as support message encryption. As such, the herein-described services may be
used to provide a general messaging service that allows a variety of operating
system or kernel components to make use of the services in a clustered
environment. See paragraph [0045]) wherein the first command is configured to be
called from within a single-node kernel; wherein the single-node kernel is configured to
send the first packet to a local cluster node module; and wherein the local cluster node
module is configured to forward the expression to the target node (Block, ..... multiple
logical or TCP connections to a designated target node with designated backup
target nodes, which appears to the user (i.e., an operating system or kernel
component) like a single data port or data pipe. See paragraph [0044]). (Also see

Singh Column 14 line 61-66).

As per claim 30,

[Rejection rational for claim 29 is applicable].

As per claim 31,

[Rejection rational for claim 2 and 28 is applicable].

As per claim 32, the modified Block-Singh-Howard teaches the computer cluster
of claim 5, wherein each of the plurality of nodes implements asynchronous calls that
enable the single-node kernel to perform computation tasks while the cluster node

modules are simultaneously communicating with one another. (Block, ...cluster data
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port services may also be configured to provide synchronous and asynchronous

caller send models, as well as support message encryption. As such, the herein-
described services may be used to provide a general messaging service that
allows a variety of operating system or kernel components to make use of the

services in a clustered environment. See paragraph [0045]).

As per claim 33, the modified Block-Singh-Howard teaches the computer cluster
of claim 5, wherein intercommunication among the plurality of single-node kernels
during thread execution is enabled by the plurality of cluster node modules, and wherein
the computer cluster is configured to permit exchange of information between nodes
during the course of a parallel computation (Block, The cluster data port services
described hereinafter, on the other hand, provide an abstracted transport service
that encapsulates and manages the establishment of multiple logical or TCP
connections to a designated target node with designated backup target nodes,
which appears to the user (i.e., an operating system or kernel component) like a

single data port or data pipe. See paragraph [0044]).

As per claim 34, the modified Block-Singh-Howard teaches the computer cluster
of claim 5, wherein each of the single-node kernels are configured to call a send
command involving creating a packet containing: an expression to be sent as payload;
(Block, ..... multiple logical or TCP connections to a designated target node with

designated backup target nodes, which appears to the user (i.e., an operating
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system or kernel component) like a single data port or data pipe. See paragraph
[0044]) and where the expression should be sent; wherein, upon reception of the send
command by a local cluster node module associated with the single-node kernel, the
local cluster node module is configured to decode the packet and forward a payload to
the cluster node module specified in the packet; (Block, ...message M1 is transmitted
between the sockets on the source and target nodes. Upon receipt of the
message, the socket reports to the data port of the target node that the record is
complete (i.e., the message has been received and stored in a record of an IOCP
queue). See paragraph [0084]) wherein each of the single-node kernels is configured
to call a receipt command involving creating a packet specifying which message to test
for completion and to then wait for a reply expression to evaluate; wherein, upon
reception of the receipt command by the local cluster node module associated with the
single-node kernel, the local cluster node module is configured to decode the packet
and use a message specifier to search for any matching expressions listed as
completed in a received message queue; (Block, The data port notifies the user on
the target node that such data has been received via a callback function
rcvddata(M1,SN), where SN is the sequence number of the message. The user
then processes the received message, and initiates the communication of an
acknowledgment to the source node via a sendack(SN,RC) call to the data port,
with RC storing a return code appropriate for the message. See paragraph [0084])
wherein, upon determining that such a completed expression is found, the local cluster

node module is configured to send the completed expression to a local single- node
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kernel associated with the cluster node module in response to the receipt command,
and wherein each of the single-node kernels is configured to receive the completed
expression and to update variables used by the single-node kernel during evaluation of
expressions (Block, Once the acknowledgment is received by the socket, the
socket notifies the data port that N acknowledgments have been received (to
account for the possibility that multiple acknowledgments may be received). In
response to such notification, the data port issues a callback function to the user
to free the buffer allocated for the message M1, and to forward the return code RC

generated by the target node. See paragraph [0085]).

As per claim 35, the modified Block-Singh doesn’t explicitly teach the computer
cluster of claim 2 wherein the plurality of nodes are configured to permit exchange of
information between nodes during the course of parallel computation. In analogous art
Howard teaches the computer cluster of claim 2 wherein the plurality of nodes are
configured to permit exchange of information between nodes during the course of
parallel computation (Howard, ...parallel computing by providing methods and
systems for configuration of and operation of a Howard Cascade (HC). Algorithm
computation requests are transmitted to a home node of a HC and distributed
(cascaded) through nodes of the HC to expand the algorithm computation
request to a desired number of processing nodes. See paragraph [0013]).

Therefore it would have been obvious to one of ordinary skill in the art at the time

the invention was made to take the teaching of Howard and apply them on the teaching
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of Block-Singh as doing so would enable a cluster of nodes to act as a single machine
to one or more remote host computers outside of the inter-cluster network and also
enables each remote host to communicate and parallel process algorithm code and
data within the cluster but without direct communication with individual cluster nodes

and/or detailed knowledge of cluster topology. (Howard, see paragraph [0068]).

As per claim 36, the modified Block-Singh-Howard teaches the computer cluster
of claim 2, wherein each of the plurality of nodes comprises instructions executable by
the hardware processor and configured to implement asynchronous behavior, wherein
the instructions comprise: a first instruction to asynchronously send a payload to
another node; (Block, The cluster data port services may rely on sockets
asynchronous I/O completion ports (IOCPs) to minimize the number of tasks
required to support the service, given the potential for multiple logical or TCP
connections being established between nodes. The services may also provide the
structure to support asynchronous sends, receive callbacks, and improve
efficiency for load balancing sends across multiple TCP connections. Enhanced
socket support coupled with cluster data port services may also insure that
ordered message delivery is maintained in spite of load balanced messaging
across multiple connections simultaneously. See paragraph [0051]) a second
instruction to asynchronously receive a payload from another node; and a third
instruction to search for a payload matching a message specifier. (Block, ...cluster

data port services may also be configured to provide synchronous and
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asynchronous caller send models, as well as support message encryption. As
such, the herein-described services may be used to provide a general messaging
service that allows a variety of operating system or kernel components to make

use of the services in a clustered environment. See paragraph [0045]).

As per claim 37,

[Rejection rational for claim 2 and 28 is applicable].

As per claim 38, the modified Block-Singh doesn’t explicitly teach the computer
cluster node of claim 37, wherein the one or more non-transitory memory devices
comprise program code for performing a parallel fast Fourier transform, wherein the
program code causes the hardware processor to evaluate a command to perform a
Fourier transform on an array comprising a first data portion that is stored on the
computer cluster node and a second data portion that is not stored on the computer
cluster node. In analogous art Howard teaches the computer cluster node of claim 37,
wherein the one or more non-transitory memory devices comprise program code for
performing a parallel fast Fourier transform, wherein the program code causes the
hardware processor to evaluate a command to perform a Fourier transform on an array
comprising a first data portion that is stored on the computer cluster node and a second
data portion that is not stored on the computer cluster node (Howard, Decomposition
of Parallel Processing Data for Two-Dimensional Convolution Using Fast Fourier

Transforms, see paragraph [0437], a two-dimensional convolution using Fast
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Fourier Transforms may be patrtitioned on a HC. The partitioning can handle an
arbitrary number of parallel processing nodes and arbitrarily large images see
paragraph [0438], [0439]).

Therefore it would have been obvious to one of ordinary skill in the art at the time
the invention was made to take the teaching of Howard and apply them on the teaching
of Block-Singh as doing so would enable a cluster of nodes to act as a single machine
to one or more remote host computers outside of the inter-cluster network and also
enables each remote host to communicate and parallel process algorithm code and
data within the cluster but without direct communication with individual cluster nodes

and/or detailed knowledge of cluster topology. (Howard, see paragraph [0068]).

As per claim 39,

[Rejection rational for claim 35 is applicable].

As per claim 40,

[Rejection rational for claim 36 is applicable].

As per claim 41, the modified Block-Singh doesn't explicitly teach the computer
cluster node of claim 37 wherein the hardware processor comprises a special purpose
microprocessor. In analogous art Howard teaches the computer cluster node of claim
37 wherein the hardware processor comprises a special purpose microprocessor

(Howard, ...a first processor 420 connected to a second processor 422 via a
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single communication channel 424. (Note: this are special purpose processors)
Multiple parallel channels of expansion, on the other hand, consist of multiple
computer processors and multiple communication channels, as shown in FIG. 33.
Processor 430 and processor 432 of processing node 112 are connected to
processor 34 and processor 436 of processing node 114 by two communication
channels 438 and 440, respectively. Other parallel channel configurations follow
and may be implemented such that a HC moves data as efficiently as desired. See
paragraph [0167]).

Therefore it would have been obvious to one of ordinary skill in the art at the time
the invention was made to take the teaching of Howard and apply them on the teaching
of Block-Singh as doing so would enable a cluster of nodes to act as a single machine
to one or more remote host computers outside of the inter-cluster network and also
enables each remote host to communicate and parallel process algorithm code and
data within the cluster but without direct communication with individual cluster nodes

and/or detailed knowledge of cluster topology. (Howard, see paragraph [0068]).

Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over Block
et al. (US PGPub 2005/0021751) hereinafter Block in view of Singh (US Patent
8,601,101) hereinafter Singh and further in view of Gray (USPGPub 2007/0073705)

and further in view of Howard et al. (U.S. PGPub 2003/0195938) herein Howard.
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As per claim 3, Block-Singh-Howard teaches the computer cluster of claim 2 but
doesn’t teach a Mathematica kernel. In analogous art Gray teaches a Mathematica
kernel. (Gray, The front end may include an interactive document referred to as a
notebook similar to those often used with MATHEMATICA.RTM. software
systems. A notebook may include input to be sent to the kernel 104 and output
received from the kernel, as well as text, graphics, palettes, etc. see paragraph
[0031]).

Therefore it would have been obvious to one of ordinary skill in the art at the time
the invention was made to take the teaching of Gray and apply them on the teaching of
Block-Singh-Howard because the kernel and the front end may be implemented on a
same computing system or on different computing systems that are communicatively

coupled to one another. (Gray, see paragraph [0030]).

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to HERMON ASRES whose telephone number is
(671)272-4257. The examiner can normally be reached on Monday - Friday 7:30 am to
5:00 pm est.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request

(AIR) at http://www.uspto.gov/interviewpractice.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, VIVEK SRIVASTAVA can be reached on 571-272-7304. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/HERMON ASRES/
Examiner, Art Unit 2449
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