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METHODS AND APPARATUS FOR PARALLEL EXECUTION OF A PROCESS

Cross Reference to Related Applications

This application claims the benefit under 35 U.S.C. §119(e) of co-pending U.S.
Provisional Application Serial No. 60/623,682, filed October 29, 2004, entitled “A
Method And System For An Interactive Parallel Programming Environment” by Long

Yin Choy, et. al., the contents of which are incorporated herein by reference.

Field of the Invention

The present invention relates to providing parallel processing capability.

Description of the Related Art

A Parallel computing is the concurrent use of multiple processors to solve a
computational problem. Large problems may take significant time to solve or may be
impossible to solve using only a single processor. Thus, such problems may be divided
among multiple processors, each of which solves a portion of the problem.

However, writing program code to solve a computational problem in parallel may
present challenges. For eXample, a programmer may have to devise a complex algorithm
to determine an efficient way in which to divide the problem up among the multiple
processors, how memory should be allocated and shared among these processors, and
how messages should be passed between processors.

As used herein, the term "computer program" refers to a related set of statements
or instructions to be used directly or indirectly in a computer in order to bring about a -
certain result. Different portions of the same computer program may be stored in
different files and/or on different computers.

The programmer may also wish to employ pre-existing parallel computing
software packages, such as, for example, parallel virtual machine (PVM) or message
passing interface (MPI) packages, so that routines for sharing data between processors,
spawning additional processes, and other general parallel computing tasks need not be
coded from scratch. Thus, the programmer may have to be familiar with such software

packages.
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Summary
One aspect of the invention is directed to a method of processing a computer

program that manipulates a data structure stored on a parallel server comprising a
plurality of processors, wherein a portion of the data structure is stored on each of the
plurality of processors. The method comprises acts of: (a) executing a first routine based
on code in the computer program that causes a first request to perform a first operation
on the data structure to be sent to the parallel server, wherein the first routine is a routine
that overloads a serial routine that, when executed, causes the first operation to be
performed serially; and (b) executing a second routine based on code in the computer
program that causes a second request to be sent to the parallel server, wherein the second
request includes an instruction to at least one specific processor of the plurality of
processors to perform a second operation on the portion of the data structure stored on
the at least one specific processor. Another aspect is directed to at least one computer
readable medium encoded with instructions that, when executed on a computer system,
perform the above-described method.

A further aspect is directed to a computer that executes a computer program for
manipulating a data structure stored on a parallel server comprising a plurality of
processors, wherein a portion of the data structure is stored on each of the plurality of
processors. The computer comprises: an output for sending data to the parallel server;
and at least one controller, coupled to the output that: (a) executes a first routine based on
code in the computer program that causes a first request to perform a first operation on
the data structure to be sent to the parallel server, via the output, wherein the first routine -
is a routine that overloads a serial routine that, when executed, causes the first operation
to be performed serially; and (b) executes a second routine based on code in the
computer program that causes a second request to be sent to the parallel server, via the
output, wherein the second request includes an instruction to at least one specific
processor of the plurality of processors to perform a second operation on the portion of
the data structure stored on the at least one specific processor.

Another aspect is directed to a method of processing a computer program written
in an interpreted programming language that manipulates a data structure stored on a
parallel server comprising a plurality of processors, wherein a portion of the data

structure is stored on each of the plurality of processors. The method comprises acts of:
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(a) executing a first routine based on code in the computer program that causes a first
request to perform a first operation on the data structure to be sent to the parallel server;
and (b) executing a second routine based on code in the computer program that causes a
second request to be sent to the parallel server, wherein the second request includes an
instruction to at least one specific processor of the plurality of processors to perform a
second operation on the portion of the data structure stored on the at least one specific
processor. A further aspect is directed to at least one computer readable medium
encoded with instructions that, when executed on a computer system, perform the above-
described method.

Another aspect is directed to a computer that executes a computer program
written in a interpreted programming language for manipulating a data structure stored
on a parallel server comprising a plurality of processors, wherein a portion of the data
structure is stored on each of the plurality of processors. The computer comprises: an
output for sending data to the parallel server; and at least one controller, coupled to the
output that: (a) executes a first routine based on code in the computer program that
causes a first request to perform a first operation on the data structure to be sent to the
parallel server, via the output; and (b) executes a second routine based on code in the
computer program that causes a second request to be sent to the parallel server, via the
output, wherein the second request includes an instruction to at least one specific
processor of the plurality of processors to perform a second operation on the portion of
the data structure stored on the at least one specific processor.

A further aspect is directed to a method of processing a computer program that
manipulates a data structure stored on a parallel server comprising a plurality of
processors, wherein a portion of the data structure is physically stored on each of the
plurality of processors. The method comprises acts of: (a) executing a first routine based
on code in the computer program that causes a first request to perform a first operation
on the data structure to be sent to the parallel server; and (b) executing a second routine
based on code in the computer program that causes a second request to be sent to the
parallel server, wherein the second request defines an abstract splitting of the data
structure that defines a plurality of abstract portions of the data structure, and wherein the
second request includes an instruction to perform a second operation on at least one of

the plurality of abstract portions.
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Brief Description of the Drawings

Figure 1A is a block diagram of a system in which global operations on data may
be performed;

Figure 1B is a block diagram of a system in which local operations on data may
be performed;

Figure 2 is a block diagram of a system adaptable to perform a process of a
scientific computing software application in parallel, in accordance with some
embodiments for practicing the teachings herein;

Figure 3 is a block diagram of an example of parallel server that executes the
server software of Figure 2, in accordance with the methods and systems as taught
herein;

Figure 4 is a block diagram of an example of parallel server that executes the
server software of Figure 2, in accordance with the methods and systems as taught
herein;

Figure 5 is a block diagram of an object that reference local data in accordance
with the methods and systems as taught herein;

Figure 6 is a block diagram of a matrix row-distributed on a parallel server.

Figure 7A is a diagram of a stencil-splitting of a matrix in accordance with the
methods and systems taught herein; and

Figure 7B is a diagram of a multi-grid splitting of a matrix in accordance with the

methods and systems taught herein.

Detailed Description

Many programmers have existing computer programs or computer code that was
originally designed to be run serially (i.e., on a single processor). Applicants have
appreciated that it often may be desirable to use such serial computer program code in
the context of a parallel computing platform, to take advantage of parallel processing
capabilities. Achieving this goal, however, is non-trivial.

More specifically, Applicants have appreciated that, in a parallel computing
environment, a user may wish to treat data in different ways within the same parallel

program. Thus, a user may wish to take a “global” view of the data, in which an object
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stored on the parallel server is viewed by the user as a single object, even though the
object may be distributed across multiple processors of the parallel computer. As used
herein, the term “processor” refers to a processor core and its associated components.
Thus, a single integrated circuit or chip that has multiple processor cores may be
considered to be multiple processors. Thus, for example, an integrated circuit or chip
with two processor cores may be considered to be two processors, an integrated circuit or
chip with four processor cores may be considered to be four processors, and an
integrated circuit or chip with n processor cores may be considered to be n processors.

Thus, the user need not be aware of how the object is distributed amongst the
multiple processors of the parallel server or what action each individual processor takes
to perform an operation on the object in parallel. An example of a series of global view
operations is provided in Figure 1A.

The system of Figure 1A includes a parallel server 101 and a client 103, which
sends commands to and receives results from parallel server 101. Parallel server 101
includes three processors, 105a, 105b, and 105c, t}iough a user sending global view
commands to parallel server 101 through client 103 need not be aware of the number of
processors being used in parallel server 101. As shown in Figure 1A, client 103 may
create a Matrix A on parallel server 101, which may be, for example, a 3x2 matrix of
integer values. Parallel server 101 may distribute the data of Matrix A amongst
processors 105a, 105b, and/or 105¢ in any suitable way and the user need not be aware of
how this data is distributed or that it is distributed.

For example, parallel server 101 may row-distribute the data, such that each
processor stores one row of Matrix A. That is, processor 105a may store element (0,0)
and element (0,1), processor 105b may store element (1,0) and element (1,1) and
processor 105¢ may store element (2,0) and element (2,1). Alternatively, the parallel
server may column-distribute the data so that each column of Matrix A is stored on one
of the processors 105 of parallel server 101. For example, element (0,0), element (1,0),
and element (2,0) may be stored on processor 105a, while element (0,1), element (1,1),
and element (2,1) may be stored on processor 105b. Any other suitable distribution of
data may be used, as the invention is not limited in this respect.

It should be appreciated that when data is referred to herein as being stored on a

particular processor or a particular processor is referred to as storing data, this does not
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require that the data be physically stored on the processor. Rather, data being stored on a
processor or a processor storing data means that the data is stored in memory that is
allocated to or under control of the processor. Likewise, when data is referred to herein
as being distributed amongst processors, it is not required that the data be physically
stored on the processors, but rather means that the data is stored in one or more
memories and each processor is allocated or controls memory that stores at least a
portion of the data.

From the user’s global view perspective, the manner in which Matrix A is
distributed amongst the processors 105 is irrelevant. Client 103 may subsequently create
a second matrix, Matrix B, on the parallel server. Matrix B may, for example, also be a
3x2 matrix of integer values and may also be distributed amongst processors 105 in any
suitable way. Matrix A and Matrix B need not be distributed amongst the processors in
the same way. For example, the parallel server may row-distribute Matrix A, but may
column-distribute Matrix B. However, like Matrix A, the manner in which Matrix B is
distributed amongst the processors 105 is irrelevant when taking a global view of the
data.

Client 103 may next send a command to parallel server 101 to add Matrix A and
Matrix B and store the result in a third matrix, Matrix C. Because the user is unaware of
how Matrix A and Matrix B are distributed amongst processors 105, the user is unable to
instruct each processor on what action to take to add Matrix A and Matrix B. However,
parallel server 101 is aware of how these matrices are distributed. Thus, when parallel
server 101 receives the command to add Matrix A and Matrix B, each processor 105 may
be instructed to take the appropriate actions to add the two matrices. For example, if
both Matrix A and Matrix B are row distributed, processor 105a may be instructed to add
the content of cells Matrix A(0,0) and Matrix B(0,0) (hereinafter, simply referred to as
adding the referenced cells) and to add Matrix A(0,1) and Matrix B(0,1). Likewise,
processor 105b may be instructed to add Matrix A(1,0) and Matrix B(1,0) and to add
Matrix A(1,1) and Matrix B(1,1). Similarly, processor 105¢c may be instructed to add
Matrix A(2,0) and Matrix B(2,0) and to add Matrix A(2,1) and Matrix B(2,1). The result
of the addition of Matrix A and Matrix B is a 3x2 row-distributed matrix (i.e., Matrix C).
Parallel server 101 may return a pointer or handle that the client may use to refer to

Matrix C. Client 103, using the pointer or handle returned from parallel server 101, may
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subsequently request that parallel server return Matrix C to the client. In response,
parallel server 103 may instruct each processor 105 to return the portion of Matrix C that
it stores. Thus, for example, processor 105a may return Matrix C(0,0) and Matrix
C(0,1), processor 105b may return Matrix C(1,0) and Matrix C(1,1), and processor 105¢
may return Matrix C(2,0) and Matrix C(2,1).

In addition to taking a global view of data, the user may, in some situations take a
“lJocal” view of the data. When treating data from a local perspective, a user may be
aware of how an object is split amongst processors and may instruct specific processors
to perform operations on the portions of the distributed object that they store. Thus, for
example, if a user has previously-written serial code that operates on a certain type of
data, the user may instruct each processor to execute that code on the portion of the
distributed data it stores.

As used herein, a splitting of an object or data structure, such as, for example, a
matrix, amongst processors may be an “abstract splitting” or a “physical distribution.” In
a physical distribution, data is physically distributed among the processors in the manner
specified in the splitting. For example, if a matrix is physically row-distributed, then
each row of the matrix is stored on a different processor. In an abstract splitting, data is
split among abstract processors and the abstract splitting may have little or nothing to do
with the way in which data is physically distributed among the physical processors. The
term “abstract processor” as used herein, refers to a non-physical virtual processor whose
operations may be performed by one or more physical processors. For example, a 2x4
matrix may be physically row-distributed on a parallel server that has two processors,
such that one row of the matrix is physically stored on each processor. However, the
same matrix may be abstractly split amongst four abstract processors, such that each
column of the matrix is abstractly stored on one of the four abstract processors. Thus, for
the purposes of performing operations on the matrix, the matrix is treated by the parallel
server and the user as if it were column-split among four processors, though the actual
physical distribution of the data is a row-distribution among two physical processors.

An example of a series of local view operations is provided in Figure 1B. In
Figure 1B, client 103 creates a Matrix A on parallel server 101. As in the example of
Figure 1A, Matrix A may be a 3x2 matrix of integers. The user may have previously

written a serial routine called, for example, ‘avg’ that takes as input a 1x2 matrix of
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integers, computes the average of the two integers in the matrix, and outputs the average
as a 1x1 matrix. Thus, Client 103 may subsequently send a command to parallel server
101 to row-split Matrix A across processors 105a, 105b, and 105¢ so that each processor
has 1x2 matrix that is one row of Matrix A. It should be appreciated that, in some
embodiments, processors 105a, 105b, and 105¢c may be abstract processors and the row-
splitting may be an abstract splitting. That is, the data of Matrix A may be physically
stored on the physical processors of parallel server 101 in a manner different from the
row-splitting described above. Alternatively, in other embodiments, the row-splitting of
Matrix A may be a physical distribution. That is, processors 105a, 105b, and 105¢ may
be physical processors and one row of Matrix A may be physically stored on each of
these processors.

Client 103 may instruct the parallel server to have each processor 105 execute the
previously-written ‘avg’ routine, using the 1x2 matrix stored on the processor as input.
The results of this operation is that there is a 1x1 matrix stored on each of processors
105, wherein the value in each of the 1x1 matrices is the average of the numbers in one
of the rows of Matrix A. In embodiments in which Matrix A is abstractly row-split, it
should be appreciated that is the abstract processors that each execute the ‘avg’ routine.
At the physical level, depending on how the data is physically distributed among the
processors, some or all of the physical processors may execute the ‘avg’ routine or some
physical processors may execute the ‘avg’ routine multiple times using different portions
of the matrix physically stored thereon as input. In some embodiments, the ‘avg’ routine
is not executed at all, but rather the parallel server causes the physical processes to
perform operations that would have the same result as executing the ‘avg’ routine on
each processor that stores a row of the row-split matrix.

One embodiment of the invention is directed to providing a utility which allows a
user to write a program to be executed on the parallel server that uses both a global view
of data and local view of data. That is, a portion of the program may operate on the data
globally, while another portion of same program operates on the data locally. '

U.S. Patent Application serial no. 11/217,114, titled “METHODS AND
APPARATUS FOR PARALLEL EXECUTION OF A PROCESS,” filed on August 31,
2005 (hereinafter, “the ‘114 application”), which is hereby incorporated by reference in

its entirety, describes a system in which a user may write parallel programs using a

NVIDIA-ACS-0233387
Ex.1002 / Page 335 of 616
Intel Corporation et al



WO 2006/050404 PCT/US2005/039580

-9-

global view of the data. Specifically, the application describes a system that employs a
scientific computing software application to write programs which are then
“parallelized” by software on the parallel server. As used herein, the term scientific
computing software application refers to a software application capable of solving
computational problems that are input by a user. Examples of commercially available
scientific computing software applications include MATLAB™, produced and sold by
The MathWorks, Natick, Massachusetts, MapleTM, produced and sold by Maplesoft,
Waterloo, Ontario, Canada, Mathematica™, produced and sold by Wolfram Research,
Champaign, Illinois, Octave, produced and distributed by GNU, and Excel™, produced
and sold by Microsoft Corporation, Redmond, WA.

The system of the ‘114 application that allows a user to operate globally on
distributed data is described below and may employ a technique referred to as
overloading. As used herein, the term overloading refers to having two or more objects
or methods that have the same name but have different meanings or functionalities
depending on the context in which the object or method is used. For example, which
method is called may depend on the number of parameters with which the method is
called or the data type of parameters with which the method is called. Thatis, a
programmer may define two methods each named Area. The first Area method may take
as a parameter a user-defined data type called Triangle and computes the area of a
triangle. The second 4rea method may take as a parameter a user-defined data type
called Circle and computes the area of a circle. Thus, simply from the line of code “B =
Area(A),” it cannot be determined which Ar‘ea method is to be called. That is, if the
variable A is of the data type Triangle, the first Area method is called, while if the
variable A is of the data type Circle, the second Area method is called.

As another example, from the programmer’s perspective, the method call for the
two or more methods that share the same name may be identical. That is, the method
name, the number of parameters and the type of parameters are the same for both (or all)
of the methods and the decision as to which of the two or methods is called is not made
by the programmer at the time of programming. For example, the line of code x + y,
where both x and y are variables that represent matrices of integers may have different
functionality depending on the context in which the line of code is written. Thus, for

example, if both x and y are small matrices, an addition routine that performs a normal
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matrix addition may be called. However, if either x or y represents a matrix larger than a
certain size an addition routine that performs the matrix addition in parallel may be
called. The decision as to which addition routine is to be called may be made in any
suitable way as the invention is not limited in this respect. For example, the decision
may be made either at compile time, at run time, or at any other suitable time. Further,
the decision may be made by any suitable entity, such as the compiler or interpreter of
the programming language, or an outside software program (though the compiler,
interpreter, or outside software program may be manually configured, e.g., by a
programmer, to make these decisions in a certain way).

As in the example above, operators may also be overloaded. For example, the
function of the ‘+° operator in the line of code “C = A +B’ may be different depending on
the data types of the operands A and B. That is, if the operands A and B are integers, the
‘+’ operator may be defined to perform a integer addition. However, if the operands A
and B are arrays or matrices, the ‘+° operator may be defined, by the programmer, to
perform a matrix addition.

Figure 2 is an example of a system in which polymorphism (c.g., by overloading
methods and/or operators) may be used to provide parallel computing capability to a
scientific computing software application. The system of Figure 2 includes a scientific
computing software application 201, communication software 203, and server software
205.

In one embodiment, operators and/or methods of a program of scientific
computing software application 201 may be overloaded. The overloaded methods and/or
operators may be defined to pass a message to communication software 203 requesting
that a certain operation or process be performed in parallel. Communication software
203, in response to receiving the message, may then send a command to server software
205 to perform the process in parallel. This may be done in any suitable way, as the
invention is not limited in this respect. For example, a new data type or class may be
defined and operators and/or methods may be overloaded such that when the operators
and/or methods are called with a parameter or operand of the newly defined data type,
the overloaded method is called.

As an example, the rand function in the programming language of a scientific

computing software application may be a built-in method of scientific computing
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software application 201 that creates an n-by-n matrix of randomly-valued entries, where
n is an integer value specified in the parameter of the method. Thus, the line of code in
Table 1 creates a 100-by-100 matrix of random numbers and stores the result in the
variable ‘X.” The server software may then pass out tasks to a plurality of processors, to

complete the task or tasks require by the method.

Table 1

X =rand(100);

However, the rand method may be overloaded so that if the parameter provided is
of the new data type (i.e., as opposed to an integer or scalar), then the overloaded rand
method is called rather than the built-in rand method. For example, in the line of code in
Table 2, the parameter provided to the rand method is “100*p.” The variable p may be
an object of the new data type or class which, for the purposes of this example is called
the dlayout class. The * operator may be the built-in multiplication operator of scientific
computing software application 201, which takes two operands. However, the * operator
may be overloaded, such that when one or both of its operands are objects of the diayout
class, the overloaded operator is called. The overloaded * operator may return an object

of the dlayout class.

Table 2

X =rand(100*p);

Thus, the operation “100*p” in Table 2 may return a dlayout object. The rand
method may also be overloaded so that when the parameter provided is a dlayout object
(instead of an integer or scalar), the overloaded rand method is called. The overloaded
rand method may call communication software 203 which sends a command to server

software 205 to create a distributed 100-by-100 matrix. The overloaded rand method
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may return an object of a user-defined data type or class that hay be used as a name or
handle to reference the matrix created on the parallel server. For example, the
overloaded rand method may return an object of the user-defined ddense class, which is
stored in the variable X. Thus, the distributed matrix on the parallel server may be
accessed and manipulated using the variable X. For example, as shown in Table 3, a
method for computing the eigenvalues of a matrix may be performed on the distributed
matrix.

That is, the built-in method eig of scientific computing software application 201
may take a matrix or an array as its parameter. However, the eig function may be
overloaded so that if the parameter provided to the method is an object of the ddense
class, the overloaded method is called. Like the overloaded rand method, the overloaded
eig method, when called, may call communication software 203 which may send a
command to server software 205 to calculate the eigenvalues of the distributed matrix X.
The overloaded eig method may also return an object of the ddense class, which is stored
in the variable Y, and may be used as a handle to access the matrix of eigenvalues on the

parallel server.

Table 3

Y =eig(X)

Because the overloaded methods and/or operators used to contact the parallel
server as well as the parallel algorithms that execute on the parallel server may be
provided for the user of the scientific computing software application (i.e., without the
user having to code them), the user need not have detailed knowledge of parallel
programming. Rather, much of the parallel processing capability is transparent to the
user.

For example, continuing with the examples provided above, from the user’s
perspective, the only difference in the program code needed to create a 100-by-100
matrix of random numbers and compute its eigenvalues is the addition of the tag “*p” in

the parameter of the rarnd method, as shown above in Table 2. However, the ‘“*p” tag
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causes a distributed matrix to be created on the parallel server and future operations on
the matrix to be performed in parallel, without the user having to devise or code an
parallel algorithms. In the examples above, the rand and eig methods and the * operator
were overloaded to perform certain operations in parallel, such as creating a distributed
matrix on a parallel server and computing its eigenvalues in parallel. However, the
invention is not limited in this respect, as any suitable built-in method or operator of the
scientific computing software application may be overloaded (e.g., to cause its
functionality to be performed in parallel).

In the examples described above in connection with Tables 2 and 3, the user is
taking a global view of the data. That is, the objects X and Y are global objects and the
user need not be aware of how these objects are distributed amongst the processors of the
parallel server. Thus, when the user instructs the parallel server to computer the
eigenvalues of the matrix referenced by the variable X, the user need not specify what
specific operation each processor of the parallel server needs to take to computer these
eigenvalues. Rather, server software 205 is aware of the manner in which the data is
distributed and has a routine for computing, in parallel, the eigenvalues of a matrix that is
distributed in this manner.

It should be appreciated that, although in the examples above certain data types,
classes, methods, and/or operators are described as being user-defined, these data-types,
classes, methods, and/or operators need not be defined by the ultimate end user of the
scientific computing software application. Indeed, the term user-defined is merely used
to distinguish between those classes, methods, and operators that are built-in to the
scientific computing software application programming language by its publisher’s
specification and those that are added in by an external programmer. Thus, in one
embodiment, the overloaded methods, operators, and user-defined classes may be
provided in a software package that also includes communication software 203 and
server software 205. The software package, when installed, may work in conjunction
with scientific computing software application 201 to provide the above-described
parallel processing functionality.

Further, in the examples above, the built-in methods and operators were only
overloaded with a single additional method or operator. However, the invention is not

limited in this respect, as a method or operator may be overloaded with any suitable
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number of methods or operators. That is, in the example provided above, the * operator
was overloaded with a * operator that takes an object of the dlayour class as one of its
operands and returns a dlayout object. However, the * operator could also be overloaded
with an operator that takes two ddense objects (each of which references a distributed
matrix on the parallel server) as its operands, causes a matrix multiplication of the two
distributed matrices to be performed in parallel, and returns a ddense object that serves as
reference to the distributed matrix that results from the matrix multiplication. Thus, in
the example above, the * operator may perform one of three different operations,
depending on the data types of its operands.

Additionally, in the examples above, two data types or classes were defined (i.e.,
dlayout and ddense). It should be appreciated that these class names are provided as
examples and any suitable class names or data type names may be used. Moreover,
while in the examples above two user-defined data types or classes were used in
connection with providing parallel computing capability in scientific computing software
application 201, the invention is not limited in this respect, as any suitable number of
user-defined data types or classes may be used. Further, any suitable data and methods
may be encapsulated in these user defined data types, as the invention is not limited in
this respect.

In one embodiment, scientific computing software application 201 and
communication software 203 may execute on the processor of a client computer, while
server software 205 may execute on multiple processors of one or more parallel servers.
However, the invention is not limited in this respect, as scientific software application
201 and communication software 203 may execute on any suitable processor or
processors. For example, scientific software application 201 may execute on one of the
processors of the parallel server that executes server software 205. In such
embodiments, the processor that executes scientific software application 201 and/or
communication software 203 may be viewed as the client, while the remaining
processors in parallel server 205 (individually and in collections of one or more of them)
may be viewed as the parallel server. It should be appreciated that the processor that
executes scientific software application 201 and/or communication software 203 may
also execute a portion of server software 205. Thus, this processor may be viewed as the

client as well as part of the parallel server.
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The parallel server that executes server software 205 may be any suitable type of
parallel server, as the invention is not limited in this respect. For example, the parallel
server may be a symmetric multiprocessing (SMP) system, a massively parallel
processor (MPP) system, or may be a Beowulf cluster. In this respect, it should be
appreciated that parallel server may include a plurality of separate machines that are
linked together so that they may operate on a single problem in parallel. A system
having such an architecture may be viewed as a single parallel server, despite being
made up of many individual computers that are also capable of operating independently
of each other.

In the examples above, overloaded methods and operators are used in scientific
computing software application 201 to call and/or pass messages to communication
software 203 (which, in turn, sends a command to parallel server 205). These software
entities may communicate in any suitable way, as the invention is not limited in this
respect. For example, in one embodiment, subroutines of communication software 203
may be linked (either statically or dynamically) into scientific computing software
application 201, so that the overloaded methods and/or operators of scientific computing
software application may directly call these subroutines. In another embodiment,
interprocess communication may be used to communicate between scientific computing
software application 201 and communication software 203. Any suitable form of
interprocess communication may be used, such as, for example, pipes, signals, message
queues, semaphores, shared memory, sockets, or any other suitable form, as the
invention is not limited in this respect.

Because scientific computing software applications are intended primarily for
computing and modeling, the programming languages of these software applications
typically do not provide the capability to perform and/or handle communications over a
network. Thus, in one embodiment, communication software 203 may be written in a
language (e.g., C or Fortran) that provides network communication capability. However,
in embodiments of the invention in which the programming language of scientific
computing software application 201 allows a programmer to perform network
communications, communication software 203 need not be used, and the overloaded

methods and operators of scientific computing software application 201 may
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programmed to send commands to server software 205 (i.e., without using
communication software 203 as an intermediary).

In embodiments wherein scientific computing software application 201 and
communication software 203 reside on a separate machine from server software 205,
communication software 203 or (in embodiments where communication software 203 is
not used) scientific computing software application 201 may communicate with server
software 205 over a network. Any suitable network protocol or protocols may be used,
as the invention is not limited in this respect. For example, in some embodiments, the
TCP/IP protocol may be used. In embodiments wherein scientific computing software
application 201 and communication software reside on a processor of the parallel server
that executes server software 205, any suitable method of communication between
communication software 203 (or, in some embodiments, scientific computing software
application 201) and parallel server 205 may be used. For example, network based
communication may be used, even though the communications are not necessarily
traveling over a network; interprocess communication may be used; or any other suitable
form of communication may be used, as the invention is not limited in this respect.

Solving problems in parallel often involves operating on very large data sets.
Consequently, passing results between the client and the parallel server each time they
are computed may decrease performance. Thus, in one embodiment, data may remain on
the parallel server, unless results are explicitly requested to be sent to the client. For
example, as discussed in above, the example line of code in Table 2 causes a command
to be sent to the parallel server to create a 100-by-100 matrix distributed matrix of
random numbers. The parallel server may create the 100-by-100 matrix in response to
the command. If the result of this computation (i.e., the 100-by-100 matrix) were to be
sent back to the client rather than keeping the data on the parallel server, 10,000 numbers
may have to be sent back to the client. Further, future operations on the matrix to be
performed by the parallel server may involve sending the matrix data back to the parallel
server from the client so that the parallel server may operate on the data. This sequence
may increase network traffic, latency, and overall processing time.

However, if the data remains on the parallel server, the data need not be
transferred unless the user of the scientific computing software application explicitly

requests to view the data. For example, the 100-by-100 matrix created on the parallel
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server using the line of code in Table 4 may remain on the parallel server and only a
reference to that data may be returned to the scientific computing software application.
In the example, in Table 4, this reference is stored in the ddense variable ‘X.” Thus, if it
is desired to perform future operations on the matrix, the matrix data can be identified
and located on the parallel server using this reference.

If a user of a scientific software computing application desires to view a portion
of the resulting data, the user may request that this data be returned from the parallel
server and displayed. This may be done in any suitable way, as the invention is not
limited in this respect. In some embodiments, method and/or operator overloading may
be used to request that data stored on the parallel server be returned to the client. For
example, the line of code shown in Table 4 may be used to retrieve and display the first
element of the distributed matrix created by the line of code in Table 2. Scientific
computing software application 201 may provide, for example, a method called subsref
that is used to access an array or matrix clement and invoked by the notation A(R,C),
where A is a variable that represents the array or matrix and R,C refers to the row and
column of the requested matrix element. The subsref function may be overloaded so that
if called with a ddense variable as its parameter instead of an array or matrix, a command
may be sent to the parallel server to return the requested element of the matrix that is

referenced by the ddense variable.

Table 4

X(1,1)

Server software 205 may operate in any suitable way to receive commands from
the client and perform operations in parallel, as the invention is not limited in this
respect. Figure 3 is but one example of a suitable configuration of server software 205
for at least some embodiments. I[n Figure 3, parallel server 301 includes a plurality of
processors, 303a, 3030, ..., 303n, and a memory 313. Each of processors 303a-303n
includes four software modules: client managers 305a, 305b, ..., 305n; server managers

307a, 307b, ..., 307n; library managers 309a, 309b, ..., 309n; and data managers 311a,
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311b, ..., 311n. Memory 313 of parallel server 301 stores a plurality of software
libraries 315a, 315b, 315c, ..., 315n that include routines for performing various
operations.

Client managers 305 interface with clients, and provides routines for reading
commands and arguments from a client and sending results and other data back to the
client. Server managers 307 handle communications between server processes executing
on different processors of parallel server 301. That is, server managers 307 manage the
transmission of data between the processors of parallel server 301 and collect results and
error codes from the processors. Library managers 309 are responsible for maintaining a
list of available software libraries 315 and the routines provided by them. When
instructed by a server manager 307, library manager may perform a call to a routine of
one of the libraries 315. Data managers 311 include routines for creating, deleting, and
changing, data stored on the parallel server. Data managers 311 maintain a mapping
between the references and/or identifiers used by the client to identify the data and the
actual storage location of the data.

In one embodiment, when server software 205 is initialized, one processor may
be designated the head processor and all or some of the remaining processors may be
designated slave processors that operate under the control of the head processor. The
head processor may serve as the central processor and may receive the commands from
the client. Thus, in one embodiment, only the client manager module 305 on the head
processor is used. When the head processor receives a command from the client, the
server manager 307 on the head processor may send messages to the “slave” processors
to perform the desired operation. The library managers 309 on each of the processors
may call the appropriate routine in libraries 315.

The server managers 307 on the processors 303 may communicate with each
other in any suitable way, as the invention is not limited in this respect. In one
embodiment, the message passage interface (MPI) application programming interface
(API) may be used. Alternatively, the parallel virtual machine (PVM) API or any other
suitable from of communication may be used.

In the example of Figure 2, parallel server 301 is shown having a memory 313
which stores software libraries 315. Memory 313 may be assembled from any suitable

type of memory or memories and may include, for example, non-volatile storage media,
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such as magnetic disk, optical disc, or tape, and/or volatile memory, such as random
access memory (RAM). Further, in Figure 2, parallel server 301 is shown having a
single memory that is shared by all processors. However, the invention is not limited in
this respect, as each processor may have a separate memory or clusters of processors
may share memory. For example, in embodiments in which parallel server 301 is
implemented as a Beowulf cluster, each processor may have a separate memory and a
separate copy of libraries 315 (or parts thereof). Further, in some embodiments in which
processors 303 share a memory, portions of the memory may be allocated to each
processor for exclusive use by that processor. Thus, each processor may maintain a
separate copy of libraries 315 in the portion of the memory allocated to it.

In the example of Figure 3 parallel server 301 includes processors 303a-303n. It
should be appreciated that the parallel server may have any suitable number of
processors and the invention is not limited in this respect. Similarly, memory 313 may
store any suitable number of software libraries. Examples of software libraries that may
be used are ScaLAPACK and the Parallel Basic Linear Algebra Subprograms (PBLAS)
library, both of which include parallel linear algebra routines.

In the example of Figure 3, server software 205 is implemented, in part, as four
software modules on each processor. It should be appreciated that the invention is not
limited in this respect, as server software 205 may be implemented in any suitable way.
Further, it should be understood that the four modules in the above-described examples
are intended to illustrate functionally how server software 205 may operate. However,
the four modules need not be implemented as separate computer programs and may be
implemented in any suitable way, as the invention is not limited in this respect.

In one embodiment, the system of Figure 2 may, in addition to enabling the
programmer to perform parallel operations using global addressing of a distributed data
(i.e., referring to and operating on the distributed data as a single object), enable the
programmer to perform parallel operations using local addressing of the same distributed
object (i.e., referring to and operating on portions of the distributed data on a processor-
by-processor basis). That is, to multiply a Matrix A and a Matrix B that are both split
amongst processors on a parallel server, a programmer may refer to the matrices globally
with the line of code C = A*B. Alternatively, the programmer may take a local view of

the two matrices by instructing the parallel server to distribute the matrices amongst the
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processors in a particular manner, and operating on each portion of the distributed
matrices separately.

An example of operating on distributed data in both a global mode and a local
mode is shown in Table 5. As in the examples above, the line of code “A = rand(3*p)”
creates a distributed 3x3 matrix of random numbers on the parallel server. Similarly, the
line of code “B = rand(3*p)” also creates a distributed 3x3 matrix of random numbers on
the parallel server. The line of code “C=A+B” is global operation that adds the matrix
referenced by the variable A and the matrix referenced by the variable B. The operation
is a global operation because the user does not instruct each processor which stores a
portion of the two matrices what operation to perform. Rather, the user treats the two
matrices as non-distributed matrices and simply instructs the parallel server to add them.
The intelligence of what operation(s) each processor needs to perform in order to add the
two matrices resides in the parallel server and the user need not be aware of how this is
done.

However, in the subsequent line of code that reads “D=ppeval(*avg’, split(C,2))”
the user operates on the data locally on each processor. The function ppeval may be a
function that takes two arguments. The first argument may be the name of a function to
be executed on each processor and the second argument is the data to be input into the
function and a specification of how that data should be split amongst the processors.

In the example of Table 5, the name of the function to be executed on each
processor is ‘avg.” This may be a previously-written routine that takes as input a 3x1
matrix, computes the average of the numbers in the matrix and returns a scalar that is the
average of the numbers. This routine may be executed on each of the processors of the
parallel server that stores a portion of the input data. The routine may be provided to
each of these processors in any suitable way. In some embodiments, the routine may be
stored on the client. In such embodiments, the routine may be provided from the client
to the parallel server in a manner that is transparent to the user. For example, the routine
may be stored as a file in a file system on the client. The ppeval function may access the
file that includes the program code for the routine on the client and send it to the parallel
server for execution on each processor. In some embodiments, the parallel server may
cache the routine thereon for future use. Thus, for example, if the same routine is used

again in the computer program (e.g., in a subsequent invocation of the ppeval function)
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or in a different computer program, the ppeval function may determine if the routine has
changed since the last time it was provided to the parallel server. If the routine has not
changed, then the parallel server may use the cached version, without the client having to
provide the routine to the parallel server again. If the routine has changed since the last
time it was provided to the parallel server, then the new version of the routine may be
provided to the parallel server. The determination as to whether a routine has changed
since it was last provided to the parallel server may be made in any suitable way, as the
invention is not limited in this respect. For example, in embodiments in which the
routine is stored as a file in a file system, the file system timestamp for the file may be
used in determining when the routine was last modified.

In some embodiments, the file that includes the program code for the routine may
be stored in memory on the parallel server, in addition to or instead of on the client. In
such embodiments, a copy of the file may be stored on each processor or a single copy of
the file may be stored in a memory location accessible to all processors. This allows a
user to execute previously-written serial routines that the user desires to re-use in the
context of parallel program.

In the examples above, the ppeval function is a function that accepts two
arguments (i.e., the name of a routine to be executed and the input data to the routine).
However, the invention is not limited in this respect, as the function used to execute a
routine in local mode may take any suitable form, may have any suitable name, and may
take any suitable number of examples. For example, the ppeval function may take any
number of arguments, where the first argument is the name of a serial routine that takes '
multiple arguments and the subsequent arguments are the multiple inputs to the routine.
It should further be appreciated that the arguments may be presented in any suitable
order, as the invention is not limited to providing the arguments in the illustrative order
shown in the examples above.

Figure 4 is one example of a suitable configuration of server software 205 that
may be used in a system which enables both global and local operations. The server
software is similar to the server software shown in Figure 3, but each processor 303 also
includes a scientific computing software application interpreter 401. That is, processor
303a includes scientific computing software application interpreter 401a, processor 303b

includes scientific computing software application interpreter 401b, and processor 303n
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includes scientific computing software application interpreter 401n. Scientific
computing software application interpreters 401 are provided on each processor to allow
each processor to locally execute routines provided by the ppeval function. For example,
the ‘avg’ routine that is the first argument in the ppeval function may be a routine written
in the language of scientific computing software application 201. When this routine is
provided to each processor 303, scientific computing software application interpreter 401
may interpret the routine allowing it to be executed on each processor.

In the example above, the ‘avg’ routine is a routine written in the language of the
scientific computing software application 202. Thus, for example, the computer program
excerpt shown in Table 5 may be written in the language of scientific computing
software application 202 and interpreted by an instance of the scientific computing
software application interpreter executing on the client. Further, the ‘avg’ routine may be
written in the same programming language and interpreted by instances of scientific
computing software application interpreter executing on each of the processors of the
parallel server. However, the invention is not limited in this respect, as the client
program and the routine to be executed on a particular processor of the parallel server
may be written in different programming languages. For example, the client program
(e.g., the program of Table 5) may be written in the language of the scientific computing
software application, and the routine specified in the client program that is to be executed
on a particular processor or processors of the parallel server (e.g., the ‘avg’ routine) may
be written in a different program language. For example, this routine may be written in
Perl and each processor of the parallel server may execute a Perl interpreter. Indeed, any
suitable programming language may be used and each processor of the parallel server
may have an interpreter for processing that particular programming language.

In some embodiments, the programming language in which the client program
and/or the routine to be executed on each processor of the parallel server (e.g., the ‘avg’
routine) are written is not an interpreted language, but rather is a compiled language. As
used herein, an interpreted language refers to a programming language in which the A
processor instructions (e.g., the machine level instructions) of a program written in the
language are generated from the program at run time. A compiled language refers to a
programming language in which the processor instructions of a program written in the N

language are generated from the program prior to run time. In some embodiments in
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which the routine to be executed on the processors of the parallel server is written in a
compiled language, each processor may be provided with a compiler for that application
so that it may receive the routine and compile it, so that the routine may be executed on
the processor. In other embodiment, the routine may be compiled and assembled before
being provided to the processors of the parallel server, such that the object code of the
routine is provide to the processors. Thus, the processors need not compile or interpret
the routine, but may simply execute the object code. Further, in such embodiments, the
processors need not be provided with a compiler or an interpreter to compile or interpret

the routine.

Table S
A =rand(3*p);
B=rand(3*p);
C = A+B;

D = ppeval(‘avg’, split(C,2));
D.a=D.atl;

D.b=D.b+1;

D.c=D.c+l;

E = ppjoin(D, 3, 1);

E(0,0)

The second argument in the ppeval function specifies the input data for the
function specified in the first argument and how the input data should be split amongst
the processors. In the example of Table 5, the second argument to the ppeval function is
“split(C,2).” This argument indicates that the input data to the ‘avg’ routine is the matrix
referenced by the variable C. The function split is a function that causes the data of the
matrix C to be split amongst the processors of the parallel server. As discussed above,
this split may be an abstract splitting or a physical distribution. The first argument of the
split functions specifies the data to be distributed (as well as the data to be input into the
‘avg’ function) and the second argument specifies the manner in which the data is to be
distributed. In the example of Table 5, the data to be distributed is, as mentioned above,

the matrix referenced by the variable C. The second argument to the split function is
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“27. This indicates that the data is to be distributed along the second dimension of the n-
dimensional matrix. Because the matrix referenced by the variable C is a two-
dimensional matrix, the second dimension of the matrix is its width (i.e., the number of
columns). Thus, the “2” indicates that the data of the matrix is to be column-split. In the
example above, the matrix referenced by the variable C is 3x3 matrix, thus the data of the
matrix will be split amongst three processors. with each processor storing one column of
the matrix. If the arguments provided to the split function were split(C,1) rather than
split(C,2), than the matrix would be split along the first dimension of the matrix (e, its
height). Thus, split(C,1) would result in the matrix being row-split amongst three
processors, which each processor storing one column of the matrix.

In the examples discussed above in connection with Table 5, two possible
splittings of the matrix are discussed (i.e., row-distribution and column-distribution) and
syntax is provided for distributing a matrix along its n' dimension.. It should be
appreciated that the invention is not limited in this respect as the user may specify any
suitable splitting to the parallel server using any suitable syntax. For example, the matrix
could be split along its diagonal, could be split into mxn blocks that are each stored on
one of processors, or could be split in any other suitable way. In one embodiment, rather
than splitting the matrix and distributing it, the entire matrix may be provided to each
processor. For example, as shown in the example of Table 6, rather than distribute the .
matrix referenced by object C amongst the processors of the parallel server, the matrix
may be broadcast to each processor, such that each processor stores its own copy of the
entire matrix. Thus, rather than specifying split(C, 2) in the argument specifying the
object to be distributed, bcast(C) is provided, indicating that the matrix referenced by the

object C should be provided to each processor.

Table 6

D =ppeval(‘avg’, beast(C));

In some embodiments, a splitting may cause an overlap of data among
processors. For example, a three-day-moving-average split may be used, wherein a 1x7
matrix is split such that a first processor stores elements 1, 2, and 3 of the matrix, a

second processor stores elements 2, 3, and 4, a third processor stores elements 3, 4, and
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5, a fourth processor stores elements 4, 5, and 6, and a fifth processor stores elements 5,
6, and 7.

Another example of a suitable splitting is a stencil splitting, whereby each
element (i,j) in a matrix and its north, south, east, and west neighbors is stored on a
different processors. For example, as shown in Figure 7A, element (2,3) of matrix 701

- may be provided to a processor with its north, south, east, and west neighbors: element
(1,3); element (2,2); element (2,4); and element (3,3). This may be done for each
element (i,j) in the matrix. For elements along an edge of the matrix, such as element
(4,1), the neighbors may wrap around or may be cut off and treated as zero. For
example, the north neighbor of element (4,1) is element (3,1) and the west neighbor is
element (4,2). In embodiments which employ a wrap-around, its east neighbor may be
treated as element (4,4) and its south neighbor may be treated as element (1,1). In
embodiments which employ a cut-off, its east and south neighbors may be treated as
elements with a value of zero.

" Another example of a suitable splitting is referred to as a multi-grid splitting. In a
multi-grid splitting, each odd element and its subsequent even neighbor in a vector are
averaged to generate a new element and the new elements are combined to create a new
vector. This process is repeated on the new vector and subsequent new vectors until a
vector of only a single element (i.e., a scalar) is generated. For example, as shown in
Figure 7B, in vector 703, elements 1 and 2 are averaged, elements 3 and 4 are averaged,
element 5 and 6 are averaged, and elements 7 and 8 are averaged. The result of each of
these average operations is placed in a vector 705. In vector 705, elements 1 and 2 are
averaged and elements 3 and 4 are averaged, and the result of each of these average
operations is placed in a vector. 707. In vector 707, elements 1 and 2 are averaged to
generate vector 709 (a scalar). Each vector (i.e., 703, 705, 707, and 709) may be stored
on a different processor.

Another example of splitting is a splitting of a spreadsheet, such as an Excel™,
that is stored on the parallel server. That is, for example, if the spreadsheet has multiple
sheets, each sheet may be stored on a processor of the parallel server. Alternatively, a
single sheet in a spreadsheet may be row-split or column-split among the processors of

the parallel server.

NVIDIA-ACS-0233404
Ex.1002 / Page 352 of 616
Intel Corporation et al



WO 2006/050404 PCT/US2005/039580

-26 -

The illustrative splittings described above are only a few examples of splittingsv
that may be used in various embodiments. The invention is not limited to these
splittings, as any suitable splitting may be used. _

As discussed in connection with the examples above, a user may specify a
manner in which data is to be split amongst the processors of the parallel server and an
operation for each processor to perform on its portion of the data. In some embodiments,
the parallel server may not physically distribute the data in the manner specified by the
user, but rather the may maintain an abstract splitting of the data. For example, as shown
in Figure 6, parallel server 601 may have three physical processors: 603a, 603b, and
603c. Matrix 605 is a 2x3 matrix that is physically row-distributed on processors 603a
and 603b of parallel server 601. That is, the first row of matrix 605 is stored on
processor 603b and the second row of matrix 605 is stored on processor 603a. A user’s
program may include the line of code shown in Table 7 which when executed causes the
data referenced by the object ‘C’ (i.e., matrix 605 in this example) to be column
distributed and the ‘avg’ routine to be run on each processor using each respective
processor’s column of matrix 605 as input to the ‘avg’ routine. Rather than physically
redistribute the data such that each of physical processors 603a, 603b, and 603c stores
one column of matrix 605, matrix 605 may remain physically row-distributed on
processors on 603a and 603b. However, both the user and the parallel server may treat
and operate on matrix 605 as if it were column-distributed over three processors. As
discussed above, this is referred to as an abstract splitting and the three processor over
which the matrix is abstractly split may be viewed as abstract processors. Though the
user need only be aware of the abstract splitting, the parallel server is aware of both the
abstract splitting and the underlying physical distribution of the data and may perform
operations on the physical data using the physical processors such that the user’s desired
result of the operation or operations using the abstract splitting among the abstract
processors is achieved. This may be done in any suitable way, as the invention is not
limited in this respect.

For example, referring to Figure 6, the parallel server may achieve the user’s
desired result of the operation in Table 7 (i.e., averaging the elements in each column of
the Matrix C) as follows. Processor 603a may send the first element of its row (i.e., “9”)

to processor 603b, which may use the first element from row 2 received from processor

NVIDIA-ACS-0233405
Ex.1002 / Page 353 of 616
Intel Corporation et al



WO 2006/050404 PCT/US2005/039580

.27 -

603b and the first element from row 1 (i.e., “5”) stored thereon as input to the ‘avg’
routine which is executed on processor 603b. The output of the ‘avg’ routine may be
stored on processor 603b. Processor 603a may then send the second element of its row
to processor 603b, which may then execute the ‘avg’ routine again using the second
element of row 2 received from processor 603a and the second element of row 1 stored
thereon as input to the ‘avg’ routine and may store the result. Processor 603a may then
send the third element of its row to processor 603b, which may then execute the ‘avg’
routine for a third time using the third element of row 2 received from processor 603a
and the third element of row 1 stored thereon as input to the ‘avg’ routine and may store
the result.

Thus, from the perspective of the user, matrix 605a is column-distributed across
three processors, though the physical distribution of the data is a row distribution across
two processors. In addition, the parallel server may return a pointer or a handle that the
client may use to access the abstract matrices resulting from the performance of the
operation indicated in Table 7. This pointer or handle may be stored in the object D, as
shown in Table 7.

Table 7

D = ppeval(‘avg’, split(C,2));

As discussed above, the ppeval function in Table 5 causes a command to be sent
to the parallel server to column-distribute the data of the matrix referenced by the
variable C and to execute the ‘avg’ routine on each processor that stores a portion of the
matrix, using the portion of the matrix stored on that processor as input to the routine. In
the example of Table 5, the result of running the ‘avg’ routine on a column of the
column-distributed matrix is a scalar that is the average of the values in the column.
That is, the result of the ppeval function is that each of the three processors that stores a
column of the matrix referenced by the variable C also stores a scalar that is the average
of the values in the column stored by the processor.

In some embodiments, the ppeval function returns an object that includes a
reference to each of the local pieces of the output of the function specified in the first
argument of the ppeval function. Thus, in the example of Table 5, the object D includes

a reference to each of the outputs of the ‘avg’ function. That is, the object D includes a
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reference to each scalar output by the ‘avg’ function that is stored on one of the three
processors on which the ‘avg’ function was executed. For example, as shown in Figure
5, parallel server 501 may have three processors 503a, 503b, and 503¢. Each of these
processors may store a scalar that is the output of the ‘avg’ function. Object D 505,
which is returned by the ppeval function, may include a reference to each of the scalars.

As shown in Table 5, the user may manipulate and operate on the local data (i.e.,
the scalars) using the reference to the data in the object D. For example, the line of code
D.a=D.a+1 causes processor 503a to add one to the value of the scalar stored thereon.
Similarly, the line of code D.b = D.b +1 causes processor 503b to add one to the value of
its scalar and the line of code D.c = D.c + 1 causes processor 503c¢ to add one to the
value of its scalar.

The user may subsequently join the local pieces into a global object and operate
on the global object using a global view. This may be done in any suitable way, as the
invention is not limited in this respect. For example, as shown in Table 5, the line of
code “E = ppjoin(D, 3, 1)” joins the local pieces referenced by the object the D and
creates a global object, E, that references the matrix resulting from joining the scalars
referenced by the object D. The function ppjoin is a function that causes a command to
be sent to the parallel server to join local pieces into a global object. In the example of
Table 5, the ppjoin function takes three arguments. The first argument is the object that
references the local pieces (in this example, object D). The second and third arguments
are the dimensions of the global matrix into which the object will be reconstituted. Thus,
in the example of Table 5, the data of referenced by the object D may be joined in a 3x1
matrix.

In the example in Table 5 a user selects whether an operation is to be performed
globally or locally. However, the invention is not limited in this respect, as in some
embodiments, the decision whether to perform an operation globally or locally may be
made automatically. This may be done in any suitable way, as the invention is not
limited in this respect. For example, a pre-processor may recognize serial portions of a
user’s program that are suited for parallel local operation and cause these portions to be
executed locally in parallel, rather than serially. For example, as shown in Table 8,
rather than execute the “while” loop five times serially on a single processor, the pre-

processor may recognize that the five iterations of the “while” loop may be performed in
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parallel and may cause five processors of the parallel server to each perform the
operation a/n] = b*n in parallel, each using a different value of n (i.e., where nis 0

through 4).

Table 8

n=1;
while (n < 6){
a[n] = b*n;

n=n+1;

The embodiments described above may incorporate any or all of the above-
described aspects of the invention. Further, the above-described embodiments of the
invention are not mutually exclusive of each other, such that any feature or aspect of one
embodiment may be used in any other embodiment.

The above-described embodiments of the present invention can be implemented
in any of numerous ways. For example, the embodiments may be implemented using
hardware, software or a combination thereof. When implemented in software, the
software code can be executed on any suitable processor or collection of processors,
whether provided in a single computer or distributed among multiple computers. It
should be appreciated that any component or collection of components that perform the
functions described above can be generically considered as one or more controllers that
control the above-discussed functions. The one or more controllers can be implemented
in numerous ways, such as with dedicated hardware, or with general purpose hardware
(e.g., one or more processors) that is programmed using microcode or software to
perform the functions recited above. Further, when the embodiments are implemented in
software, such software may be accessed via download over a network.

It should be appreciated that one implementation of the present invention
comprises at least one computer-readable medium (e.g., a computer memory, a floppy
disk, a compact disk, a tape, etc.) encoded with a computer program (i.e., a plurality of
instructions), which, when executed on a processor, performs the above-discussed

functions of the embodiments of the present invention. The computer-readable medium
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can be transportable such that the program stored thereon can be loaded onto any
computer environment resource to implement the aspects of the present invention
discussed herein. In addition, it should be appreciated that the reference to a computer
program which, when executed, performs the above-discussed functions, is not limited to
an application program running on a host computer. Rather, the term computer program
is used herein in a generic sense to reference any type of computer code (e.g., software or
microcode) that can be employed to program a processor to implement the above-
discussed aspects of the present invention.

It should be appreciated that in accordance with several embodiments of the
present invention wherein processes are implemented in a computer readable medium,
the computer implemented processes may, during the course of their execution, receive
input manually (e.g., from a user and/or via external electrical connection).

The phraseology and terminology used herein is for the purpose of description

nn

and should not be regarded as limiting. The use of "including,”" "comprising,” "having,"

“containing”, “involving™, and variations thereof, is meant to encompass the items listed
thereafter and additional items.

Having described several embodiments of the invention in detail, various
modifications and improvements will readily occur to those skilled in the art. Such
modifications and improvements are intended to be within the spirit and scope of the
invention. Accordingly, the foregoing description is by way of example only, and is not
intended as limiting. The invention is limited only as defined by the following claims
and the equivalents thereto.

What is claimed is:
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CLAIMS
1. A method of processing a computer program that manipulates a data
structure stored on a parallel server comprising a plurality of processors, wherein a
portion of the data structure is stored on each of the plurality of processors, and wherein
the method comprises acts of:

(a) executing a first routine based on code in the computer program that
causes a first request to perform a first operation on the data structure to be sent to the
parallel server, wherein the first routine is a routine that overloads a serial routine that,
when executed, causes the first operation to be performed serially; and

(b) executing a second routine based on code in the computer program
that causes a second request to be sent to the parallel server, wherein the second request
includes an instruction to at least one specific processor of the plurality of processors to
perform a second operation on the portion of the data structure stored on the at least one

specific processor.

2. The method of claim 1, wherein the computer program is written in an

interpreted programming language.

3. The method of claim 1, wherein the computer program is written in a

compiled programming language.

4. The method of claim 1, wherein the second request specifies a splitting of

the data structure on the parallel server.

5. The method of claim 4, wherein the splitting of the data structure is an

abstract splitting.

6. The method of claim 4, wherein the splitting of the data structure is a

physical distribution.
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7. The method of claim 1, wherein the computer program is a first computer
program and the second request includes a second computer program that, when
executed on the at least one specific processor, performs the second operation on the

portion of the data structure stored on the at least one specific processor.

8. The method of claim 7, wherein the first computer program and the

second computer program are written in a same programming language.

9. The method of claim 7, wherein the first computer program and the

second computer program are written in different programming languages.

10. The method of claim 1, wherein the parallel server includes at least one

processor in addition to the plurality of processors.

11. The method of claim 1, wherein the first routine begins execution before

the second routine.

12. The method of claim 1, wherein the second routine begins execution

before the first routine.

13. The method of claim 1, wherein the plurality of processors are abstract
Processors.

14. The method of claim 1, wherein the plurality of processors are physical
processors.

15. At least one computer readable medium encoded with instructions that,

when executed on a computer system, perform a method of processing a computer
program that manipulates a data structure stored on a parallel server comprising a
plurality of processors, wherein a portion of the data structure is stored on each of the

plurality of processors, and wherein the method comprises acts of:
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(a) executing a first routine based on code in the computer program that
causes a first request to perform a first operation on the data structure to be sent to the
parallel server, wherein the first routine is a routine that overloads a serial routine that,
when executed, causes the first operation to be performed serially; and

(b) executing a second routine based on code in the computer program
that causes a second request to be sent to the parallel server, wherein the second request
includes an instruction to at least one specific processor of the plurality of processors to
perform a second operation on the portion of the data structure stored on the at least one

specific processor.

16. The at least one computer readable medium of claim 15, wherein the

computer program is written in an interpreted programming language.

17. The at least one computer readable medium of claim 15, wherein the

computer program is written in a compiled programming language.

18. The at least one computer readable medium of claim 15, wherein the

second request specifies a splitting of the data structure on the parallel server.

19. The at least one computer readable medium of claim 18, wherein the

splitting of the data structure is an abstract splitting.

20. The at least one computer readable medium of claim 18, wherein the

splitting of the data structure is a physical distribution.

21. The at least one computer readable medium of claim 15, wherein the
computer program is a first computer program and the second request includes a second
computer program that, when executed on the at least one specific processor, performs
the second operation on the portion of the data structure stored on the at least one

specific processor.
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22. The at least one computer readable medium of claim 21, wherein the first
computer program and the second computer program are written in a same programming

language.

23. The at least one computer readable medium of claim 21, wherein the first
computer program and the second computer program are written in different

programming languages.

24. The at least one computer readable medium of claim 15, wherein the

parallel server includes at least one processor in addition to the plurality of processors.

25. The at least one computer readable medium of claim 15, wherein the first

routine begins execution before the second routine.

26. The at least one computer readable medium of claim 15, wherein the

second routine begins execution before the first routine.

27. The at least one computer readable medium of claim 15, wherein the

plurality of processors are abstract processors.

28. The at least one computer readable medium of claim 15, wherein the

plurality of processors are physical processors.

29. A computer that executes a computer program for manipulating a data
structure stored on a parallel server comprising a plurality of processors, wherein a
portion of the data structure is stored on each of the plurality of processors, and wherein
the computer comprises:

an output for sending data to the parallel server; and

at least one controller, coupled to the output that:

(a) executes a first routine based on code in the computer program that

causes a first request to perform a first operation on the data structure to be sent to the
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parallel server, via the output, wherein the first routine is a routine that overloads a serial
routine that, when executed, causes the first operation to be performed serially; and

(b) executes a second routine based on code in the computer program that
causes a second request to be sent to the parallel server, via the output, wherein the
second request includes an instruction to at least one specific processor of the plurality of
processors to perform a second operation on the portion of the data structure stored on

the at least one specific processor.

30. The computer of claim 29, wherein the computer program is written in an

interpreted programming language.

31. The computer of claim 29, wherein the computer program is written in a

compiled programming language.

32. The computer of claim 29, wherein the second request specifies a splitting

of the data structure on the parallel server.

33. The computer of claim 32, wherein the splitting of the data structure is an

abstract splitting,.

34, The computer of claim 32, wherein the splitting of the data structure is a

physical distribution.

35. The computer of claim 29, wherein the computer program is a first
computer program and the second request includes a second computer program that,
when executed on the at least one specific processor, performs the second operation on

the portion of the data structure stored on the at least one specific processor.

36. The computer of claim 35, wherein the first computer program and the

second computer program are written in a same programming language.
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37. The computer of claim 35, wherein the first computer program and the

second computer program are written in different programming languages.

38. The computer of claim 29, wherein the parallel server includes at least

one processor in addition to the plurality of processors.

39. The computer of claim 29, wherein the first routine begins execution

before the second routine.

40. The computer of claim 29, wherein the second routine begins execution

before the first routine.

41. The computer of claim 29, wherein the plurality of processors are abstract
processors.

42, The computer of claim 29, wherein the plurality of processors are physical
processors.

43. A method of processing a computer program written in an interpreted

programming language that manipulates a data structure stored on a parallel server
comprising a plurality of processors, wherein a portion of the data structure is stored on
each of the plurality of processors, and wherein the method comprises acts of:

(a) executing a first routine based on code in the computer program that
causes a first request to perform a first operation on the data structure to be sent to the
parallel server; and

(b) executing a second routine based on code in the computer program
that causes a second request to be sent to the parallel server, wherein the second request
includes an instruction to at least one specific processor of the plurality of processors to
perform a second operation on the portion of the data structure stored on the at least one

specific processor.
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44, The method of claim 43, wherein the second routine is written in an
interpreted programming language.

45. The method of claim 43, wherein the computer program is written in a
compiled programming language.

46. The method of claim 43, wherein the second request specifies a splitting
of the data structure on the parallel server.

47. The method of claim 46, wherein the splitting of the data structure is an

abstract splitting.

48. The method of claim 46, wherein the splitting of the data structure is a
physical distribution.

49. The method of claim 43, wherein the computer program is a first
computer program and the second request includes a second computer program that,
when executed on the at least one specific processor, performs the second operation on

the portion of the data structure stored on the at least one specific processor.

50. The method of claim 49, wherein the first computer program and the

second computer program are written in a same programming language.

51. The method of claim 49, wherein the first computer program and the

second computer program are written in different programming languages.

52. The method of claim 43, wherein the parallel server includes at least one

processor in addition to the plurality of processors.

53. The method of claim 43, wherein the first routine begins execution before

the second routine.
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54. The method of claim 43, wherein the second routine begins execution
before the first routine.

55. The method of claim 43, wherein the plurality of processors are abstract
processors.

56. The method of claim 43, wherein the plurality of processors are physical
Processors.

57. At least one computer readable medium encoded with instructions that,

when executed on a computer system, perform a method of processing a computer
program written in an interpreted programming language that manipulates a data
structure stored on a parallel server comprising a plurality of processors, wherein a
portion of the data structure is stored on each of the plurality of processors, and wherein
the method comprises acts of:

(a) executing a first routine based on code in the computer program that
causes a first request to perform a first operation on the data structure to be sent to the
parallel server; and

(b) executing a second routine based on code in the computer program
that causes a second request to be sent to the parallel server, wherein the second request
includes an instruction to at least one specific processor of the plurality of processors to
perform a second operation on the portion of the data structure stored on the at least one

specific processor.

58. The at least one computer readable medium of claim 57, wherein the

second routine is written in an interpreted programming language.

59. The at least one computer readable medium of claim 57, wherein the

computer program is written in a compiled programming language.

60. The at least one computer readable medium of claim 57, wherein the

second request specifies a splitting of the data structure on the parallel server.

NVIDIA-ACS-0233417
Ex.1002 / Page 365 of 616
Intel Corporation et al



WO 2006/050404 PCT/US2005/039580

-39-

61. The at least one computer readable medium of claim 60, wherein the

splitting of the data structure is an abstract splitting.

62. The at least one computer readable medium of claim 60, wherein the

splitting of the data structure is a physical distribution.

63. The at least one computer readable medium of claim 57, wherein the
computer program is a first computer program and the second request includes a second
computer program that, when executed on the at least one specific processor, performs
the second operation on the portion of the data structure stored on the at least one

specific processor.

64. The at least one computer readable medium of claim 63, wherein the first
computer program and the second computer program are written in a same programming

language.

65. The at least one computer readable medium of claim 63, wherein the first
computer program and the second computer program are written in different

programming languages.

66. The at least one computer readable medium of claim 57, wherein the

parallel server includes at least one processor in addition to the plurality of processors.

67. The at least one computer readable medium of claim 57, wherein the first

routine begins execution before the second routine.

68. The at least one computer readable medium of claim 57, wherein the

second routine begins execution before the first routine.

69. The at least one computer readable medium of claim 57, wherein the

plurality of processors are abstract processors.
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70. The at least one computer readable medium of claim 57, wherein the

plurality of processors are physical processors.

71. A computer that executes a computer program written in a interpreted
programming language for manipulating a data structure stored on a parallel server
comprising a plurality of processors, wherein a portion of the data structure is stored on
each of the plurality of processors, and wherein the computer comprises:

an output for sending data to the parallel server; and

at least one controller, coupled to the output that:

(a) executes a first routine based on code in the computer program that
causes a first request to perform a first operation on the data structure to be sent to the
parallel server, via the output; and

(b) executes a second routine based on code in the computer program that
causes a second request to be sent to the parallel server, via the output, wherein the
second request includes an instruction to at least one specific processor of the plurality of
processors to perform a second operation on the portion of the data structure stored on

the at least one specific processor.

72. The computer of claim 71, wherein the second routine is written in an

interpreted programming language.

73. The computer of claim 71, wherein the computer program is written in a

compiled programming language.

74. The computer of claim 71, wherein the second request specifies a splitting

of the data structure on the parallel server.

75. The computer of claim 74, wherein the splitting of the data structure is an

abstract splitting.
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76. The computer of claim 74, wherein the splitting of the data structure is a
physical distribution.
77. The computer of claim 71, wherein the computer program is a first

computer program and the second request includes a second computer program that,
when executed on the at least one specific processor, performs the second operation on

the portion of the data structure stored on the at least one specific processor.

78. The computer of claim 77, wherein the first computer program and the

second computer program are written in a same programming language.

79. The computer of claim 77, wherein the first computer program and the

second computer program are written in different programming languages.

80. The computer of claim 71, wherein the parallel server includes at least

one processor in addition to the plurality of processors.

81. The computer of claim 71, wherein the first routine is executed before the

second routine.

82. The computer of claim 71, wherein the second routine is executed before

the first routine.

83. The computer of claim 71, wherein the plurality of processors are abstract
processors.

84. The computer of claim 71, wherein the plurality of processors are physical
processors.

85. A method of processing a computer program that manipulates a data

structure stored on a parallel server comprising a plurality of processors, wherein a
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portion of the data structure is physically stored on each of the plurality of processors,
and wherein the method comprises acts of:

(a) executing a first routine based on code in the computer program that
causes a first request to perform a first operation on the data structure to be sent to the
parallel server; and

(b) executing a second routine based on code in the computer program
that causes a second request to be sent to the parallel server, whereiﬁ the second request
defines an abstract splitting of the data structure that defines a plurality of abstract
portions of the data structure, and wherein the second request includes an instruction to

perform a second operation on at least one of the plurality of abstract portions.

86. The method of claim 85, wherein the second routine begins execution

before the first routine.

87. The method of claim 85, wherein the parallel server includes at least one

processor in addition to the plurality of processors.

89. The method of claim 85, wherein the second operation takes as input the

at least one of the plurality of abstract portions.

90. The method of claim 89, further comprising an act of:
(¢) in response to receiving the second request at the parallel server,
performing the second operation on the at least one of the plurality of abstract portions
without physically distributing the data structure on the parallel server in the manner of

the abstract splitting.
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Systems, Inc., v. NVIDIA Corporation as dated August 17, 2021 in 160 pages.
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Corporation’s Supplemental Invalidity Contentions in Case No. 1:19-¢cv-2032-CFC, Advanced Cluster
Systems, Inc., v. NVIDIA Corporation as dated August 17, 2021 in 270 pages.

10

Exhibit A-10 - Distributed Maple References, U.S. Patent No. 10,333,768, as listed in Defendant
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Cluster Systems, Inc., v. NVIDIA Corporation as dated August 17, 2021 in 262 pages.
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Corporation’s Supplemental Invalidity Contentions in Case No. 1:19-cv-2032-CFC, Advanced Cluster
Systems, Inc., v. NVIDIA Corporation as dated August 17, 2021 in 246 pages.
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Description Fee Code Quantity Amount Suz';;(t:)l in
Miscellaneous:
RCE- 1ST REQUEST 2801 1 680 680
Total in USD ($) 680
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Electronic Acknowledgement Receipt

EFS ID: 45033230
Application Number: 17374864
International Application Number:
Confirmation Number: 1083
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Customer Number:

20995

Filer:

Jordan Michael Cox/Jennifer Neat

Filer Authorized By:

Jordan Michael Cox

Attorney Docket Number: ZTANN.002P1C6
Receipt Date: 18-FEB-2022
Filing Date: 13-JUL-2021
Time Stamp: 18:35:39

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $680

RAM confirmation Number

E20222H136412362

Deposit Account

111410

Authorized User

Jennifer Neat

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 s . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
1349938
1 Request for ConthLEJed Examination ZTANN-002P1C6_RCE.pdf no 3
( ) 8b6a285431cf3599a80f181e3d8a654566€7]
e076
Warnings:
Information:
12127450
2 Non Patent Literature 2021-08-17_NVIDIA_Suppleme no 151
ntal_Invalidity_Contentions.pdf
071d1d19cd14€213851071314b2215d2bf2
Warnings:
Information:
16980608
3 Non Patent Literature A01_PVMaple_System.pdf no 270
9f42284107d9508cc14a63931cd656a0c90
Warnings:
Information:
11857045
4 Non Patent Literature A02_D|str|butedg}i\/laple_Syste no 261
mp a0137331a27a29d3146bd060fda6095 1cfa
Warnings:
Information:
21355123
5 Non Patent Literature A03_Matlab_P.pdf no 254
bd3aa72288272bb872ffd239bd314936c46)
ad884
Warnings:
Information:
4398659
6 Non Patent Literature A04_FFTW.pdf no 467
be0c587e4b2ef816a0c975e4606e46034b06)
5735d
Warnings:
Information:
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Non Patent Literature

1861221

AO05_Intel_Paragon_Maple.pdf no 137

ba6dcdc3ddd2c9a9224a0dac98a549d8284
064c8

Warnings:

Information:

Non Patent Literature

7140455

A06_Stony_Brook_GPU.pdf no 289

650b4aef374e11e8f99f5815c693e09e2ccd
b2

Warnings:

Information:

Non Patent Literature

11837044

A07_AppleSeed.pdf no 160

6444d063ae5c3299006541e31178f464e 36

Warnings:

Information:

10

Non Patent Literature

16987857

A09_PV_Maple.pdf no 270

f01cb767dfcd4e80d788a323d23e833%6¢
8cb11

Warnings:

Information:

1

Non Patent Literature

11868380

A10_Distributed_Maple.pdf no 262

bf060c619cIbade0ff8fb551f596d4ale3ae]

Warnings:

Information:

12

Non Patent Literature

20232454

A11_Matlab_P_References.pdf no 246

e5e6600128caa7bad 1fedc5779b074cbcffd

Warnings:

Information:

13

Non Patent Literature

4416100

A12-768_Patent_FFTW_Refere

no 467
nces.pdf

9073d9db692833b44f352d9cf06ffadd 1d2

Warnings:

Information:
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14

Non Patent Literature

1867818

A13_Intel_Paragon_Maple.pdf no 137

0Ofe65de6fof32e8e7062030ec70f133d5975|

Warnings:

Information:

15

Non Patent Literature

7150693

A14_Stony_Brook_GPU.pdf no 289

d8049dc913c542ff3c0ac87bce2bb005d574

Warnings:

Information:

16

Non Patent Literature

7978651

A15_AppleSeed_References.

odf no 163

04209148cbc6f6414562dbcebcaasf395a3f|
a74a

Warnings:

Information:

17

Non Patent Literature

21683734

A17_MultiMatlab.pdf no 249

82f869843862464¢7eeBe8dbbd29e65ff610)
b52f

Warnings:

Information:

18

Non Patent Literature

21713335

A18_MultiMatlab_References.

odf no 254

75€79d30cc728e4b53e9b5b745574d0d70ff
a0836

Warnings:

Information:

19

Non Patent Literature

8789563

A19_Microsoft_CCS.pdf no 11

c6bb4093e53fce225b1c5467eb90682582
16afe

Warnings:

Information:

20

Non Patent Literature

23348401

A20_SEM.pdf no 126

2f2180b60de7cad26667bdf3a6bf3f19481d|
642

Warnings:

Information:
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55123

21 ZTANN-002P1C6_IDS.pdf yes 4

8f817a14402a67297dc5f002cha36fd6b58d|
0le8

Multipart Description/PDF files in .zip description

Document Description Start End
Transmittal Letter 1 2
Information Disclosure Statement (IDS) Form (SB08) 3 4
Warnings:
Information:
37934
22 Fee Worksheet (SB06) fee-info.pdf no 2
ce69e407aff8e258d3eabachbb96883cfcld]
8cal
Warnings:
Information:
Total Files Size (in bytes){ 235037586

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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Doc code: RCEX PTO/SB/30EFS (02-18)

Doc description: Request for Continued Examination (RCE) Approved for use through 11/30/2020. OMB 0851-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application | k77,464 Filing | b451.07-13 Docket Number | -\ 002p1c6 Art 1 basg
Number Date (if applicable) Unit

First Named Zvi Tannenbaum Examiner Hermon Asres

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. The Instruction Sheet for this form is located at WWW . USPTO.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

|:| Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is hot checked.

|:| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[ ] Other

X Enclosed

[] Amendment/Reply
g Information Disclosure Statement (IDS)

|:| Affidavit(s)/ Declaration{s)

[] Other

MISCELLANEOUS

|:| Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
{Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
|Z| The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No 111410

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

X Patent Practitioner Signature

Applicant Signature

EFS - Web 2.1.16
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Doc code: RCEX PTO/SB/30EFS (02-18)
Doc description: Request for Continued Examination (RCE)

Approved for use through 11/30/2020. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature

Jordan M. Cox/

Date (YYYY-MM-DD) (R022-02-17 I

Name

Jordan M. Cox

Registration Number FGGTS

This collection of information is required by 37 CFR 1.114. The informaticn is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
P.O. Box 1450, Alexandria, VA 22313-1450.

If vou need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.

EFS - Web 2.

1.16
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Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

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

EFS - Web 2.1.16
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Docket No.: ZTANN.002P1C6 Page 1 of 2

INFORMATION DISCLOSURE STATEMENT

First Inventor: Tannenbaum, Zvi Conf. No.: 1083
App. No.: 17/374864 Filed: July 13, 2021
Examiner: Asres, Hermon Art Unit: 2449
Title: CLUSTER COMPUTING

Mail Stop RCE
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.

Advanced Cluster Systems, Inc. (“ACS”) filed suit against NVIDIA Corporation
(“NVIDIA”) in the U.S. District Court for the District of Delaware (Case No. 1:19-cv-02032-
UNA) on October 28, 2019, alleging infringement of various issued patents, including U.S.
Patent Nos. 8,082,289, 8,140,612, 8,676,877, and 10,333,768. Recently, certain documents were
received by ACS from NVIDIA during discovery. These documents, including invalidity
contentions, are hereby disclosed, adding to other documents previously disclosed from the

litigation. The litigation is ongoing.

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 within three months of the filing
date or date of national phase entry, with an RCE or before receipt of a First Office Action after
an RCE, and no fee is believed to be required.

The Commissioner is hereby authorized to charge any additional fees which may be

required, or credit any overpayment, to Account No. 11-1410.
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Docket No.: ZTANN.002P1C6 Page 2 of 2
App. No.: 17/374864

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

Dated: February 18, 2022 By:___ /Jordan M. Cox/
Jordan M. Cox
Registration No. 70,875
Registered Practitioner
(949) 760-0404

55132274
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

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

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
17/374,864 07/13/2021 Zvi Tannenbaum ZTANN.OO2P1C6 1083
20995 7590 12/08/2021 | 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 |
12/08/2021 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

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

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
. . 17/374,864 Tannenbaum et al.
Notice of Allowablility Examiner ArtUnit | AIA (FITF) 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 11/19/2021.

[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 2-31 . 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) Al b) (J Some* ¢) [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. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(3O 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.V} 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/
Primary Examiner, Art Unit 2449

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20211203
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Raeceipt date:

11/198/2021

17/374,864 - GAU: 2449

PTO/SB/08 Equivalent

Application No. 17/374864
INFORMATION DISCLOSURE Filing Date July 13,2021
First Named Inventor | Tannenbaum, Zvi
STATEMENT BY APPLICANT ,
Art Unit 2449
(Multiple sheets used when necessary) Examiner Asres, Hermon
SHEET 1 OF 1 Attorney Docket No. ZTANN.002P1C6
U.S. PATENT DOCUMENTS
Examiner | Cite 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
11,128,519
(Attorney Docket No.
ZTANN.002P1C5)
1 U.S. Application No. 09-21-2021 | Tannenbaum et al.
16/449,084 and its entire
prosecution history™*
2021/0344551
(Attorney Docket No.
ZTANN.002P1C7)
2 U.S. Application No. 11-04-2021 | Tannenbaum et al.
17/374,789 and its entire
prosecution history™*
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
3 JP 2001-229145 08-24-2001 |OKi Systek Tokai Co Ltd. X
NON PATENT LITERATURE DOCUMENTS
Examiner | Cite | nclude 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 number(s), T
publisher, city and/or country where published.
54607160

** Signature indicates consideration of publication and file history. The Examiner has access to these materials through the PTO computer systems. If
additional copies are desired, please notify Applicants through their attorneys.

Examiner Signature

/HERMON ASRES/

Date Considered

12/03/2021

*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.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /H.A./
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PTO/SB/08 Equivalent

Application No. 17/374864
INFORMATION DISCLOSURE Filing Date July 13, 2021
STATEMENT BY APPLICANT First N.amed Inventor | Tannenbaum, Zvi
Art Unit 2449
(Multiple sheets used when necessary) Examiner Asres, Hermon
SHEET 1 OF 1 Attorney Docket No. ZTANN.002P1C6

U.S. PATENT DOCUMENTS

Examiner | Cite 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
11,128,519

(Attorney Docket No.
ZTANN.002P1C5)
U.S. Application No.
16/449,084 and its entire
prosecution history™*

2021/0344551
(Attorney Docket No.
ZTANN.002P1C7)
U.S. Application No.
17/374,789 and its entire
prosecution history™*

09-21-2021 |Tannenbaum et al.

11-04-2021 |Tannenbaum 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
3 JP 2001-229145 08-24-2001 | OKi Systek Tokai Co Ltd. X

NON PATENT LITERATURE DOCUMENTS

Examiner | Cite | nclude 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 number(s), T
publisher, city and/or country where published.

54607160

** Signature indicates consideration of publication and file history. The Examiner has access to these materials through the PTO computer systems. If
additional copies are desired, please notify Applicants through their attorneys.

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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BACKGROUND OF THE INVENTION 1, Fieid of the invention The present invention relates 1o an inter-processor data commurication method, which can be used, for
axample, when dets is angfered betwaen s plaallly of processors using a non-blocking transfer instruction of an MPE (Message Passing Interface) function, s,

fC007] The present invention also raistes o sn interprocessar dets communication spparatus ssing such an inter-provessor dats communication method,
feoust

2. Deseription of the Related Art MP s 3 massags passing library whose specifications are being examined by the MM Forum,
MF from g progran weltten e langusge of Clsnguage

it is called as @ function of { or & subroutine. M

B inclidas one-to-one communication function, collective communication (ol
commuricatoy {Communiceton

icator) funation, pracess topology (Process Topoiog)

¥} There is an advantags that | can suppon 3 function, a dynamic process genarstion 7 managesrent function, 8 one-side communication function, sn extended colietiive
communization {cotiactive distribiution / integrated operation) function, and 3 paralie! input / output funation,

Ao / distribution / integration operstion} funntion, darived data type function,

fo004} Among them, the communicator function can reslize 3 multiplex communication space which has been difficult to realize with a conventional message passing
ey, and g process topology function alluws a programmer o define a process In an sasyto-undes siend form. |

Such an MPH function has a nonblocking transfer instruction as another feature.

{2008} The nonbiacking transtey instruction s, Yor example, an amihmetic processing reguiring an ensrmaus amount of arthmetic processing is shaved by a plurality of
provessors it a netwark, snd distributed processing {of parailel provessing) is parformed,
This is adventageous iy cases such a8 processing.

0007 Due to the non-blocking nature of the Tansfer insruction,

Each of the processors Involved in the distributed processing ran exscute other processing even hafors the started transier Instruction Is complataly compieted, By
cppiying the caloulation shaved by the processors among them, zach processor can execute the je transisr processing even while executing the caloulation, and
can axenis the raiciiation even while axenuting the message ransfer processing,

FIGS. 28 and 28 show a Rowehart of only the communicatinn portion for executing the norhlocking transfer Instruction. in this transfey instruction, as shown In FiQL 3,
message wanster between the processor 18 and the processor 11 in the natwork & is executed,

#1655, 25 shows the operation in the processor 10, and FIG. 28 shows the opeyation in the processay 11, The flowehart of Fi6. 24 inchides stops $1 10 85, and the
flowehar? of FIG,
To S5,

ins ordey fo Wansmit {or receive) 3 massags it the processor 10, as shown i FiG, 24, for exampls, function names MPL_isend, MP!_irecy
is grevied (51), the processor 11 alss receives {ur iransmits) the messsge, 5o that the function nemes MPLUireoy, MP_isend
{35},

Next, the processor 10 exscwles anothey procsss differemt froem the non-blocking transfer instruction, for example, the sbove-mentionad sharsd operating (32), Similarky,
the processer 11 performs ancther process different from the non-blocking ransfer ingtruction, for example, The sssigned csloutation is exetmied (57}

Then, step 83 foliowing step §2

Then, the processor 10 executes, for example, the function nems MP_Tes.

tn siep 88 folivwing step §7, the provessor 11 chedks, fur example, the unction neme MP
Walt for wanster complation corresponding ta _Wak.

i the wanstar confirmation processing in step 83, the M5!
When the function of _Test s called, ) status ndicating wheter or not the trangfer is completed is set, and the function immediately relurms 1 the Tunction osll side. if
the function of MP1_Wait is called here, a5 s00on as the wansfer is completed, the function returns to the function calling side.

8P s an application intarface and MP! for applications that use MPL
Merely specifies the funttion of each function in the function brary that should be preparad, so various contents may be conslderad s the specific contents of each
process such as the ransfer confirmation process as lung as they do not vislate the specifications. But not mentioned haee,

When ther is no problem in the operation of the netwark and each processor, and there is no fallure, the procsssor 10 performs 2 status check following a one-shot
wansfer confirrnation ($3) (843, and cormpletes the communication part nommaily. This is performad (353 Bven after the norngl termnination, the processing such as the
above-mentinned shared operation can be continuousty exacuted.

The status cheok {34} performed after the fransfer confirmation ($3) is performed barause the ransfer condirmation ($3} simply outputs whether or not the wansfer has
been compieted,

Yo know ¥ the tepnination was suscesshil,

This Is beoausa i is necessary 1 confirmn the contents of the status Dy the stetus check,

Similarly, in the novmad siste, the processer 11
Howevey, after a short transfer complation walt {33}, nerma! tervination of the communicstion part is performed (39).

Subsenuantly, when g ge other than the sbove message is wWwansferred, the same procassing as that in the floweharts of FIGS. 24 and 2B is repeated in sach of the
processors 18 and 11,

R is assumed that @ transfer instruction or the fike hae g hiscking property, each processor completely scoupine the hardware regources for the aparation until the
operation of the shared operation is completed. Then, ne other processing osn be exacuwied. That is, the trensfar nstructinn cannat he exscuted untl the operation 1o be
shered is completed, and the operation cannot be evecuted untl the transfer instruction is complelely compieted.

From this, the usefulness of the norrbiocking tansfer Instuction can be undersiood.

fooRi}
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When there is a problsm in the operation of the network or each procsssor and a failure ocowrs, he step $
The wansfer confiernation of Mo, 3 may be sorry only {or ong shot, that Is, onoe, and the transTer eompletion wall ($8) gy be sorry in 2 short fime.

i the non-blocking ransfer of the MP unction, there Is no concept of a timeout, snd transTer 6
case, the transter cortirenation i the siep 33 is repeated sndiessly. A situation In which the walting for the transfer compietion iy step 58 is urtimitedly long may aoow.

% rranagement anvd Sme moniioring cannot be perfonmed. In the worst

in this vase, the noxt ransfer is kept walting untl! the ransfer is complated, and comerunication is stagnsted. diso,
Regarding the transfer complation walt {538), when the end status cannol be obtained dus 1o some faliure, the program Is in a stoppad state, and the system is stopped.

After ail, the non-blocking transfer commarnd having such 2 probiem has the sbave-mentioned great advartage, but It can be said that the communication eficiency is
ow &% 3 wholg, the usabiiity is low, and the relishility is low

025t

Scoording to @ Test sspet of the present invention, there Is provided a communiostion function having 2 norexciusive transter instruction capable of executing o0
instruction other than the Wanstar instuction duing execution of the transfer nstruction. A methad tor transmitting and / of receiving a unit message by using an nter-
prosessos data cormmuication method, chavacterized in that @ tineout is monitored Tor the ranemission and / o seception of the unkt messsge.

in the second invention, 2 uni message s iranemitied and / of recelved by using & cummunication function having a nonexciusive transfer ingtruction capable of
executing an instruction other than the fransfer instruction during execution of the fransfer insieiction. An inter-processor data crenmmunication spparatus acconding to
claim 1, further comprising thnesid ronitoning means for monitoring 2 Hmeout with respect 1o transmmigsion and / o reception of said unit messsgs.

feaen

DESCRIPTIOM OF THE PREFERRED EMBODIMENTS (A} Embodiments First end second embodimants of the inter-prosessor deta communication method and apparatus
of the presant vention will he desaribed halow,

(8.1} Configuration of the First Embodiment FIG. & shows the interma! configuration of g processor 36 of the presert embodiment.
‘The processor 30 s the same a3 the processor 10 of FiS,

is the processor comesponding fo

Communivate with A network inciuding the processors 30 ang 81 s referred 10 ag & network 9.

i V@, 8, the procassor 30 includss 3 anster processing unit 21, a Umesut monitoring unlt 22, and 2 transter lermination wnit 23

Of these, the ransfur processing unit 27 is the same a5 that shown In FIG.
This Iz 2 portion having 2 function of executing 3 non-blocking ransfer opersiion on the ransmission side simliar o the fowchart of FG.

pote thet the tranernitting side performs the procassing of Fis.
Performing the processing iy FiG. 28 on the receiving side is an sxampi of 2 system in which distributed procsssing is performed and sach processing operates in an
ingrt-drivesn mannes, ahd IS Rt necessarly required jn the MP standard,

When a non-hioeking transfer instruction of MB!I performed, activation (MP1 lsend, MR _fres
¥} and completion of the transfer (MP_Tast or MR

_Wai}, the MPI_isend transfer confrmation inciydes the MPI_Te

=t may be used, snd MPLWaiE may be used,

Simitary, for MP_frecy,

Rot only walt for transfer completion by MPILUWai,

Gonfirrmation of cornpletion by | Test may be perforrmad, Where M

When Pi_Test is used, B is equivaient to simply inguiring about the result of the transfer, so that sn ingquiry {hat is, 2 taft to MPI_Test} must be made until the transfer is
compisted,

i the compietion of the transter cannot be sontirmed 81 the transfer confirmation in step 522 {see FIB. 1} {ihis process is the same 33 the ansfer confismation in step
a3}, the tirneout monitor 22 s the part that execies

I the timenyt cheok provess, 5 difference bebween the trsnsfer start thme and the curent time is obigined, and when the difference is equs! o o7 lunger than 3 praset
timeout time, it is detesmined that 8 iransfer timeout has conuresd, [ | is determined that & ransier fimenist has ooowrad, the timeout monioring umit 22
Sustgsts the dhmeout detection sigeal T (o the transfer termination uniy 28,

The ansfer star time required for the timeost monitoring unit 22 (o obtain the differance can be obtained by checking the time data 25 inciuded in the data struchure 26
showr in FIG,

The data sructire 26 shown in FIG. £ is a handshals stucture {hare, 3 handshake structins passed between the data transfer activation proness and the data transfer
sonfirrnation process In the same pracessar for sssccisting the trancfer activation and the confirmetion. "handshake”

indicates 2 handshake between programs in the sams processor), the reguest unit 24 and the time data unit 2

Ard 8.

The request section 24 includes the MPLE
i is & portion inciuding & date buffer addrass, a transfer word number {communioation word number), a data type, a transfer destination address (MPlrank), a
communication reguest higndie, and the ke used gs argurments of MPL functions such ss send and MPUiracw,

in the communication using the MBt function, B is necessary to specify the communication pariner and the number of communication words for each commurication.
Therefors, nach of the processors 30 and 31 resognizas the address of the comunication pariner and the number of communication words prior 1o the communication.
Hewever, this recognition is not consclous of the spplication using the MP, but should be realived by 3 method sther than the messsgs transTer by the MP function.

For exarnple, from the processor 30 to ths processor 3

For exarnpte, when a message Is ransmitted to the tansmissing scures 1, the fransmission function of the transmission source procsssor 30 parforms the handshaking
betwaen the processors prior (o e transmission of the message, and the address of the transmission destingtion provesser 31 and the gddress of the ransmigsion
destination of the message are transmitted. 1 is neoessary to specify the pumbsr of communication words, and (o specify the address of the processor 30 a5 the
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Fansmission sowee and the number of communication words of the message in the reception function of the processor 31 as the ransmission destination.
it is considered necessary to perform the method by 5 method other than the messsge transler by the Bl function,

H the MP compmunication is performed up o the interprocessos handshake, thers is 2 contradiction that further preceding MP] comnunication Is required to transmi
the address of the communication partner and the number of communication words which ars the premise of the inter-processor handshaks, Because.

accordingly, a speciic example of control communication such a5 handshaking botwesn processors is contrary 16 the spint of the present embadiment which intends to
cover the entirs range of the MPI standard as it is, and will not be described in daiail here.

The wansfer processing section 21 of the companents of the processor 30 shown in FiG. 8 iz @ ssction for taking out the argument from the request section 24, segling
e srgument in the MP! function, and activating the ransfer,

Further, the Hmeowt maniostng wlt 22 adds the thne data 28 indicaiing the communication Start time comesponding o the grgurment (0 1he request unit 24 from whith
shie transfer processing unit 27 hes sxtracted the argumern, thereby creating the data structure 26, it has the funation of generating and storing.

The wansfer termination unit 23 outputs & transter tenmination signal CL upon receiving the timenut detection signai T from the timenist monitoring unit 22, and causes
thie processor 3G w terminate the rensfer provess (message Fansmission process). . As  resull, it is possibie to prevent communication from stagnating due 1o endisss
rapetition of ransfer confirmation 28 in step 53,

in the cass of the present embdiment, it is assumed that the functions of the processor 31 on the receiving side are the same 33 those of the processor 30 o the
sransiritting side shown in FIG. Therefore, the internal configuration of the processor 31 is the same s the configuration shown in FIG,

The anly difference is that the contents of the transfer processing performed by the irancfer processing unit 21 are transmission processing in the i insion
processor 30 and reception processing in the eeception processor 31,

Hereinaftar, the operstinn of the present embodimant having the abova configuration wili Hig desnribad,

{A-3} Operation of the Firgd Ermbodiment FI5. 1 shows the processing of s communication pan of the processor 30 for ransmitting a masssgs, FIG. 1 sise shows the
processing of the communication part of the processor 31 that receives the message. The fowchart of A5, 1 inciudes steps $20%0 827,

The zontent of the processing it steg S20 may be the same 33 that in step §1.
21 miay Be the same ag step 52, step 522 may be shep 83, s3ep 823 migy be step &4, and nosmng! termingtion 828 msy be the sane 23 siep 83,

The network 9 and the processors 30 ang §1

in the: normal case swhere there is no problem in the operation such as the oparation and no fallurs occurs, in an ideal case, this flowchart is usully composed of steps
5280, 821, 822, 523 and §2.

4, The process proceeds in the order of 828 and ends normaily.

At this time, In step 522, the transier confirmation processing is parformed orly ance {(the transmission confirmation processing
The reception-side processor 31 perfomms & reception confinmstion process), snd confirmg the commpletion of the transfer in that process,
it wil: branch to the {Yes) side.

Howevey, n step 324 arranged betwsan steps 823 and 825, iranster confirmation (9223
i irsngfer compietion eannot be confirmed 81 the time of
The process branches 1o o) and the process procesds 10 siep 826,

in the process of step § 26, the tmeoi monitoring urit 22 sends the time data 25 of the data siucture 26
T determing the transier start time, ke the difference betwean the transfer start time and the curren time, and determine whether the difference 1s agual to oF greater
han 2 presel tmeout time.

it is determined that the difference is equal to of iongey then the timenist peried, step 526 branches o the Y side and the process proveeds to step 827, i it s
determnined that the difference Is less than the tmeowt period, the process proceeds again, The process procesds 1o step 522, This is & proceduwre In anticipation of the
possibiity that transfey completion may be seen within a nommal! range within #he timeous pariod even if wansfar compistion cannot be contirmed in the first ransfer
condisrmstion (3223,

in step 527, the iransfer termingiion unll 23
Canoels the ransfer reguest, that is, aborts the transfer process.

Although i deperds on how ong the Himeowt time s 568, usually, even if the transier compintion cannot be confirrmed by oneg transier confirmation (S22}, the is
ot ienrnedistely terminated {827}, Steps 522, 873,82

4, The loop compased of $26 is repeatadiy processed,

if transfer compietion is eonfirmed (82 within the tmeout perisd, the process ends with normal tenmingtion (828, snd If noy, it ends with rensfer termingtion (5273,

Hy terrninating the transier the processor 3
The processing of the communication part by 0 and 31 may start the transfer processing of the next new message {he destination of this message may be & processor
other thar the provessor 313 regpective of the rensfer complation of the messsye forever. | oan.

Note that M shown in step $27 of FIG
#_Cance! s & function reme indiesting cancallation of a renst

in the recelving provessns 31, simiiarly (0 the ansmitting pronessnr 30, ransfer confirmation (reception confirmation, recention complation wall} is repsated until the
fine s less than the Bmeout time, and transfer (reception) Is terminated when the time exceeds the timemat time. Can recelve @ message other than the message {the
source of the ge may be a processor other than the procsssor 30).

{A-3} Effacts of the First Embodiment Acnording 1o the prasent embodiment, 8 non-blocking transfer instruction of an ME function, which convantionally cowld not
perform the next transer procsssing until 2 certain wansfer processing was compieted, is execiied. Even if § is used, the nextiransfer process can be performed after
the timeout pariod, so that communication stagnation is praventsd, smooth dete {nessage) wansfer is parfonmed, overall communication efficiency is improved, and
usshifity s inproved,

The reliabiiity of commmunicntion oan be improved.
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Further, in this embodiment, by performing timeout monitaring, # is possible to determing the normaiity of  transfer path such as 8 network or a processorof g
commuriostion partne

(B} Second Embodimens (32) Configuration snd Operation of Second Bnbodirment FiG. 10 shows the intemal configuration of the transmmitting processor 40 of the
present embodiment, and PG, Recsiving processor 50
2 shows the internat configuration of Fi3. The processors 40 and 50 are inciuded n the network 50 of the present embodiment shown in FiG,

in Fi3. 1, the processor 40 includes a transfer processing unit 41, 3 Simeout monBioring unit 42, 8 wransfer termination unit 23, and a retransmission processing unit 44,

‘The wansfer proacessing section 41 cormegponds 1o the wansfer processing section 21 of the first embodimant. Similarly, the tmeou monitoring unit 42 corresponds o
e tirmenut roonitoring unit 22, and the ransfer termination unlt 43 corrasponds o the transfer termination unit 23,

Therafors, the subsismial diferance i speration batwesn the processor 485 of the present simbodiment and the processor 30 of the frst embodivnent s timiied to the
portion reiated io the retransmission processing unit 44,

The operation of ths processor 40 is shown In the Howehart of FIG, The flowehant of FIG,
33, esch step 530 indicating ransfar start (ransmission stan) coresponds to step 520 In the ransmitting processor 30 of the first embodiment.

Simfiarly, step $371 is the same a8 siep 531,
Step S32 coresponds (o Step 322, Step 332 coresponds 1o Siep $23, Step 334 corresponds 1o Atup 524, Rep S38 corssponds to Mep $28, and Siep 536,
Comesponds 10 g3gp 836, and step 837 corresponds io step §27.

Therefore, in F1G. 3, only step 338 is 2 step unique to this smbodiment.

After il the processor 40 of the present smbodiment and the fiest
i the configurstion of the processer 30 of this embodiment, the substantis! differance in operation is imited 14 the portion refated to the retransmission processing
saction 44 and the refrangrmission procsss 38,

On the other hand, i FiG.
Has a Fansfer processing unit 41, 3 timeout monitoring unil 42, 3 ransfer (grmination unit 43, 3 synehronous data check unit 51, and a discard processing unit 52,

Thie functions of the portions dencied by the same reference numernals a8 thoge I FIG, 10 sre the same as those i FI5, Thisis part 4
1,42, and 43,

The operation of ths processor 5 is shown in the Howehart of FIG, The flowchant of FIG,
The step 540 ndicating the ransfer siort (reception siort) corresponds o step $E0 in the receptivnegide processer 31 of the first embodiment.

Simtiarly, step S41 Is performed In step 841,

21, step S47 corrasponds to siep H22, step $43 corssponds to step 323, step 344 corresponds 1o step $24, step 345 conesponds to step $28, and siop 548
corssponds to step 546, Step $47 cowesponds to 826,

Comesponds 1o the step 327,

Therefore, in 7165, 9, only step 348 is a step unigue to this smbodiment.

After ail, the processor 80 of the prasent smbodiment and the first
in the configuration of the processor 31 of the third embodiment, the substantial difference in operetion is limited to the synchronous data check unit 51, the discard
processing unit 52, or the part 7elated to the synchronous data chatk procassing 848,

i the following, only differennes between the presaent ambodirnant and the first erhodiment wiil be destribed,

in the ramgmission-side processor 40, fig retransimission processing seotion 44 operates o perform the retranssmission processing in step 538 after the angfar
ernination processing i step $37 is performed.

That is. the difference between the transtar start (ransmission start start) time and the curent Hime is caicuiated, and the differsnce is egual 10 o longer than & preset
Grngout time, and B s determined thet g transfer tinenut has occured, This is the vase.

When scourrence of 2 ansier Himeout is recognized in the transmitting processar 48, it s highly ikely thet 2 normal message has not been recelved by the recelving
processor 5 in the pravicus transier, so that a message having the same content is redransiritted by the retransmnission processing S38. Transmit and ensure
cofnmyniostion relighitity,

O the othar hand, in the receiving processor 80, the synchronous data check unit 51 operates 1o perform the synchranous data check procassing in step 348,
This is 1o prepare for the reception of the message iransmitiad by the wansmission-side processor 44 by 37,

i the present erfindiment, a message {ransfer taxt) ME ransmitted from the ransmitting processor 40 and received by the receiving processor 50 is, 85 shown in FIS,
The value of the synchronois data 81 having the strecture with the added 30 is changed based on & predetermined ragulerity svery time the transfer procassing unit 41
of the ransmitting processor 4G ansmits the message ME having the now ransmission data DE. | inthe present embodirnent, this change nporation s sssumad 16 He
s morernent (+13,

Therefore, when normal trancmission and reception are performed, the synchrornization data S0 of the Bime-serise message ME ransmitted and received Is seguentinlly
ncremented, Howavar, when refransmissinn and reception theraof are performed, the synchronization data S having the seme value is ofitained. The message ME
Faving the 80 is subseguently ansmitted and reveived,

in the receiving processor 50 thet recsives these messages ME, the synohronization data check unll 57 siores at lzast the vaiue of the synchronization dats 80 redating to
e messags ME recalved last time,

The value of the synchronous data 8D of the messags ME received shis time is compared, and If they are the same, 8 coincldence signal indicating the coincidence of the
synchronous data 30 is ransmitied to the discard processing urit 52

The discard processing urit 52 that has recaived the colnnidenne sianal discards the contents {data D) of the previously recaived massage ME stored in the transfer
processing uni 41, Performing such a discarding process is kely 1o have & problem inthe fer route of the je ME when & timeout coours,
This is because the possibiiiity that 2 ensmissinn eyror has coowred in the date DO Is considered 1o be higher than when no timenut coours.
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in order {0 expiain the operation of the pressnt embodiment. 3 case whers the transfer processing 8s shown in 7165, 7 is performed betesan the processoes 40 and 50 will
fae desuribed ag an example.

W FIG, 7, I the transler of the sequence SE1, the value of the synchronuss data S0 s sel 3o ™19 and the message ME iz set,
Ne tirneout is detested by either the processor 40 on the transmission side or the processor 50 o the recsption side.

i this nase, the fiswehart of FiG. 8 ands with the normal end S35, and the Rowrhart of FIG. 9 ends with the nommat end $35.
Afier 45, the synchronous data check processing 848 s performed and the processing ends. in the current synchronization data check process $48, & value ditferenm
from the "1, for example, "7 is delected as the valus of the synchronization data S of the mossage ME recsived last time. The unit 52 doss not opecate,

Therefors, the transmission-side pronessor 40 starts ransmission activation procassing 830 for wansmitting the next message ME.
is performed, and the ned message M
Arecpption start procsss $40 for meelving £ is performed.

Next, In the message Bansfer of the sequence 8821, a thnema Is detacted on the ransmission side for the transiey of the massage ME In which the vaiue of the
synchronous data SO iz "2°, and the wanstsr termingtion processing $37 is performed.

At this time, since no tmeout has been detected in the recsiving processor 3C, the synchronous data check processing €48 is performed fnllowing the nosmal end
processing $45 as in the previous case, and the message ME with the vaiue of the synchronaus data 50 of "2" is executed. Is received, and receptinn start processing
46 for recaiving the next message ME Is parformed.

i the seguence SE2-2 foliowlng the seguencs 3E2-1, the retransmission processing unit 44 of the iranemitting processor 4 functions o perform the retransmission
provessing $38 of tha message ME whose synchroneus data SD s 2%

The retransiigsion processing S3% Reell has the same logical structure as the entire Bow chart of FIG. 8, and i necessary, the retransmission processing rsy be
repaatedly performed two of more fimes.

Assuming that the message ME refransmitied it step 538 is normally received on both the tansmitting side and the receiving side without datecting a timenut, the
receiving processor 80 checks the synehronous dets after the normsh end processing 848, In process 848, the message ME received this time

0f the synchronous data 80 is "2", which is the same 35 the previously received massags ME and the ransmilting side performs ratransmission processing 83.
Recognizing that step 8 has bean performed, the discard processing unit 52 is oparated,

The discard processing unit 52 discards the message ME whase previously received synctronous dats ST "%, and treats the message ME whose received
synchronous data S0 is "2” as a gerstine receivd message.

in the next seguence SE3-1, the firmeout of the transtor of the message ME whose synetronous data 8D is °3° has bean detectad by the recelving processor 3G, so that
the transmitting processor 4G has also sucvsssiuily eommpleted the transmizsion in step 533, Cannet be confirmad, and & timenit is deteted on both the transmitting
side and the reneiing side.

At {his tinne, the pie ing of the Hting processor £ ends with the transfor abort processing 537, snd the processing of the recelving processor 80 siso ends with
the transfer sbort processing 847,

in the sequence $3-2, the transrmission-side processor 40 that has completed the previous iy ge transmission i the transfsr terminegtion processing 887 executss
the same retransmission processing 847 of the messags ME whose synchronous ¢ata 8D is "3 a5 the previous time,

This massage ransfey Is normally complatad on both the ransmitting side and the raceiving side without datacting & timeout {S3

5, 845}, the synchronous data cheok processing 348 is executed on the recelving side, but the timeout has been detected on the receiving sides the previous time, so that
the synchronous data 8D of "3 is recalvad by the racelving side pronassar 50, Message M

This i the first reception of £,

Theresfier, the same opsrstion as each sequence in FiG. 7 can be repeated.
{8-2} £ffects of the Szaond Embedinment Aczording to the present embodimerd, the same effecis as thuse of the first emboedimant can be obisinad,

in addition, in the prosent envbodimen?, by perforring retransirdssion af the tirme of transfer tmeow, 1 is possible to increase the relisbliity of data {ransier In the sense
gt the frequency of onsurrences of data {message) st cannot ke ransfered can be reduced. itis,

{03 Other Embodimerts In the second embodimen, the retransmission processing 838 iiself has the same logical struchire as the entire flow chert of FIG. B and ¥
RELRSSAY, Tennals the ratransmission processing at least twice. i executad, but & is not nenessary 1o do 5o,

For exaraple, the message wransmission is parformed uniformiy or onee a predetermined muamber of fimes withait parformning the Wransty confiemation $32 oF the status
check $33.
8.

Depending on e type of flure (el scows In the natwark the provesser, o the like, there may be 3 case where 2 thneast is detected even Hralrsnsmission is repeated
rnany tirnes. i such @ case, repesting the retransmission sel! will solve the invention. This is because there is & possibility that sub iaily the same problem as the
problem such as communication stagnation of systerm stoppage doescribed in the sectinn of the problom will be caused,

i the first and second embodiments, the numbe of processors inciuded i the nebwork is two. However, i is natural that the nwnbier of processors osn be increased 1o
hree of o, .

Furiher, the preserd invention cam be applied 10 a standarnd in which the main part is the same as the MPY, but partiaily differsnt,

That Iz, the present invention relates 10 3 rathod Tor ransmitting and / of recabving unilt data wing & commmemication function having a non-exclusive transier Instruction
capabie of exscuting sn instuction other than the transier instruction during execition of the frensfer instruction. The data cormunication method snd apparatus can be
widely apptied.

im0l

&g degoribed shove, aoensding to the prasen: invention, the communiczation eficlency can be improved, the usebilty can be improved, snd the cormrrunication reliahility
can be improved while enjoving the advardages of the non-exciusive fransfer instruction. |
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[Brief description of the drawings]
FIG. 1 15 a flowehart showing an operstion of the first ambodiment,
it 2 18 3 Rowcehary showing the operation of 3 conventions processor on the ransmitting of receiving side in 2 network,

F18. 3 iy & sehematic diagrarn showing ) eonfiguration of 2 network aueording (o the first and sevond embodiments,

£

3. 4 is a schematic diagram showing a configuration of a data structure used in the first and second smbodimenis.

I3

G. § s 3 schematis disgram Hiustrating an internel configusation of a processor actording 1o the first embodiment.

Fi

6. & i3 a schomatic diagram illustrating a structure of a message in the second embodiment.

FiG. 7 s an operation explanatory diagram Hustrating a7 inter-processor eomremication operation according fo the second smbodimant;
FIG. 8 is a flowchart ilustrating an operstion of & ransmiBting processy secording 1o the second embodiment,

FI5. 8 is & flowohart iustrating an operation of 8 receiving processor according 1o the second smbodimant.

FiG. 10 is 3 schematic dipgram ilustrating an interna! configuration of a tansmissior-side processor aceording (o the second embodiment.
FI6. 11 i3 a schematic diagram fHlustrating an internal configuration of 2 recelving processay aceording i the second embodiment.
[Exptanation of symbols]

8,9, 6l Natwork, 10, 11, 3G, 3
1,48, 80 Processor, 21, 41 Transter proceasing unit, 22, 42 Timeowt monitoring unll, 28, 43 Trangfer termination unit, 44: Retransmission processing uni, §1:
Synohronous data cheok unl, 52: Discard pronessing unit, SO Synchronous data, DG

. {rgnsmission) dats, ME . message,
Sitniiar Documents N

Continuing from the front page {72} Invantor Shigses Minami 1-7-12 Tocanomon, Minatorks, Tekyo UK Rlectic industry 0o, Lid. {72} inventor Akihtke Sugisawa 1-7-12
Tompmaandinatodu, TolamBd BoqidaindusingF term in referenne {reference) B804S BRI BR42 844 JJUE 1114 0145

F05-05-14 Tegt too! and methods for testing s computer function employing & multhgysien: testcass

2002-05-21 Dovenlosdabie stnart proxies for perfarming processing associated with & rernste procedurs oslf in 3 distributed systern
.2966—0.2-2’: . Céc-c-rdinétion-':a.nt:ic fr:.amewor.k for s':;ﬂware .deaign m a diséribuiad. envirsr.amem . . . . . .
2%1.4@1-2&.2 Acc-:-.larated.execsjt‘;m for émuiatéd envir.'.:nmem.s . . . .

2000-06-26 pethod and apparaius for inplementing erisoe between chieot-orlented languages

20061114 dethod and spparatus for ipvoking and processing objects asynchroncusty

1999-05-02 fethods and apparatus for remote method invonation

23160617 Aystemn and method for inter connection betwasn companent in using sofiware bus

201208-2¢ Mathod and system o seading dats, relsted notwork and cormputer prograrn product thereior

2006 Altgning UML 2.0 state machings snd temporal logie for the officient axecution of garvices

1997-08-1% dMathod and device for dvnamically boarding method cailing exeeption code

2001-08-24 Method and davics for date cummurnication between procsssors

19041328 Remote provedure avnessing method

20250627 Tasit scheduling exenstion methind, related device and medium

20010518 Downloadabie smart proxies for perfonming proeessing associated with 8 remote procedurs calf in 8 distributed system
200% Praving the correctnzes of ollent/servar soflware

1954-10-28 Distribanied provessing sysiem

2003-08-07 Agert systen and information processing mathod

.20{“19 . D.'yna(zo:.?@‘RBFI: a bes‘(. affory ?.or Q&S;assura:nce of &vnamif; mconi.igumtic;n of da;:aﬂaw :;:ysﬁems.

1984 Goncarvent cunmunioation and syachronization mechanisms

.1 994-0.2-34 h.:farmai.ion pmé‘:essm . . . . . .

2019-08-13 Sysiem and methed for MF implemeniation In an embedded oparating sysiem

203264221 Application program runring method, device and system

20706 Device snd method for processing appiication between different processer, and sppiivstion processor{ap) cormmurication syster

comprising the same davics
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Priority And Related Applivations

Priority Applications {1)

Anninatian
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20000218

1992-08-17 A method of communicating data for multiprocessos sysiem

s
w5

20000216 hethod and dovics for data cormrmunication betweasn processors

&

2000-02-1¢ rethoed and device for data communicetion hetwesn processors
Legal Fvenis N
Code Tiie

2006-62-01 AG21 Writtan request tor application examination Free format fext JAPANESE INTERMEDIATE CODE: AG621
Efactive date: 20050131

2007-07-27 A7 Report onreieval Frae format text JAPANESE {NTERMEDIATE CODE: AS71007
Effective date: 20070727

20070808 A131 Motification of reasons for refusal Fraa formal fext JAPANESE INTERMEDIATE CODE A1
Effective date: 20070807
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= method
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Hfective date: 20071204

-~
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Electronic Patent Application Fee Transmittal

Application Number: 17374864
Filing Date: 13-Jul-2021
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Filer:

Jordan Michael Cox/Janet Teeters

Attorney Docket Number:

ZTANN.002P1C6

Filed as Small Entity

Filing Fees for Utility under 35 USC 111(a)

Description

Fee Code
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Sub-Total in
USD(S)

Basic Filing:
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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 Suz';;(t:)l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 2806 1 130 130
Total in USD ($) 130
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Electronic Acknowledgement Receipt

EFS ID: 44321921
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International Application Number:
Confirmation Number: 1083
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First Named Inventor/Applicant Name:

Zvi Tannenbaum

Customer Number:

20995
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Jordan Michael Cox/Fabiola Esmerio

Filer Authorized By:

Jordan Michael Cox

Attorney Docket Number: ZTANN.002P1C6
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Filing Date: 13-JUL-2021
Time Stamp: 18:44:19

Application Type:
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Payment information:
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Payment Type CARD
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RAM confirmation Number

E2021AI1144513120

Deposit Account
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Fabiola Esmerio
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37 CFR 1.17 (Patent application and reexamination processing fees)
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File Listing:

Document s . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
46254
1 ZTANN-002P1C6_|DS.pdf yes 3
a4aBleebedff2125ac2fae19f7df0554d4 121,
8d3

Multipart Description/PDF files in .zip description

Document Description Start End
Transmittal Letter 1 2
Information Disclosure Statement (IDS) Form (SB08) 3 3
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749751
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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.002P1C6 Page 1 of 2

INFORMATION DISCLOSURE STATEMENT

First Inventor: Tannenbaum, Zvi Conf. No.: 1083
App. No.: 17/374864 Filed: July 13, 2021
Examiner: Asres, Hermon Art Unit: 2449
Title: CLUSTER COMPUTING

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.

Pursuant to 37 C.FR § 1.97(g) and (h), Applicant makes no representation that the
information is considered to be material to patentability. Additionally, inclusion on this list is
not an admission that any of the cited documents are prior art in this application. Further,
Applicant makes no representation that better art does not exist.

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 the mailing date of a final

action, Notice of Allowance, or other action that closes prosecution.

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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Docket No.: ZTANN.002P1C6 Page 2 of 2
App. No.: 17/374864

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: November 18, 2021 By:__ /Jordan M. Cox/
Jordan M. Cox
Registration No. 70,875
Registered Practitioner
(949) 760-0404

54613371
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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 11/18/2021
KNOBBE MARTENS OLSON & BEAR LLP ASRES, HERMON
2040 MAIN STREET
FOURTEENTH FLOOR | ARTUNIT PAPER NUMBER |
IRVINE, CA 92614 2449
DATE MAILED: 11/18/2021
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
17/374,864 07/13/2021 Zvi Tannenbaum ZTANN.002P1C6 1083

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 $600 $0.00 $0.00 $600 02/18/2022

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 11/18/2021 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
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. |
17/374.,864 07/13/2021 Zvi Tannenbaum ZTANN.002P1C6 1083
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 $600 $0.00 $0.00 $600 02/18/2022

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
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

I APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
17/374,864 07/13/2021 Zvi Tannenbaum ZTANN.002P1C6 1083
20995 7590 11/18/2021 | EXAMINER |
KNOBBE MARTENS OLSON & BEAR LLP ASRES, HERMON
2040 MAIN STREET
FOURTEENTH FLOOR | ARTUNIT PAPER NUMBER |
IRVINE, CA 92614 2449

DATE MAILED: 11/18/2021

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

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

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

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

Page 3 of 3

PTOL-85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

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

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

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
. . 17/374,864 Tannenbaum et al.
Notice of Allowablility Examiner ArtUnit | AIA (FITF) 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 08/04/2021.

[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 2-31 . 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) Al b) (J Some* ¢) [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. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(3O 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.} Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.V} 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.
/HERMON ASRES/
Primary Examiner, Art Unit 2449

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20211106
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Application/Control Number: 17/374,864 Page 2
Art Unit: 2449

DETAILED ACTION

REASONS FOR ALLOWANCE

Claims 2-31 are allowed over the prior art of record.

The following is an examiner's statement of reasons for allowance:
In interpreting the claims, in light of the specification the Examiner finds the

claimed invention to be patentably distinct from the prior art of record.

Block et al. (2005/0021751) teaches an apparatus, program product and method
utilize cluster data port services within a cluster infrastructure to provide reliable and
efficient communications between nodes in a clustered computer system. The cluster
data port services present an abstracted transport service that encapsulates and
manages the establishment of multiple connection paths 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 from the perspective of a user program. (See

Abstract).

Fought et al. (6,074,427) teaches a system and method for simulating multiple
clusters of independent computer nodes in a single machine. A cluster contains one or more
computer nodes interconnected by a communications link. A user can simulate a cluster of n

nodes by generating n user-level procedures where each user-level procedure represents the
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Application/Control Number: 17/374,864 Page 3
Art Unit: 2449

kernel of a respective node. An additional mechanism is provided which allows a user to
exercise the operation of any intended function in any of the nodes in any of the clusters. (See

Abstract).

Singh (8,601,101) teaches a system and method for each node in a cluster
including a peer-to-peer communication channel compiling and maintaining its own
cluster membership are disclosed. In one embodiment, each cluster node may be
coupled to every other node and commonly-accessible storage through a network.
When a node starts up and attempts to join the cluster, it may access cluster
information data stored in the commonly-accessible storage. This information may
include a list of all nodes that are potential cluster members. Based on the cluster
membership information, the joining node may request a peer-to-peer connection with
each potential cluster member. When such a request results in establishment of a
connection, the joining node may add the name of the target node to its cluster
membership list. Likewise, when a member node grants a connection to a node, it may

add the joining node to its cluster membership list. (See Abstract).

However, the prior art of records fail to teach or suggest individually or in
combination as set forth in independent claims 2 filed on 08/04/2021. Claims 3-31

are also allowed for the same reasons.

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
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Application/Control Number: 17/374,864 Page 4
Art Unit: 2449

accompany the issue fee. Such submission should clearly labeled “Comments on

statement of Reason for Allowance”.

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 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 published or unpublished applications may be
obtained from Patent Center. Unpublished application information in Patent Center is available
to registered users. To file and manage patent submissions in Patent Center, visit:
https://patentcenter.uspto.gov. Visit https://www.uspto.gov/patents/apply/patent-center for more
information about Patent Center and https://www.uspto.gov/patents/docx for information about
filing in DOCX format. For additional questions, contact the Electronic Business Center (EBC) at
866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service

Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
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Application/Control Number: 17/374,864 Page 5
Art Unit: 2449

/HERMON ASRES/
Primary Examiner, Art Unit 2449
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Application No. Applicant(s)

17/374,864 Tannenbaum et al.
. iy . i A AlA (First Inventor P
Examiner-Initiated Interview Summary Egﬁgﬂ ASRES Urntit to Fi(le) Status 9
2449 |No 10f1

"HERMON ASRES Primary Examiner Telephonic
Jordan Cox (REG NO 70,875) Attorney

Date of Interview: 06 November 2021

Issues Discussed:

Other

Examiner contacted applicant to file a Terminal Disclaimer in order to put the application in condition for
allowance. Terminal disclaimer was filed and approved on November 02, 2021.

/HERMON ASRES/
Primary Examiner, Art Unit 2449

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

Applicant recordation instructions:It is not necessary for applicant to provide a separate record of the substance of 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.

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20211106
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Notice of References Cited

Application/Control No.

Applicant(s)/Patent Under

17/374,864 Reexamination
Tannenbaum et al.
Examiner Art Unit
HERMON ASRES 2449 Page 1 of 1

U.S. PATENT DOCUMENTS

* Coumzogggg_ec:nl:lbiTEi:L Code MI\E)I» ?}?{YY Name CPC Classification US Classification
* [ A | US-20050021751-A1 01-2005 Block, Timothy Roy GO06F9/54 709/225
* B | US-8601101-B1 12-2013 Singh; Servesh Pratap H04L69/40 709/223
* [ ¢ |us-6074427-A 06-2000 Fought; Steven K. GO06F9/45558 703/21
* | D | US-6968359-B1 11-2005 Miller; Robert GO06F9/5061 709/205
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T

NON-PATENT DOCUMENTS

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
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\
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X

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

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

Notice of References Cited

Part of Paper No. 20211106
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Notes 17/374,864 Tannenbaum et al.
T Y
HERMON ASRES 2449
CPC - Searched*
Symbol Date Examiner
CPC Combination Sets - Searched*
Symbol Date Examiner
H04L41/0213, H04L29/08072, H04L29/06, H0O4L41/22, H04L41/12 11/06/2021 HA
US Classification - Searched*
Class Subclass Date Examiner
709 223 11/06/2021 HA

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

the search.

U.S. Patent and Trademark Office

Page 1 of 2

Part of Paper No.: 20211106
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Notes 17/374,864 Tannenbaum et al.
T
HERMON ASRES 2449
Search Notes
Search Notes Date Examiner
Searched East (US Patents, USPGPubs, EPO, JPO, Derwent, IBM) 11/06/2021 HA
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"gridMathematica 1.1: Grid Computing Gets a Speed Boost from Mathematica 5", The Mathematica

Journal, Vol. 9, No. 2, August 25, 2003, in 1 page.

<https://web.archive.org/web/20040618053429/https://www.mathematica-

journal.com/issue/v9i2/newproducts/gridmathematica.htmi>

HAMSCHER et al., "Evaluation of Job-Scheduling Strategies for Grid Computing”, GRID 2000, 2000, pp.

191-202.

HAYNOS, Matt, "Perspectives on Grid: Grid Ccomputing -- Next-Generation Distributed Computing”, IBM

/H.A./ |121|Developer Works, January 27, 2004 in 7 pages, http://www-106.ibm.com/developerworks/library/gr-

heritage

/8.8 1119

/H.AL/ (120

/8.2, /122|HEAL et al., "Maple V: Learning Guide", Springer, Waterloo Maple Inc., 1996, 1998, pp. 300.

HILLIS, W. Daniel, "Richard Feynman and The Connection Machine", for Physics Today, originally
/H.A./ 123 | published 1989, http://longnow.org/essays/richard-feynman-connection-machine/, printed October 1,
2019, pp. 8.

/E.B./ [124|"INSTALL", File, Distributed Maple Application Software, June 16, 2000, pp. 5.

/H.A./ 125|"INSTALL", File, Distributed Maple, March 28, 2003, pp. 4.

126 Source Code, "Berlekamp Distinct Degree Factorization", Distributed Maple Application Software from the
fH.A./ "distsoft" directory, v. 1.1, July 26, 2001, pp. 58.

JH.A./ 127 Source Code, "CASA NeighbGraph", Distributed Maple Application Software from the "distsoft" directory,
o v. 1.6, January 9, 2001, pp. 47.

Source Code, "Maple Interface to Java Scheduler", Distributed Maple, dist.maple5, v 1.63, March 28,
/8571128 2003, pp. 28

129 JAIN et al., "Data Clustering: A Review", ACM Computing Surveys, September 1999, Vol. 31, No. 3, pp.
/E.AS 264-323,

130 KEPNER et al., “Parallel Matlab: The Next Generation”, MIT Lincoln Laboratory, Lexington, MA, August
JH.AL/S 20, 2004, pp. 2.

/H.A. /131 KIM et al., “Introduction to Parallel Programming and pMatlab v2.0”, MIT Lincoln Laboratory, Lexington,
MA, 2011, pp. 30.

JH.AL/ 132 |KOFLER, Michael, "Maple: An Introduction and Reference", Addison-Wesley, 1997, pp. 545.

KONISHI, et al., "Performance Evaluation of Parallel Computing Tool for MATLAB on PC Grid

4
/LR 133| £ onment.” IPSJ SIG Technical Reports, August 5, 2005, Vol, 2005, No. 84, pp. 9. X-Abs
1134 MAEDER, Roman, "Mathematica: Parallel Computing Toolkit - Unleash the Power of Parallel Computing",
/H.AL/ Wolfram Research, January 2005, pp. 95.
/H.A./[135 MATSUMURA, et al. "Construction of Distributed Computing System for Large-Scale Matrices Intended or X-MT

Reduction of Communication Blocks", August 5, 1998, Vol. 98, No. 18, pp. 9.

"MPI: A Message-Passing Interface Standard", Message Passing Interface Forum, June 12, 1995, pp.
/a.n. /(138239
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/8.5, /137 |PAU et al., "Distributed Mathematica - User and Reference Manual”, July 5, 2000, pp. 18.

/.5, /7 |138| Pingpong MPI Benchmark - SEM vs ‘grid”', Dauger Research, Inc., January 2009, 1 page,
TRt http://daugerresearch.com/pooch/mathmatica/

/u.a. /| 139|"README File", Distributed Maple Application Software, July 26, 2001, pp. 3.

/H.3a. /140 |"README File", Distributed Maple 1.1.15, March 28, 2003, pp. 5.

/H. 2./ | 141|Reference Manual, TRANSPUTER, Inmos, IMS, January 1987, pp. 162.

SCHREINER et al., "Distributed Maple: Parallel Computer Algebra in Networked Environments", Journal
of Symbolic Computation, March 2003, Vol. 35, No. 3, pp. 305-347.

SCHREINER, Wolfgang, "Distributed Maple - User and Reference Manual (V 1.1.12)", Research Institute
/E.A./|143|for Symbolic Computation (RISC-Linz), Johannes Kepler University, A-4040 Linz, Austria, July 6, 2001,
pp. 1-37.

144 SHERWANI et al., "Libra: A Computational Economy-Based Job Scheduling System for Clusters",
/E.AL/ Software-Practice and Experience, 2004, Vol. 34, pp. 573-590.

145 TATEBE et al., "Efficient Implementation of MP| Using Remote Memory Write," Transactions of
/H.A./ Information Processing Society of Japan, May 1999, Vol. 40, No. 5, pp. 14.

TEPENEU et al., "MathGridLink - A Bridge Between Mathematica and 'the Grid", Department of
146 | Computer Science, Graduate School of Systems and Information Engineering, University of Tsukuba,

/H.A./ (142

X-Abs

/H.5./ 2003, pp. 4.
JH.A./ 147 U.S. Provisional Application No. 60/799,474, filed May 10, 20086, titled "Graphical Interface for Monitoring
e Status of a Concurrent Computing Process", in 45 pages.
148 U.S. Provisional Application No. 60/813,738, filed June 13, 2006, titled "Pooch/Mathmatica Interface", in 6
/E.B./ pages.
149 U.S. Provisional Application No. 60/850,908, filed October 11, 20086, titled "Poochmpi Toolkit for
JH.A./ Mathematica", in 25 pages.

s 150 "Wolfram gridMathematica™", <http://www.wolfram.com/products/gridmathematica/> as printed October
/H.AL/ 3, 2007 in 2 pages.

/¥B.a./| 151 |WOLFRAM, Stephen, "The Mathematica Book", 5th Edition, Wolfram Research, Inc., 2003, pp. 1486.

/H.a./ |152|NVIDIA Power of Attorney, Octboer 5, 2020, pp. 2.

/u.a. /| 153|Ex. 2001 - Singh Declaration, February 9, 2021, pp. 42.

/H.a. /| 154|Ex. 2002 - Singh CV, pp. 4.
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/H.A. /| 155 |Ex. 2007 - Bhansali Declaration, February 9, 2021, pp. 5.

/¥.A. /{156 |Ex. 2008 - Bancroft Declaration, February 9, 2021, pp. 13.

/H.A./ [157|Ex. 2009 - SEM Poster, 2009, pp. 1.

/H.A./ |158|Ex. 2011 - SEM Manual, pp. 20.

/8.5, / |159|Ex. 2012 - SEM White Paper, 2007, pp. 20.

/H.2./[160|Ex. 2013 - SET White Paper, pp. 7.

/H.A./|161|Ex. 2014 - SET Manual, pp. 67.

/H.A./ |162|Ex. 2015 - SET Presentation, December 2011, pp. 54.

/H.n./|163|Ex. 2016 - SET Datasheet, pp. 4.

/H.A./|164|Ex. 2017 - Parallel Bars the Economist, June 4, 2011, pp. 9.

/H.A./|165|Ex. 2018 - SET Presentation, HPC for the Missing Middle!, December 2011, pp. 4.

/H.n./|166|Ex. 2019 - DOE Review of Plasma Visualization Project, 2015, pp. 5.

JH.A./ 167 |Ex. 2020 - SET Data Sheet given to Jones, pp. 4.

/H.a./ |168|Ex. 2021 - DOE Review of Expanded Validation Project, 2015, pp. 5

/H.A. /| 169|Ex. 2022 - DOE Review of SET Windows Implementation, 2015, pp. 5.

/H.A./ |170|Ex. 2023 - SEM an Independent Report, 2008, pp. 2.

/8.a. /| 171|Ex. 2024 - Multicore Parallelism presentation, February 2011, pp. 2.

/H.A./ |172|Ex. 2025 - DOE SET Windows Project Narrative, pp. 2.

/5.2, /173 |Ex. 2026 - DOE Topics, pp. 11.
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/®.A./|174|Ex. 2027 - Dauger Declaration, February 9, 2021, pp. 30.

/8.5, /|175|Ex. 2028 - Nexus Claim Chart - SEM - 768 Patent, pp. 13.

/H.a. /| 176|Ex. 2029 - Nexus Claim Chart - SET - 768 Patent, pp. 17.

/8.4, 4177 |Exhibit 1002 - File History of USP 10,333,768 B2, pp. 627.

/E.A./ 178 | Exhibit 1005 - Declaration of Henry Tufo, October 2, 2020, pp. 132.

/H.A./ |179|Exhibit 1006 - Declaration of Wolfgang Schreiner, October 1, 2020, pp. 85.

/H.A./|180|Exhibit 1007 - Declaration of Sylvia Hall-Ellis, October 5, 2020, pp. 109.

/H.A. /1 181|Exhibit 1019 - SUN Debuts UltraSPARC IV (2003), pp. 2.

/H.A./ |182|Exhibit 1020 - AMD to Unveil Dual-Core PC Chips (2005), May 31, 2005, pp. 1.

/H.A. /[183|Ex. 2001 - Singh Declaration, February 9, 2021, pp. 42.

/H.a./ | 184|Ex. 2030 - Dauger Declaration, February 9, 2021, pp. 31.

/H.A./ |185|Ex. 2031 - Nexus Claim Chart - SEM - 768 Patent, pp. 13.

/H.A./ |186|Ex 2032 - Nexus Claim Chart - SET - 768 Patent, pp. 40.

JH.B./ 187 | Exhibit 1105 - Declaration of Henry Tufo, October 9, 2020, pp. 147.

/H.3A./|188|Exhibit 1106 - Declaration of Wolfgang Schreiner, October 1, 2020, pp. 85.

/H.2./|189|Exhibit 1107 - Declaration of Sylvia Hall-Ellis, October 9, 2020, pp. 255.

/E.&./[190|Exhibit 1134 - Maple 5 - PC Magazine (1992)

FH.A. /[191]|Exhibit 1135 - Maple V Looks Better with Improved Graphics - PC Magazine

JH.A./|192|Exhibit 1136 - Nayak, A Library based compiler to execute MATLAB Programs
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/H.A. /193 |Ex. 2001 - Singh Declaration, February 9, 2021, pp. 41.

/H.A./ | 194|Ex. 2033 - Dauger Declaration, February 10, 2021, pp. 30.

/H.A./ |195|Ex. 2034 - Nexus Claim Chart - SEM - 612 Patent, pp. 11.

/H.a./|196|Ex. 2035 - Nexus Claim Chart - SET - 612 Patent, pp. 14.

/.5 /| 197 |Exhibit 1002 - File History of USP 8,140,612 B2

/H.&./|198|Exhibit 1005 - Declaration of Henry Tufo, October 16, 2020, pp. 127.

JH.A. /| 199 Exhibit 1006 - Declaration of Wolfgang Schreiner, October 1, 2020, pp. 86.

/H.A./ | 200|Exhibit 1007 - Declaration of Sylvia Hall-Ellis, October 16, 2020, pp. 178.

/H.A. /| 201 |Exhibit 1019 - Deitel - Operating Systems, 2004, pp. 1270 (2parts).

/H.AL/ 202 |Exhibit 1020 - Chen et al., TH-MPI_ OS Kernel Integrated Fault Tolerant MPI (2001), pp. 75-82.

XNIDI -dJdinetal., LI __ ouppo or [ign-rerrormance ntra-Node communication on Linux,
903 | EXnibit 1026 - Jin et al., LIMIC_ Support for High-Perf MPI Intra-Node C icati Li
/B 2005, pp. 184-191.

/H.A. 4204 |Ex. 2001 - Singh Declaration, February 17, 2021, pp. 40.

/K.a. f205|Ex. 2036 - Dauger Declaration, February 15, 2021, pp. 30.

/H.a. /| 206 |Ex. 2037 - Nexus Claim Chart - SEM - 877 Patent, pp. 33.

JH.A./ 207 |Ex. 2038 - Nexus Claim Chart - SET - 877 Patent, pp. 50.

JH.B./ 208 | Exhibit 1002 - File History of USP 8,676,877 B2

/H.A./ | 209 |Exhibit 1005 - Declaration of Henry Tufo, October 23, 2020, pp. 130.

/H.A./|210|Exhibit 1006 - Declaration of Wolfgang Schreiner, October 1, 2020, pp. 86.

/H.A. 211 |Exhibit 1007 - Declaration of Sylvia Hall-Ellis, October 23, 2020, pp. 186.
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212 Extended European Search Report received in European Application No. 17207443.7
/H.B./7 (ZTANN.002EPD1), dated August 8, 2018, in 9 pages.

International Search Report and Written Opinion received in PCT Application No. PCT/US2006/037275
(ZTANN.001VPC), as mailed September 24, 2007 in 5 pages.

International Search Report and Written Opinion received in PCT Application No. PCT/US2007/070585
(ZTANN.002VPC), as mailed September 11, 2008 in 5 pages.

/B.Aa. {213

E-N

/g.a ]2

53865465

** Signature indicates consideration of publication and file history. The Examiner has access to these materials through
the PTO computer systems. If additional copies are desired, please notify Applicants through their attorneys.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
17/374,864 07/13/2021 7Z~v1 Tannenbaum ZTANN.002P1C6
CONFIRMATION NO. 1083
20995 PUBLICATION NOTICE
KNOBBE MARTENS OLSON & BEAR LLP
2040 MAIN STREET R TR TR AV
000000129599167

FOURTEENTH FLOOR
IRVINE, CA 92614

Title:CLUSTER COMPUTING

Publication No.US-2021-0344552-A1
Publication Date:11/04/2021

NOTICE OF PUBLICATION OF APPLICATION

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

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

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

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

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

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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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 17374864

Filing Date 13-Jul-2021

First Named Inventor Zvi Tannenbaum
Attorney Docket Number ZTANN.002P1C6

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)

11128519

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 70875

(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
ignature /Jordan M. Cox/

Name Jordan M. Cox

*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: 17374864
Filing Date: 13-Jul-2021
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Filer: Jordan Michael Cox/Jennifer Neat
Attorney Docket Number: ZTANN.002P1C6
Filed as Small Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
STATUTORY OR TERMINAL DISCLAIMER 2814 1 170 170
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description

Fee Code

Quantity

Amount

Sub-Total in
USD(S)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

170
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Doc Code: DISQ.E.FILE
Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 17374864
Filing Date: 13-Jul-2021

Applicant/Patent under Reexamination:  Tannenbaum

Electronic Terminal Disclaimer filed on  November 2, 2021

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: 44187286
Application Number: 17374864
International Application Number:
Confirmation Number: 1083
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Customer Number:

20995

Filer:

Jordan Michael Cox/Jennifer Neat

Filer Authorized By:

Jordan Michael Cox

Attorney Docket Number: ZTANN.002P1C6
Receipt Date: 02-NOV-2021
Filing Date: 13-JUL-2021
Time Stamp: 19:17:18

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $170

RAM confirmation Number E2021A2J17133767
Deposit Account 111410

Authorized User

Jennifer Neat

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)

Ex.1002 / Page 504 of 616
Intel Corporation et al




File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
41160
1 Terminal Disclaimer-Filed (Electronic) eTerminal-Disclaimer.pdf no 2
949874cdd5 14edc9e5b63d89ae40059503
60c64a
Warnings:
Information:
37866
2 Fee Worksheet (SB06) fee-info.pdf no 2
1d66544f11fb2a5 1ba7ecdec89af03fa06 101
Warnings:
Information:
Total Files Size (in bytes){ 79026

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

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

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
17/374,864 07/13/2021 Zvi Tannenbaum ZTANN.OO2P1C6 1083
20995 7590 10/13/2021 | EXAMINER |
KNOBBE MARTENS OLSON & BEAR LLP
2040 MAIN STREET CENTRAL, DOCKET
FOURTEENTH FLOOR
IRVINE. CA 92614 | ART UNIT | PAPER NUMBER |

OPAP
| NOTIFICATION DATE | DELIVERY MODE |
10/13/2021 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

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

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

17/374,864 Tannenbaum et al.
Decision Granting Request for
Prioritized Examination (Track /) Examiner Art Unit AIA (FITF) Status
KIMBERLY A INABINET  |OPET No

1. THE REQUEST FILED 13 July 2021 IS GRANTED .

The above-identified application has met the requirements for prioritized examination
A. for an original nonprovisional application (Track ).
B. 0 for an application undergoing continued examination (RCE).

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendment to amend the application to contain more than four
i laims, more than thir | claims , or a multiple dependent claim;

filing a request for continued examination ;
filing a notice of appeal;

filing a request for suspension of action;
mailing of a notice of allowance;

mailing of a final Office action;

T @ mmoO O

completion of examination as defined in 37 CFR 41.102; or

abandonment of the application.

Telephone inquiries with regard to this decision should be directed to KIMBERLY INABINET at (571)
272-4618. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282.

/KIMBERLY A INABINET/
Paralegal Specialist, OPET

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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Docket No.:  ZTANN.002P1C6 Page 1 of 1
App. No.: 17/374864

RESCISSION OF ANY PRIOR DISCLAIMERS AND REQUEST TO REVISIT ART

First Inventor: Zvi Tannenbaum Conf. No.: 1083
App. No.: 17/374864 Filed: July 13, 2021
Examiner: Unassigned Art Unit: 2449
Title: CLUSTER COMPUTING

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

Dear Commissioner:

The claims of the present application are different and possibly broader in scope than the
claims pursued in the parent application(s). To the extent any prior amendments or
characterizations of the scope of any claim or referenced art could be construed as a disclaimer
of any subject matter supported by the present disclosure, Applicant hereby rescinds and retracts
such disclaimer. Accordingly, the references previously considered in the parent application(s)
may need to be re-visited.

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: August 11, 2021 /Jordan M. Cox/
Jordan M. Cox
Registration No. 70,875
Registered Practitioner
(949) 760-0404

53956410
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Electronic Acknowledgement Receipt

EFS ID: 43480527
Application Number: 17374864
International Application Number:
Confirmation Number: 1083
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Customer Number:

20995

Filer:

Jordan Michael Cox/Chelsea Veinot

Filer Authorized By:

Jordan Michael Cox

Attorney Docket Number: ZTANN.002P1C6
Receipt Date: 11-AUG-2021
Filing Date: 13-JUL-2021
Time Stamp: 13:32:21

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)ttes)/ Multl' 'Pages
Number Message Digest | Part/.zip| (if appl.)
17600
1 Miscellaneous Incoming Letter ZTANN—OOZ.I:1C?_Izlefquest_rew no 1
Sl _ar p 3b2e7484dce361e28dbc6b731788e7e7b4f

fco7f

Warnings:
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Information:

Total Files Size (in bytes){ 17600

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

Application No. 17/374864
INFORMATION DISCLOSURE Filing Date July 13, 2021
STATEMENT BY APPLICANT First N.amed Inventor Tannenbaum, Zvi
Art Unit 2447
(Multiple sheets used when necessary) Examiner Unassigned
SHEET 1 OF 12 Attorney Docket No. ZTANN.002P1C6

U.S. PATENT DOCUMENTS

Document Number

Pages, Columns, Lines Where

E)I(:i:?ailnser ﬁi:f Nurg)l();rn -p ﬁi:nd‘l’czo?)cﬁs! 5(g 7krI13vzqwn) P&mi?g?me Name of Patentee or Applicant Relevanlt: glajfzngepspgra Ir?elevant
1 7,533,168 05-12-2009 |Pabla et al.
2020/0153677
(Attorney Docket No.
2 Ungxypﬁgth:nCl\?z) 05-14-2020 |Tannenbaum et al.
16/449,084 and its entire
prosecution history**

3 5,423,046 06-06-1995 [Nunnelley et al.

4 5,881,315 03-09-1999 |[Cohen

5 5,930,768 07-27-1999 |Hooban

6 6,006,259 11-20-1998 |Adelman et al.

7 6,067,609 05-23-2000 |Meeker et al.

8 6,074,427 06-13-2000 |Fought et al.

9 6,108,699 08-22-2000 |Moiin
10 6,195,680 02-27-2001 |Goldszmidt et al.
1 6,202,080 03-13-2001 |Lu et al.
12 6,546,403 04-08-2003 |Carlson, Jr. et al.
13 6,578,068 06-10-2003 |Bowman-Amuah
14 6,604,134 08-05-2003 |Haury
15 6,691,216 02-10-2004 |(Kelly et al.
16 6,751,698 06-15-2004 |Deneroff et al.
17 6,782,537 08-24-2004 |Blackmore et al.
18 6,968,335 11-22-2005 |Bayliss et al.
19 6,968,359 11-22-2005 | Miller
20 7,031,944 04-18-2006 |Tanioka
21 7,093,004 08-15-2006 |Bernardin et al.
22 7,136,924 11-14-2006 |Dauger
23 7,139,882 11-21-2006 | Suzuoki et al.
24 7,174,381 02-06-2007 |Gulko et al.

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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PTO/SB/08 Equivalent

Application No. 17/374864
INFORMATION DISCLOSURE Filing Date July 13, 2021
STATEMENT BY APPLICANT First N.amed Inventor Tannenbaum, Zvi
Art Unit 2447
(Multiple sheets used when necessary) Examiner Unassigned
SHEET 2 OF 12 Attorney Docket No. ZTANN.002P1C6

U.S. PATENT DOCUMENTS

Document Number

Pages, Columns, Lines Where

E)I(:i:?ailnser ﬁi:f Nurg)l();rn -p ﬁi:nd‘l’czoscﬁs! 5(g 7krI13vzqwn) P&R}:_?g?me Name of Patentee or Applicant Relevanlt: glajfzngepspgra Ir?elevant
25 7,177,874 02-13-2007 |Jardin
26 7,249,357 07-24-2007 |Landman et al.
27 7,315,877 01-01-2008 |Bhanot et al.
28 7,334,232 02-19-2008 |Jacobs et al.
29 7,437,460 10-14-2008 |Chidambaran et al.
30 7,472,193 12-30-2008 |Dauger
31 7,502,915 03-10-2009 |Jacob et al.
32 7,519,652 04-14-2009 |Page et al.
33 7,533,141 05-12-2009 |Nadgir et al.
34 7,533,389 05-12-2009 |Verbeke et al.
35 7,554,949 06-30-2009 |Chen
36 7,568,131 07-28-2009 |Vertes
37 7,634,530 12-15-2009 |Dean et al.
38 7,644,130 01-05-2010 |Magro et al.
39 7,698,390 04-13-2010 |[Harkness et al.
40 7,716,323 05-11-2010 |Gole et al.
41 7,757,236 07-13-2010 |Singh
42 7,788,314 08-31-2010 |Holt
43 7,835,022 11-16-2010 |Matsumoto
44 7,937,455 05-03-2011 |[Saha et al.
8,082,289 12-20-2011 |Tannenbaum et al.
(Attorney Docket No.
45 ZTANN.002A)
U.S. Application No.
11/744,461 and its entire
prosecution history**
46 8,117,288 02-14-2012 |Bhanot et al.

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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PTO/SB/08 Equivalent

Application No. 17/374864
INFORMATION DISCLOSURE Filing Date July 13, 2021
STATEMENT BY APPLICANT First N.amed Inventor Tannenbaum, Zvi
Art Unit 2447
(Multiple sheets used when necessary) Examiner Unassigned
SHEET 3 OF 12 Attorney Docket No. ZTANN.002P1C6

U.S. PATENT DOCUMENTS

Examiner
Initials

Cite
No.

Document Number
Number - Kind Code (if known)
Example: 1,234,567 B1

Publication Date
MM-DD-YYYY

Name of Patentee or Applicant

Pages, Columns, Lines Where
Relevant Passages or Relevant

Figures Appear

47

8,140,612
(Attorney Docket No.
ZTANN.002CP1)

U.S. Application No.
12/040,519 and its entire
prosecution history**

03-20-2012

Tannenbaum et al.

48

8,402,080
(Attorney Docket No.
ZTANN.001C1)

U.S. Application No.
11/749,554 and its entire
prosecution history**

03-19-2013

Tannenbaum et al.

49

8,402,083
(Attorney Docket No.
ZTANN.002CP1C1)

U.S. Application No.
12/465,519 and its entire
prosecution history**

03-19-2013

Tannenbaum et al.

50

8,601,101

12-03-2013

Singh

51

8,676,877
(Attorney Docket No.
ZTANN.002P1C2)

U.S. Application No.
13/423,063 and its entire
prosecution history**

03-18-2014

Tannenbaum et al.

52

8,849,889
(Attorney Docket No.
ZTANN.001C2)

U.S. Application No.
13/846,567 and its entire
prosecution history**

09-30-2014

Tannenbaum et al.

53

9,405,564

08-02-2016

Muellers et al.

54

10,333,768
(Attorney Docket No.
ZTANN.002P1C3)

U.S. Application No.
14/181,112 and its entire
prosecution history**

06-25-2019

Tannenbaum et al.

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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PTO/SB/08 Equivalent

Application No. 17/374864
INFORMATION DISCLOSURE Filing Date July 13, 2021
STATEMENT BY APPLICANT First N.amed Inventor Tannenbaum, Zvi
Art Unit 2447
(Multiple sheets used when necessary) Examiner Unassigned
SHEET 4 OF 12 Attorney Docket No. ZTANN.002P1C6

U.S. PATENT DOCUMENTS

Document Number

Pages, Columns, Lines Where

E)I(:i:?ailnser ﬁi:f Nurg)l();rn -p ﬁi:nd‘l’czoscﬁs! 5(g 7krI13vzqwn) P&R}:_?g?me Name of Patentee or Applicant Relevanlt: glajfzngepspgra Ir?elevant
55 2002/0049859 04-25-2002 |Bruckert et al.
56 2003/0005068 01-02-2003 | Nickel et al.

57 2003/0005266 01-02-2003 |Akkary et al.
58 2003/0051062 03-13-2003 |Circenis

59 2003/0135621 07-17-2003 |Romagnoli

60 2003/0195931 10-16-2003 |Dauger

61 2003/0195938 10-16-2003 |Howard et al.
62 2004/0015968 01-22-2004 |Neiman et al.
63 2004/0098359 05-20-2004 |Bayliss et al.
64 2004/0098447 05-20-2004 |Verbeke et al.
65 2004/0110209 06-10-2004 |Yokota et al.
66 2004/0157203 08-12-2004 |Dunk

67 2004/0195572 10-07-2004 |Kato et al.

68 2004/0252710 12-16-2004 |Jeter, Jr. et al.
69 2004/0254984 12-16-2004 | Dinker

70 2005/0015460 01-20-2005 |Goyle et al.

4l 2005/0021751 01-27-2005 |Block et al.

72 2005/0038852 02-17-2005 |Howard

73 2005/0060237 03-17-2005 |Barsness et al.
74 2005/0076105 04-07-2005 |Keohane et al.
75 2005/0097300 05-05-2005 |Gildea et al.
76 2005/0108394 05-19-2005 |Braun et al.

77 2005/0154789 07-14-2005 |Fellenstein et al.
78 2005/0180095 08-18-2005 |Ellis

79 2005/0188088 08-25-2005 |Fellenstein et al.
80 2005/0235055 10-20-2005 |Davidson

81 2006/0026601 02-02-2006 |Solt

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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PTO/SB/08 Equivalent

Application No. 17/374864
INFORMATION DISCLOSURE Filing Date July 13, 2021
STATEMENT BY APPLICANT First N.amed Inventor Tannenbaum, Zvi
Art Unit 2447
(Multiple sheets used when necessary) Examiner Unassigned
SHEET 5 OF 12 Attorney Docket No. ZTANN.002P1C6

U.S. PATENT DOCUMENTS

Examiner | Cite Document Number Publication Date Pages, Columns, Lines Where
Initials No Number - Kind Code (if known) MM-DD-YYYY Name of Patentee or Applicant Relevant Passages or Relevant
) Example: 1,234,567 B1 Figures Appear
82 2006/0053216 03-09-2006 |Deokar et al.
83 2006/0059473 03-16-2006 |Moler
84 2006/0106931 05-18-2006 |Richou
85 2007/0044099 02-22-2007 |Rajput
86 2007/0073705 03-29-2007 |Gray
87 2007/0094532 04-26-2007 |Sengupta
88 2007/0124363 05-31-2007 |Lurie et al.
89 2008/0250347 10-09-2008 |Gray et al.
90 2008/0281997 11-13-2008 |Archer et al.
FOREIGN PATENT DOCUMENTS
Examiner | Cite Foreign Patent Document Publication Pagvti[s'{e(r):l;rgg\s/,ahines .
" Country Code-Number-Kind Code Date Name of Patentee or Applicant
Initials No. Example: JP 1234567 A1 MM-DD-YYYY Past_ages or Relevant
igures Appear
91 EP 1 368 948 12-10-2003 |[Prismedia Networks, Inc. PCT Eq.
92 JP 08-087473 02-04-1996 |[Toshiba Corp X
93 JP 11-126196 05-11-1999 |Hitachi Ltd. X-MT
94 JP 11-328134 11-30-1999 |Hitachi Ltd. X-Abs
JP 2002-117010 04-19-2002 |International Business Machine X
95 c
orp.
96 JP 2004-061359 02-26-2004 |Ricoh Co., LTd. X-Abs
97 JP 2004-247405 09-02-2004 |[Semiconductor Energy Lab X-MT
98 JP 2005-063033 10-03-2005 |Toshiba Corp. X-Abs
99 JP 2005-071333 03-17-2005 |Network Appliance Inc. X-MT
100 WO 2004/086270 10-07-2004 |ECI Telecom Ltd.
NON PATENT LITERATURE DOCUMENTS
Exarmi . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title
xaminer | Cite . X . . !
nitials | No. | Of the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume- T
issue number(s), publisher, city and/or country where published.

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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PTO/SB/08 Equivalent

Application No. 17/374864
INFORMATION DISCLOSURE Filing Date July 13, 2021
STATEMENT BY APPLICANT First N.amed Inventor Tannenbaum, Zvi
Art Unit 2447
(Multiple sheets used when necessary) Examiner Unassigned
SHEET 6 OF 12 Attorney Docket No. ZTANN.002P1C6

NON PATENT LITERATURE DOCUMENTS

Exarmi . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title
xaminer | Cite . X . . !

initials | No. | ©f the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume- T
issue number(s), publisher, city and/or country where published.

101 | Affidavit of Elizabeth Rosenberg, dated September 1, 2020 in 7 pages.

102|AGARWAL et al., "A High Performance Parallel Algorithm for 1-D FFT", Proceedings, Supercomputing
‘94, Washington, D.C., November 14-18, 1994, pp. 34-40.

103 ANNARATONE et al., "The Warp Computer: Architecture, Implementation, and Performance", Dept. of
Computer Science, The Robotics Institute, Carnegie Mellon University, Pittsburgh, PA, July 1987, pp. 31.

BOSA et al., "Task Logging, Rescheduling and Peer Checking in Distributed Maple", RISC-Linz,
Johannes Kepler University, Linz, Austria. Technical Report No. 02-10, March 18, 2002, pp. 24.

104

105 CARNS et al., “An Evaluation of Message Passing Implementations on Beowulf Workstations”, Aerospace
Conference, March 6-13, 1999, IEEE 1999, Vol. 5, pp. 41-54.

CHU et al., "FFT Algorithms and their Adaptation to Parallel Processing", Linear Algebra and its
Applications, Vol. 284, 1998, pp. 95-124.

CRAMER, et al., "The Development and Integration of a Distributed 3D FFT for a Cluster of
107 | Workstations", Proceedings of the 4th Annual Liux Showcase & Conference, Atlanta, GA, October 10-14,

106

2000, pp. 1-9.

108 DALLY et al., "Merrimac: Supercomputing with Streams", SC’03, November 15-21, 2003, Phoenix, AZ, pp.
8.

109 DAUGER et al., "'Plug-and-Play' Cluster Computing using Mac OS X", Proceedings. 2003 IEEE

International Conference on Cluster Computing, December 1-4, 2003, published January 2004, pp. 6.

110 DAUGER et al., "Plug-and-Play Cluster Computing: High-Performance Computing for the Mainstream",
IEEE Computing in Science and Engineering, March/April 2005, pp. 27-33.

11 Declaration of Henry Tufo, Ph.D., under 37 C.F.R. § 1.68 in Support of Petition for Inter Partes Review of
U.S. Patent No. 8,082,289, dated September 18, 2020 in 160 pages.

Declaration of Sylvia Hall-Ellis Ph.D., for Inter Partes Review of U.S. Patent No. 8,082,289, dated
September 18, 2020 in 138 pages.

Declaration of Wolfgang Schreiner, Ph.D., for Inter Partes Review of U.S. Patent No. 8,082,289, dated
September 7, 2020 in 84 pages.

"Distributed Maple", https://web.archive.org/web/20040216100904/http:/www.risc.uni-
linz.ac.at/software/distmaple/ as archived February 16, 2004 in 1 page.

"Distributed Maple Papers", hitps://web.archive.org/web/20040304035455/http://www.risc.uni-

linz.ac.at/software/distmaple/index_1.html as archived March 4, 2004 in 3 pages.

EREZ, Mattan, "MERRIMAC - High-Performance and Highly-Efficient Scientific Computing with Streams",

116 A Dissertation Submitted to the Department of Electrical Engineering and the Committee on Graduate
Studies of Stanford University in Partial Fulfillment of the Requirements for the Degree of Doctor of

Philosophy, May 2007, pp. 229

FAN et al., "GPU Cluster for High Performance Computing", SC '04: Proceedings of the 2004 ACM/IEEE

Conference on Supercomputing : 6-12 November 2004, Pittsburgh, PA, USA, pp. 12.

112

113

114

115

117

118 |FRIGO et al., "FFTW User's Manual", Version 2.1.5, March 16, 2003, pp. 74.

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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PTO/SB/08 Equivalent

Application No. 17/374864
INFORMATION DISCLOSURE Filing Date July 13, 2021
STATEMENT BY APPLICANT First N.amed Inventor Tannenbaum, Zvi
Art Unit 2447
(Multiple sheets used when necessary) Examiner Unassigned
SHEET 7 OF 12 Attorney Docket No. ZTANN.002P1C6

NON PATENT LITERATURE DOCUMENTS

Exarmi . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title
xaminer | Cite . X . . !
nitials | No. | Of the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume- T
issue number(s), publisher, city and/or country where published.
"gridMathematica 1.1: Grid Computing Gets a Speed Boost from Mathematica 5", The Mathematica
Journal, Vol. 9, No. 2, August 25, 2003, in 1 page.
<https://web.archive.org/web/20040618053429/https://www.mathematica-
journal.com/issue/v9i2/newproducts/gridmathematica.htmi>

119

HAMSCHER et al., "Evaluation of Job-Scheduling Strategies for Grid Computing”, GRID 2000, 2000, pp.

120 191-202.

HAYNOS, Matt, "Perspectives on Grid: Grid Ccomputing -- Next-Generation Distributed Computing", IBM
121 | Developer Works, January 27, 2004 in 7 pages, http://www-106.ibm.com/developerworks/library/gr-
heritage

122 |HEAL et al., "Maple V: Learning Guide", Springer, Waterloo Maple Inc., 1996, 1998, pp. 300.

HILLIS, W. Daniel, "Richard Feynman and The Connection Machine", for Physics Today, originally
123 | published 1989, http://longnow.org/essays/richard-feynman-connection-machine/, printed October 1,
2019, pp. 8.

124 |"INSTALL", File, Distributed Maple Application Software, June 16, 2000, pp. 5.
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Docket No.: ZTANN.002P1C6

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor : Zvi Tannenbaum

App. No. 2 17/374,864

Filed : July 13,2021

For : CLUSTER COMPUTING
Examiner :  Unassigned

Art Unit 12449

Conf. No. : 1083

PRELIMINARY AMENDMENT

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

Alexandria, VA 22313-1450

Dear Commissioner:
Please enter the following amendment prior to the examination of this application.
Amendments to the Claims begin on page 2.

Remarks begin on page 9.
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AMENDMENTS TO THE CLAIMS
1. (Canceled)

2. (New) A computer cluster comprising:

a first processor;

a second processor;

a third processor;

at least one computer-readable medium in communication at least one of the first
processor, the second processor, or the third processor;

a first kernel residing in the at least one computer-readable medium, said first
kernel configured to translate commands into code for execution on the first processor;

a first cluster node module residing in the at least one computer-readable medium,
said first cluster node module configured to:

receive first commands from the user interface without the first commands
first passing through the first kernel, and

after receiving the first commands from the user interface, send second
commands to the first kernel;

a second kernel residing in the at least one computer-readable medium, said
second kernel configured to translate commands into code for execution on the second
processor;

a second cluster node module residing in the at least one computer-readable
medium, said second cluster node module configured to send commands to the second
kernel and communicates with the first cluster node module;

a third kernel residing in the at least one computer-readable medium, said third
kernel configured to translate commands into code for execution on the third processor;
and

a third cluster node module residing in the at least one computer-readable
medium, said third cluster node module configured to send commands to the third kernel
and configured to communicate with the first cluster node module and the second cluster

node module;
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wherein each of the first, second, and third cluster node modules can transmit
tasks to any other of the first, second, and third cluster node modules without transmitting

the tasks through a master node, and wherein the first cluster node module comprises a

data structure in which messages originating from the second and third cluster node

modules are stored.

3. (New) The computer cluster of claim 2, wherein the first cluster node module is
logically positioned between a user interface and the first kernel.

4. (New) The computer cluster of claim 2, wherein the at least one computer-
readable medium comprises a first computer-readable medium coupled to at least the first
processor and a second computer-readable medium coupled to at least the second processor,
wherein the first kernel and the first cluster node module reside in the first computer-readable
medium, and wherein the second kernel and the second cluster node module reside in the second
computer-readable medium.

5. (New) The computer cluster of claim 2, further comprising a cluster configuration
module that initializes at least one of the first cluster node module, the second cluster node
module, or the third cluster node module.

6. (New) The computer cluster of claim 2, wherein the second cluster node module
communicates with the first cluster node module using commands that implement at least a
portion of a Message-Passing Interface.

7. (New) The computer cluster of claim 2, wherein the data structure of the first
cluster node module comprises a received message queue.

8. (New) The computer cluster of claim 7, wherein the first cluster node module
further comprises a message receiving queue, in which data specifying the location to which the
first cluster node module can expect to receive an expression and an identifier of a processor
from which the expression is expected to be sent are stored.

9. (New) The computer cluster of claim 2, wherein the second cluster node module
further comprises a received message queue in which messages originating from the first and
third cluster node modules are stored.

10. (New) The computer cluster of claim 2, wherein the first cluster node module
comprises an advanced functions module, and wherein the advanced functions module comprises

a call that evaluates an expression across the computer cluster in parallel.

3-
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11. (New) The computer cluster of claim 10, wherein the advanced functions module
comprises a call that calculates a Fourier transform across the computer cluster in parallel.

12. (New) The computer cluster of claim 10, wherein the advanced functions module
comprises one or more calls that evaluate matrix operations across the computer cluster in
parallel.

13. (New) The computer cluster of claim 2, wherein the second commands comprise
at least one of the first commands.

14.  (New) A computer cluster comprising:

a first processor;

a second processor;

a third processor;

at least one computer-readable medium in communication at least one of the first
processor, the second processor, or the third processor;

a first kernel residing in the at least one computer-readable medium, said first
kernel configured to translate commands into code for execution on the first processor;

a first cluster node module residing in the at least one computer-readable medium,
said first cluster node module configured to:

first receive first commands from the user interface, and
after receiving the first commands from the user interface, send second
commands to the first kernel;

a second kernel residing in the at least one computer-readable medium, said
second kernel configured to translate commands into code for execution on the second
processor;

a second cluster node module residing in the at least one computer-readable
medium, said second cluster node module configured to send commands to the second
kernel and communicates with the first cluster node module;

a third kernel residing in the at least one computer-readable medium, said third
kernel configured to translate commands into code for execution on the third processor;
and

a third cluster node module residing in the at least one computer-readable

medium, said third cluster node module configured to send commands to the third kernel

4-
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and configured to communicate with the first cluster node module and the second cluster
node module;

wherein each of the first, second, and third cluster node modules can transmit
tasks to any other of the first, second, and third cluster node modules without transmitting

the tasks through a master node, and wherein the first cluster node module comprises a

data structure in which messages originating from the second and third cluster node

modules are stored.

15. (New) The computer cluster of claim 14, wherein the first cluster node module is
logically positioned between a user interface and the first kernel.

16. (New) The computer cluster of claim 14, further comprising a communications
network for connecting at least two of the first processor, the second processor, or the third
processor to one another.

17. (New) The computer cluster of claim 14, wherein the at least one computer-
readable medium comprises a first computer-readable medium coupled to at least the first
processor and a second computer-readable medium coupled to at least the second processor,
wherein the first kernel and the first cluster node module reside in the first computer-readable
medium, and wherein the second kernel and the second cluster node module reside in the second
computer-readable medium.

18. (New) The computer cluster of claim 14, further comprising a cluster
configuration module that initializes at least one of the first cluster node module, the second
cluster node module, or the third cluster node module.

19. (New) The computer cluster of claim 14, wherein the data structure of the first
cluster node module comprises a received message queue.

20. (New) The computer cluster of claim 19, wherein the first cluster node module
further comprises a message receiving queue, in which data specifying the location to which the
first cluster node module can expect to receive an expression and an identifier of a processor
from which the expression is expected to be sent are stored.

21. (New) The computer cluster of claim 14, wherein the first processor and the

second processor reside on the same die.
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22. (New) The computer cluster of claim 14, wherein the first cluster node module
comprises an advanced functions module, and wherein the advanced functions module comprises
a call that evaluates an expression across the computer cluster in parallel.

23. (New) The computer cluster of claim 21, wherein the advanced functions module
comprises a call that calculates a Fourier transform across the computer cluster in parallel.

24. (New) The computer cluster of claim 21, wherein the advanced functions module
comprises one or more calls that evaluate matrix operations across the computer cluster in
parallel.

25. (New) A computer cluster comprising:

a first processor;

a second processor;

a third processor;

at least one computer-readable medium in communication at least one of the first
processor, the second processor, or the third processor;

a first kernel residing in the at least one computer-readable medium, said first
kernel configured to translate commands into code for execution on the first processor;

a first cluster node module residing in the at least one computer-readable medium,
said first cluster node module configured to send the commands to the first kernel,
wherein the first cluster node module is logically positioned between a user interface and
the first kernel;

a second kernel residing in the at least one computer-readable medium, said
second kernel configured to translate commands into code for execution on the second
processor;

a second cluster node module residing in the at least one computer-readable
medium, said second cluster node module configured to send commands to the second
kernel and communicates with the first cluster node module;

a third kernel residing in the at least one computer-readable medium, said third
kernel configured to translate commands into code for execution on the third processor;
and

a third cluster node module residing in the at least one computer-readable

medium, said third cluster node module configured to send commands to the third kernel

-6-
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and configured to communicate with the first cluster node module and the second cluster

node module;

wherein each of the first, second, and third cluster node modules can transmit
tasks to any other of the first, second, and third cluster node modules without transmitting
the tasks through a master node, and wherein the first cluster node module comprises a
data structure in which messages originating from the second and third cluster node
modules are stored.

26.  (New) The computer cluster of claim 25, wherein the first processor and the
second processor reside on the same die.

27. (New) The computer cluster of claim 25, wherein the first cluster node module
comprises an advanced functions module, and wherein the advanced functions module comprises
a call that evaluates an expression across the computer cluster in parallel, wherein the advanced
functions module comprises one or more calls that evaluate matrix operations across the
computer cluster in parallel.

28. (New) A computer cluster comprising:

a first processor;

a second processor;

a third processor;

at least one computer-readable medium in communication at least one of the first
processor, the second processor, or the third processor;

a first kernel residing in the at least one computer-readable medium, said first
kernel configured to translate commands into code for execution on the first processor;

a first cluster node module residing in the at least one computer-readable medium,
said first cluster node module configured to send the commands to the first kernel,
wherein the first cluster node module is logically positioned between a user interface and
the first kernel;

a second kernel residing in the at least one computer-readable medium, said
second kernel configured to translate commands into code for execution on the second

processor;
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a second cluster node module residing in the at least one computer-readable
medium, said second cluster node module configured to send commands to the second
kernel and communicates with the first cluster node module;

a third kernel residing in the at least one computer-readable medium, said third
kernel configured to translate commands into code for execution on the third processor;
and

a third cluster node module residing in the at least one computer-readable
medium, said third cluster node module configured to send commands to the third kernel
and configured to communicate with the first cluster node module and the second cluster
node module;

wherein each of the first, second, and third cluster node modules can directly
transmit tasks to any other of the first, second, and third cluster node modules, and
wherein the first cluster node module comprises a data structure in which messages
originating from the second and third cluster node modules are stored.

29. (New) The computer cluster of claim 28, wherein the first cluster node module
comprises an advanced functions module, and wherein the advanced functions module comprises
a call that evaluates an expression across the computer cluster in parallel, wherein the advanced
functions module comprises one or more calls that evaluate matrix operations across the
computer cluster in parallel.

30. (New) The computer cluster of claim 28, further comprising a communications
network for connecting at least two of the first processor, the second processor, or the third
processor to one another.

31. (New) The computer cluster of claim 28, wherein at least one of the first, second, or
third cluster node modules transmits tasks directly to another of the first, second, and third

cluster node modules via one or more network components.
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REMARKS

Applicant cancels claim 1 without prejudice or disclaimer. Claims 2-31 are new.

Applicant respectfully requests consideration of the merits following entry of the amendments

set forth above.

Other Applications of Assignee

Applicant wishes to draw the Examiner's attention to the following other applications of

the present application's assignee.

Docket No. Serial No. Title Filed
CLUSTER COMPUTING SUPPORT FOR
ZTANN.002A 11/744461 APPLICATION PROGRAMS 05/04/07
CLUSTER COMPUTING SUPPORT FOR
ZTANN.002CP1 12/040519 APPLICATION PROGRAMS 02/29/08
AUTOMATIC CLUSTER NODE
ZTANN.002CP1C1 12/465519 DISCOVERY AND CONFIGURATION 05/13/09
CLUSTER COMPUTING USING
ZTANN.O02P1C2 13/423063 SPECIAL PURPOSE 03/16/12
MICROPROCESSORS
ZTANN.O02P1C3 14/181112 CLUSTER COMPUTING 02/14/14
ZTANN.O02P1C5 16/449084 CLUSTER COMPUTING 06/21/19
ZTANN.O02P1C7 17/374789 CLUSTER COMPUTING 07/13/21

Please charge any additional fees, including any fees for additional extension of time, or

credit overpayment to Deposit Account No. 11-1410.

Dated: August 4, 2021

32132313

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

By: /Jordan M. Cox/
Jordan M. Cox
Registration No. 70,875
Registered Practitioner
(949) 760-0404
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Electronic Patent Application Fee Transmittal

Application Number: 17374864
Filing Date: 13-Jul-2021
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Filer: Jordan Michael Cox/Janet Teeters
Attorney Docket Number: ZTANN.002P1C6
Filed as Small Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
Pages:
Claims:
CLAIMS IN EXCESS OF 20 2202 10 50 500
INDEPENDENT CLAIMS IN EXCESS OF 3 2201 1 240 240

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 740
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Electronic Acknowledgement Receipt

EFS ID: 43424847
Application Number: 17374864
International Application Number:
Confirmation Number: 1083
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Customer Number:

20995

Filer:

Jordan Michael Cox/Melanie Terrazas

Filer Authorized By:

Jordan Michael Cox

Attorney Docket Number: ZTANN.002P1C6
Receipt Date: 04-AUG-2021
Filing Date: 13-JUL-2021
Time Stamp: 15:36:23

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $740

RAM confirmation Number E202184F36533441
Deposit Account 111410

Authorized User

Melanie Terrazas

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 P Message Digest | Part/.zip| (if appl.)
222488
1 ZTANN-002P1C6_|DS.pdf yes 13
15eeb624949b7b86ddec58275d28fae489¢
93764
Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 1
Information Disclosure Statement (IDS) Form (SB08) 2 13
Warnings:
Information:
52364
ZTANN-002P1C6_Prelim_Amen
2 yes 9
d.pdf
5e3d82341607eb3a8b1d81710b537297c21
104e
Multipart Description/PDF files in .zip description
Document Description Start End
Preliminary Amendment 1 1
Claims 2 8
Applicant Arguments/Remarks Made in an Amendment 9 9
Warnings:
Information:
40103
3 Fee Worksheet (SB06) fee-info.pdf no 2
6bab136dad 1ceBa50ad3e99f673c68f543e|
Warnings:
Information:
Total Files Size (in bytes)1 314955
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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.002P1C6 Page 1 of 1

INFORMATION DISCLOSURE STATEMENT

First Inventor: Zvi Tannenbaum Conf. No.: 1083
App. No.: 17/374864 Filed: July 13, 2021
Examiner: Unassigned Art Unit: 2447
Title: CLUSTER COMPUTING

Mail Stop Amendment
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. References numbered 3 - 214 are of record in U.S. patent application No.
16/449084 , filed June 21, 2019, which is relied upon for an earlier filing date under 35 USC
120. Accordingly, copies of references numbered 3 - 214 are not submitted pursuant to 37 CFR
1.98(d).
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 before the receipt of a First Office
Action on the merits, and presumably no fee is required. If a First Office Action on the merits
was mailed before the mailing date of this Statement, the Commissioner is authorized to charge

the fee set forth in 37 CFR 1.17(p) to Deposit Account No. 11-1410.

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

Dated: August 4, 2021 By: /Jordan M. Cox/
Jordan M. Cox
Registration No. 70,875
Registered Practitioner
(949) 760-0404

53912813
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Under the Paperwork Reduction Act of 1995, no persons are req

ired to respond to a collection of informa

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

tion unless it displays a valid OMB control number.

APPLICATION AS FILED - PART |

Application or Docket Number Filing Date
PATENT APPLICé;rggmtggrEFgE'lF"ngglATloN RECORD 171374.864 07132021 (7o be Mailed
ENTITY: (JLARGE sMALL [JMICRO

(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))
(L] sEARCH FEE
(37 GFR 1.16(K), (i), or (m)) NiA NiA N/A
D EXAMINATION FEE
(37 CFR 1.16(0). (p), or (@) NiA NiA N/A
TOTAL CLAIMS . *
(37 GFR 1.16(i)) minus 20 = x 390 =
INDEPENDENT CLAIMS *
(37 CFR 1.16(h) minus 3 = x $240 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
D'ST:PRUS/?E(CS);\)‘ SIZE FEE (37 for small entity) for each additional 50 sheets or
: fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* 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
REMAINING NUMBER
- 08/04/2021 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ; *x - —
N 30 Minus | = 20 -10 x $50 - 500
Z | Independent 4 M wxx 3 -1 240 - 240
W | s7crr1ism) inus = X $ =
= 0 —— -
< Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE 740
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
L | Total " ; *x - -
= |_@rerrii6i) Minus — X $ 0 -
O | Independent N ; wxn -
E (370FpR 1.16(h)) Minus N x $0 =
= | [ Application Size Fee (37 CFR 1.16(s))
< [_J FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. SLIE
“* If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /SHARON M WEST/
*** 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.
If you need assistance in completing the form, call 1-800-PTO-87198 and select option 2.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 17/374,864
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 80 N/A
SEARCH FEE
(37 GFR 1.16(K). ), or (m)) N/A N/A N/A 350 N/A
EXAMINATION FEE
(37 GFR 1.16(0), (8}, or (a) N/A N/A N/A 400 N/A
oy CRRIAED) 1 minus 20- x 50 -| 000 oR
INDEPENDENT CLAIMS *
(37 CFR 1.16(h)) 1 minus 3 = x 240 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
\
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL 830 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total g i w -
=S (37 CF(:H 16(7)) Minus x = OR =
) Independent * Minus | *** =
5 (37 CFR 1.16(h) X = OR -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
LU Total * Minus | ** = =
= (37 CF?H.IB(H) X OR -
% Independent * Minus | *** = M _ OR -
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
17/374,864 07/13/2021 2447 830 ZTANN.002P1C6 1 1
CONFIRMATION NO. 1083
20995 FILING RECEIPT

2040 MAN STREET T O A A

FOURTEENTH FLOOR
IRVINE, CA 92614

Date Mailed: 07/28/2021

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Zvi Tannenbaum, Palo Alto, CA;

Dean E. Dauger, Huntington Beach, CA;
Applicant(s)

Advanced Cluster Systems, Inc., Newport Beach, CA;

Power of Attorney: The patent practitioners associated with Customer Number 20995

Domestic Priority data as claimed by applicant
This application is a CON of 16/449,084 06/21/2019
which is a CON of 14/181,112 02/14/2014 PAT 10333768
which is a CON of 13/423,063 03/16/2012 PAT 8676877
which is a CON of 12/040,519 02/29/2008 PAT 8140612
which is a CIP of 11/744,461 05/04/2007 PAT 8082289
which claims benefit of 60/813,738 06/13/2006
and claims benefit of 60/850,908 10/11/2006

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

page 1of 4
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Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 07/27/2021

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/374,864

Projected Publication Date: 11/04/2021

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **

Title

CLUSTER COMPUTING
Preliminary Class
709
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
page 2 of 4
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this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

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

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

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

NOT GRANTED

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

SelectUSA

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

page 4 of 4
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DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 17374864 Document Date: 07/13/2021

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Drawing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: March 1, 2019
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Doc Code: PA..
PTO/AIA/82A (07-13)

Document Description: Power of Attorney Approved for use through 03/31/2021. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number Unassigned

Filing Date Herewith

First Named Inventor Zvi Tannenbaum

Title CLUSTER COMPUTING
Art Unit Unassigned
Examiner Name Unassigned

Attorney Docket Number |ZTANN.002P1C6

SIGNATURE of Applicant or Patent Practitioner
Signature /Jordan M. Cox/ pate (Optonal 16/21/2021

Name Jordan M. Cox Eegii‘raﬁon 70,875
umper

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

*Total of ] forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Dot Code: PA. PTOIAIA/S2B (07-13)
s g ) T 7-

Documert Description: Power of Attorney Approved for use Hirough 115302014, OMB 08510081

U.8. Patent and Trademark Office: U.3. DEPARTMENT OF COMMERCE

Under the Papeosork Reduction Ad of 1925, no persens sre required lo respond fo a colfection of information unless it displays a valid OMB contral number

POWER OF ATTORNEY BY APPLICANT

{ hereby revoke all previous powers of attorney given in the application identified in gither the aitached transmiltal letter or
the ques helow,

Application Number Filing Date

(Note} The boxes above may be left blank if information is provided on form PTOMAIAB2A.)

| hereby appoint the Patent Practitioner{s) associated vith the foliowing Customer Number as mylour altormey(s) or ageni(s), and
o transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittel letter (forra PTO/AIAE2A) or identified above:

or 20995

D | hereby appeint Practitioner{s] named in the attached list {(form PTOAIAR2C) as myfour attorney(s) or agent{s), and to transact
aff business in the United Stales Patent and Tradermark Office connacted therewith for the patent application referenced in the
attached ransmittal lstter {form PTOMAIA/BZA]) or identified above. {Note: Complete form PTO/AIAB2C )

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

The address associated with the above-mentioned Custormer Number

DR
D The address assoctaied with Customer Number |
QR
Firm or
Individual Namse
Address
City | state | Zp |
Couniry o
Telephone i Email ;

tam the Applicant (if the Applicant is a juristic erdity, fist the Applicant name in the box):

Advanced Cluster Systems, Inc.

Ej tnventor or Joint Inventor (iitle nat required below
D Legal Representative of a Decsasad or Legally Incapacitated Inventor {titie nof required below)
' Assignee of Person to Whom the inventer is Under an Obligation to Assign {provide signer's litie if applicant is a juristic entity}

D Parson Who Otherwise Shows Sufficient Proprietary irderast {e.g., a petition under 37 CFR 1.46(b)(2) was granted in the
application of is concurently being filed with this docusient} (provide signet's title if applicant is 2 juristic entity)

N §EQN§:{UF?E§;€>F Applicant for Patent
The undersigned (whose fitte is supplied bg&?ﬁﬁﬁtﬁwﬁz}g&f&.&g&on behalf of the applicant (e.g., whare the applicant is a juristic entity).
Signature L. S 3 | Date (Optional) |
Name _1 Zvi Tannenbaum
Title Chief Executive Officer

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for sign atu?e reduiremeht&s
and cerlifications. if more than one applicant, use multiple forms.

o‘iai of 1 forms are submitted.

This sotisction of informastion is requirsd by 37 CFR 1,131, 1.32, and 1.33. The information is reguired o obtain af retain o banefit by the public whish is ta fite and by the
USRTY to process) sn applicstion, Confidentiality & governed by 35 11.5.C. 182 and 37 CFR 1.1t and 1.14. This collection is estimated to take 3 minides 1o complele,
including gathering, prepadag, and submiiting the complated application fonm to the USPTO. Time witl vary depsnding sipon the individual case. Any commerits on the amount
of time you require to complete this form andior suggestions for redusing this burdsn, should be sent to the Chief fnformation Oficer, LLS, Patent ang Trademark Office, U.S.
Dopartment of Commerce, P.Q. Bax 1458, Alexsndriz, V8, 22313-145¢. D0 ROT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
fous Fatends, F.0. Bax 1450, Alexandriz, VA 22313-14580,

i you nead assisfancs in comgpleting the form, call 1-800-T(C-9198 and select option 2.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Filer:

Jordan Michael Cox/Janet Teeters

Attorney Docket Number:

ZTANN.002P1C6

Filed as Small Entity

Filing Fees for Track| Prioritized Examination - Nonprovisional Application under 35 USC 111(a)

Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
UTILITY FILING FEE (ELECTRONIC FILING) 4011 1 80 80
UTILITY SEARCH FEE 2111 1 350 350
UTILITY EXAMINATION FEE 2311 1 400 400
REQUEST FOR PRIORITIZED EXAMINATION 2817 1 2100 2100
Pages:
Claims:

Miscellaneous-Filing:
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Description Fee Code Quantity Amount SuB—;’;(t;)l in
PUBL. FEE- EARLY, VOLUNTARY, OR NORMAL 1504 1 0 0
PROCESSING FEE, EXCEPT PROV. APPLS. 2830 1 70 70
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 3000
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Electronic Acknowledgement Receipt

EFS ID: 43239526
Application Number: 17374864
International Application Number:
Confirmation Number: 1083
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Customer Number:

20995

Filer:

Jordan Michael Cox/Sandra Autry

Filer Authorized By:

Jordan Michael Cox

Attorney Docket Number: ZTANN.002P1C6
Receipt Date: 13-JUL-2021
Filing Date:
Time Stamp: 19:51:51

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $3000

RAM confirmation Number E20217CJ55312936
Deposit Account 111410
Authorized User Sandra Autry

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.)
132513
1 TrackOne Request ZTANN-002P1 C6_derack_1 —Req no 2
ueSt-p 6f3cSe1b527bcB83c0ee41a23d4628f8245bY
bace
Warnings:
Information:
1256623
2 Application Data Sheet ZTANN-002P1C6_ADS.pdf no 9
60acB84ffAd4cd59eff397faab1457024d75b3]
Warnings:
Information:
266340
3 ZTANN-002P1 CgFSpeaﬁcatlon. yes 47
p 87eab4dalad09505e29c2a00c2c63ca543c
bc3e8
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 45
Claims 46 46
Abstract 47 47
Warnings:
Information:
194697
4 Prawings-other than blackandwhite | 77s\N-002p1C6_Drawings.pf no 5
ine ranngS 897b2d4695815a42f77fb51eab8fca23c524]
faof
Warnings:
Information:
250287
5 Oath or Declaration filed ZTANN-002P1C6_Dedlarations. no 2

pdf

9d32f0a5cb54238302d0cf29f:

79bd
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Warnings:

Information:

1277154

6 Power of Attorney ZTANN-002P1C6_POA.pdf no 2

3c538dcf8bfbd0cfb7a6568681072002dab
bc538

Warnings:

Information:

40133

7 Fee Worksheet (SB06) fee-info.pdf no 2

b9b9a5907e8b5a28424d9690609facfa284
lebda

Warnings:

Information:

Total Files Size (in bytes){ 3417747

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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Doc Code: TRACK1.REQ

Document Description: TrackOne Request
PTO/AIA/424 (04-14)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102(e) (Page 1 of 1)

First Named Nonprovisional Application Number (if

Inventor: Zvi Tannenbaum known): Unassigned

e o CLUSTER COMPUTING

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee,
and examination fee are filed with the request or have been already been paid. | understand
that any required excess claims fees or application size fee must be paid for the application.

2. | understand that the application may not contain, or be amended to contain, more than four
independent claims, more than thirty total claims, or any multiple dependent claims, and that
any request for an extension of time will cause an outstanding Track | request to be dismissed.

3. The applicable box is checked below:

1. [v] Original Application (Track One) - Prioritized Examination under § 1.102(e)(1)

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the utility application via EFS-Web.
—OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the plant application in paper.

i. An executed inventor’s oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

Il. [ ] Request for Continued Examination - Prioritized Examination under § 1.102(e)(2)

i. A request for continued examination has been filed with, or prior to, this form.

ii. If the application is a utility application, this certification and request is being filed via EFS-Web.

iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), or is
a national stage entry under 35 U.S.C. 371.

iv. This certification and request is being filed prior to the mailing of a first Office action responsive
to the request for continued examination.

v. No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1.102(e)(2).

signature/JOrdan M. Cox/ 0. 6/21/2021
e JOrdan M. Gox Coore umper 70875

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d)} for signature requirements and certifications.
Submit multiple forms if more than one signature is required.*

forms are submitted.

*Total of 1
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Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PTO/AIA/14 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

) N Attorney Docket Number | ZTANN.OO2P1C6
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CLUSTER COMPUTING

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

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

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}

Inventor Information:

Remove
Inventor |1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
‘ El IZvi ‘ Il'annenbaum ‘ El
Residence Information (Select One) e US Residency Non US Residency Active US Military Service

City | Palo Alto State/Province CA Country of Residencé s

Mailing Address of Inventor:

Address 1 B513 Waverley St.

Address 2

City | |3an Alto I State/Province | |CA

Postal Code | 194306-3537 | Countryi | s

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
‘ El Dean F Dauger ‘ El
Residence Information (Select One) (@ US Residency Non US Residency Active US Military Service

City | Huntington Beach State/Province | [CA Country of Residencd S

Mailing Address of Inventor:

Address 1 P_.C. Box 3074

Address 2

City | '—Iuntington Beach I State/Province | ICA

Postal Code | lp2605 | Countryi | ‘US

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

generated within this form by selecting the Add button.

Correspondence Information:

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

EFS Web 2213
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | ZTANN.OO2P1C6

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention CLUSTER COMPUTING

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

Customer Number P0995

Email Address efiling@knobbe.com | | Add Email | |Remove Email

Application Information:

Title of the Invention CLUSTER COMPUTING

Attorney Docket Number| ZTANN.002P1C6 Small Entity Status Claimed

Application Type Nonprovisional -
Subject Matter  tility -
Total Number of Drawing Sheets (if any) 5 Suggested Figure for Publication (if any) | 2

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this

reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). )
|

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

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

35 U.8.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

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

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

Customer Number D0995

EFS Web 2.2.13

Ex.1002 / Page 555 of 616
Intel Corporation et al



PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

ZTANN.002P1C6

Application Number

Title of Invention

CLUSTER COMPUTING

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

by selecting the Add button.

Prior Application Status | Pending A Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[Continuation of -] 16/449084 2019-06-21
Prior Application Status | Patented - Remove
Application o Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
161449084 [continuation of <] hars1112 p014-02-14 10333768 0019-06-25
Prior Application Status | Patented - Remove
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
‘1 4/181112 |Continuation of <] h3m23063 |2012—03—16 )8676877 P014-03-1 8
Prior Application Status | Patented A Remove
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number | (vyyy.MM-DD)
‘1 3/423063 |Continuation of -] h2r040519 |2008—02—29 )814061 2 P012-03-20
Prior Application Status | Patented - Remove
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
‘1 2/040519 |Continuation in part of [+] [11/744461 |2007-05-04 )8082289 Pm 1-12-20
Prior Application Status | [Expired - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[11/744461 [Claims benefit of provisional ~| 60/813738 2006-06-13
Prior Application Status | [Expired -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[11/744461 [Claims benefit of provisional ~| 60/850908 R006-10-11
Additional Domestic Benefit/National Stage Data may be generated within this form Ao

Foreign Priority Information:

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | ZTANN.OO2P1C6

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CLUSTER COMPUTING

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)

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

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

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

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

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

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | ZTANN.OO2P1C6

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CLUSTER COMPUTING

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly sighed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPQO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 helow, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authoerization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIP0O), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related biblicgraphic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

().

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2_ Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s}

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authocrize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.13
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | ZTANN.OO2P1C6

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CLUSTER COMPUTING

Applicant Information:

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

Applicant }

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

identified in this section.

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

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

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

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name

I'\dvanced Cluster Systems, Inc.

Mailing Address Information For Applicant:

Address 1 P20 Newport Center Drive, #11-202

Address 2

City Newport Beach State/Province CA
Country ‘ s Postal Code 02660
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add
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ZTANN.002P1C6 PATENT
CLUSTER COMPUTING

INCORPORATION BY REFERENCE TO PRIORITY APPLICATIONS
[0001] All applications for which a foreign or domestic priority claim is identified
in the Application Data Sheet as filed with the present application are incorporated by
reference under 37 CFR 1.57 and made a part of this specification.

BACKGROUND
Field
[0002] The present disclosure relates to the field of cluster computing generally
and to systems and methods for adding cluster computing functionality to a computer
program, in particular.

Description of Related Art

[0003] Computer clusters include a group of two or more computers,
microprocessors, and/or processor cores (“nodes”) that intercommunicate so that the nodes
can accomplish a task as though they were a single computer. Many computer application
programs are not currently designed to benefit from advantages that computer clusters can
offer, even though they may be running on a group of nodes that could act as a cluster. Some
computer programs can run on only a single node because, for example, they are coded to
perform tasks serially or because they are designed to recognize or send instructions to only a
single node.

[0004] Some application programs include an interpreter that executes
instructions provided to the program by a user, a script, or another source. Such an interpreter
is sometimes called a “kernel” because, for example, the interpreter can manage at least some
hardware resources of a computer system and/or can manage communications between those
resources and software (for example, the provided instructions, which can include a high-
level programming language). Some software programs include a kernel that is designed to
communicate with a single node. An example of a software package that includes a kernel
that is designed to communicate with a single node is Mathematica® from Wolfram
Research, Inc. (“Mathematica”). Mathematics software packages from other vendors and

other types of software can also include such a kernel.
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[0005] A product known as gridMathematica, also from Wolfram Research, Inc.,
gives Mathematica the capability to perform a form of grid computing known as “distributed
computing.” Grid computers include a plurality of nodes that generally do not communicate
with one another as peers. Distributed computing can be optimized for workloads that consist
of many independent jobs or packets of work, which do not need to share data between the
jobs during the computational process. Grid computers include at least one node known as a
master node that manages a plurality of slave nodes or computational nodes. In
gridMathematica, each of a plurality of kernels runs on a single node. One kernel is
designated the master kernel, which handles all input, output, and scheduling of the other
kernels (the computational kernels or slave kernels). Computational kernels receive
commands and data only from the node running the master kernel. Each computational
kernel performs its work independently of the other computational kernels and intermediate
results of one job do not affect other jobs in progress on other nodes.

SUMMARY

[0006] Embodiments described herein have several features, no single one of
which is solely responsible for their desirable attributes. Without limiting the scope of the
invention as expressed by the claims, some of the advantageous features will now be
discussed briefly.

[0007] Some embodiments described herein provide techniques for conveniently
adding cluster computing functionality to a computer application. In one embodiment, a user
of a software package may be able to achieve higher performance and/or higher availability
from the software package by enabling the software to benefit from a plurality of nodes in a
cluster. One 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. 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.

[0008] One embodiment adapts a software module designed to run on a single
node, such as, for example, the Mathematica kernel, to support cluster computing, even when
the software module is not designed to provide such support. One embodiment provides

parallelization for an application program, even if no access to the program’s source code is
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available. One embodiment adds and supports Message Passing Interface (“MPI”) calls
directly from within a user interface, such as, for example, the Mathematica programming
environment. In one embodiment, MPI calls are added to or made available from an
interactive programming environment, such as the Mathematica Front End.

[0009] One embodiment provides a computer cluster including a first processor, a
second processor, and a third processor. The cluster includes at least one computer-readable
medium in communication at least one of the first processor, the second processor, or the
third processor. A first kernel resides in the at least one computer-readable medium and is
configured to translate commands into code for execution on the first processor. A first
cluster node module resides in the at least one computer-readable medium. The first cluster
node module is configured to send commands to the first kernel and receives commands from
a user interface. A second kernel resides in the at least one computer-readable medium. The
second kernel is configured to translate commands into code for execution on the second
processor. A second cluster node module resides in the at least one computer-readable
medium. The second cluster node module is configured to send commands to the second
kernel and communicates with the first cluster node module. A third kernel resides in the at
least one computer-readable medium. The third kernel is configured to translate commands
into code for execution on the third processor. A third cluster node module resides in the at
least one computer-readable medium. The third cluster node module is configured to send
commands to the third kernel and configured to communicate with the first cluster node
module and the second cluster node module. The first cluster node module comprises a data
structure in which messages originating from the second and third cluster node modules are
stored.

[0010] Another embodiment provides a computer cluster that includes a plurality
of nodes and a software package including a user interface and a single-node kernel for
interpreting program code instructions. A cluster node module is configured to communicate
with the single-node kernel and other cluster node modules. The cluster node module accepts
instructions from the user interface and interprets at least some of the instructions such that
several cluster node modules in communication with one another act as a cluster. The cluster
node module appears as a single-node kernel to the user interface. In one embodiment, the

single-node kernel includes a Mathematical kernel. In some embodiments, the user interface
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can include at least one of a Mathematica front end or a command line. In some
embodiments, the cluster node module includes a toolkit including library calls that
implement at least a portion of MPI calls. In some embodiments, the cluster node module
includes a toolkit including high-level cluster computing commands. In one embodiment, the
cluster system can include a plurality of Macintosh® computers (“Macs”), Windows®-based
personal computers (“PCs”), and/or Unix/Linux-based workstations.

[0011] A further embodiment provides a computer cluster including a plurality of
nodes. Each node is configured to access a computer-readable medium comprising program
code for a user interface and program code for a single-node kernel module configured to
interpret user instructions. The cluster includes a plurality of cluster node modules. Each
cluster node module is configured to communicate with a single-node kernel and with one or
more other cluster node modules, to accept instructions from the user interface, and to
interpret at least some of the user instructions such that the plurality of cluster node modules
communicate with one another in order to act as a cluster. A communications network
connects the nodes. One of the plurality of cluster node modules returns a result to the user
interface.

[0012] Another embodiment provides a method of evaluating a command on a
computer cluster. A command from at least one of a user interface or a script is
communicated to one or more cluster node modules within the computer cluster. Each of the
one or more cluster node modules communicates a message based on the command to a
respective kernel module associated with the cluster node module. Each of the one or more
cluster node modules receives a result from the respective kernel module associated with the
cluster node module. At least one of the one or more cluster node modules responds to
messages from other cluster node modules.

[0013] Another embodiment provides a computing system for executing
Mathematica code on multiple nodes. The computing system includes a first node module in
communication with a first Mathematica kernel executing on a first node, a second node
module in communication with a second Mathematica kernel executing on a second node,
and a third node module in communication with a third Mathematica kernel executing on a
third node. The first node module, the second node module, and the third node module are

configured to communicate with one another using a peer-to-peer architecture. In some
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embodiments, each of the first node module, the second node module, and third node module
includes a data structure for maintaining messages originating from other node modules and
a data structure for maintaining data specifying a location to which an message is expected to
be received and an identifier for a node from which the message is expected to be sent.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A general architecture that implements the various features are described
with reference to the drawings. The drawings and the associated descriptions are provided to
illustrate embodiments and not to limit the scope of the disclosure. Throughout the drawings,
reference numbers are re-used to indicate correspondence between referenced elements.

[0015] FIG. 1 is a block diagram of one embodiment of a computer cluster.

[0016] FIG. 2 is a block diagram showing relationships between software
modules running on one embodiment of a computer cluster.

[0017] FIG. 3 is a block diagram of one embodiment of a cluster node module.

[0018] FIG. 4 is a flow chart showing one embodiment of a cluster initialization
process.

[0019] FIG. 5 is a flow chart showing one embodiment of the operation of a
cluster node module.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0020] For purposes of illustration, some embodiments are described herein in the
context of cluster computing with Mathematica software. The present disclosure is not
limited to a single software program; the systems and methods can be used with other
application software such as, for example, Maple®, MATLAB®, MathCAD®, Apple
Shake®, Apple® Compressor, IDL®, other applications employing an interpreter or a kernel,
Microsoft Excel®, Adobe After Effects®, Adobe Premiere®, Adobe Photoshop®, Apple
Final Cut Pro®, and Apple iMovie®. Some figures and/or descriptions, however, relate to
embodiments of computer clusters running Mathematica. The system can include a variety of
uses, including but not limited to students, educators, scientists, engineers, mathematicians,
researchers, and technicians. It is also recognized that in other embodiments, the systems and
methods can be implemented as a single module and/or implemented in conjunction with a
variety of other modules. Moreover, the specific implementations described herein are set

forth in order to illustrate, and not to limit, the disclosure.
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L Overview

[0021] The cluster computing system described herein generally includes one or
more computer systems connected to one another via a communications network or
networks. The communications network can include one or more of a local area network
(“LAN”), a wide area network (“WAN?”), an intranet, the Internet, etc. In one embodiment, a
computer system comprises one or more processors such as, for example, a microprocessor
that can include one or more processing cores (“nodes”). The term “node” refers to a
processing unit or subunit that is capable of single-threaded execution of code. The
processors can be connected to one or more memory devices such as, for example, random
access memory (“RAM?”), and/or one or more optional storage devices such as, for example,
a hard disk. Communications among the processors and such other devices may occur, for
example, via one or more local buses of a computer system or via a LAN, a WAN, a storage
area network (“SAN”), and/or any other communications network capable of carrying signals
among computer system components. In one embodiment, one or more software modules
such as kernels, run on nodes within the interconnected computer systems. In one
embodiment, the kernels are designed to run on only a single node. In one embodiment,
cluster node modules communicate with the kernels and with each other in order to
implement cluster computing functionality.

[0022] FIG. 1 is a block diagram of one embodiment of a computer cluster 100
wherein computer systems 110, 120, 130 communicate with one another via a
communications network 102. Network 102 includes one or more of a LAN, a WAN, a
wireless network, an intranet, or the Internet. In one embodiment of the computer cluster,
computer system 110 includes processors 112a, 112b, memory 114, and optional storage 116.
Other computer systems 120, 130 can include similar devices, which generally communicate
with one another within a computer system over a local communications architecture such as
a local bus (not shown). A computer system can include one or more processors, and each
processor can contain one or more processor cores that are capable of single-threaded
execution. Processor cores are generally independent microprocessors, but more than one can
be included in a single chip package. Software code designed for single-threaded execution
can generally run on one processor core at a time. For example, single-threaded software

code typically does not benefit from multiple processor cores in a computer system.
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[0023] FIG. 2 is a block diagram showing relationships among software modules
running on one embodiment of a computer cluster 100. In the embodiment shown in FIG. 2,
the kernel modules 206a-e are designed for single-threaded execution. For example, if each
of the processors 112a, 112b, 122a, 122b, 132 shown in FIG. 1 includes only one processor
core, two kernel modules (for example, kernel modules 206a, 206b) loaded into the memory
114 of computer system 110 could exploit at least some of the processing bandwidth of the
two processors 112a, 112b. Similarly, two kernel modules 206c, 206d loaded into the
memory 124 of computer system 120 could exploit at least some of the processing bandwidth
of the two processors 122a, 122b. Likewise, the bandwidth of processor 132 of computer
system 130 could be utilized by a single instance of a cluster node module 204e loaded into
the computer system’s memory 134.

[0024] In the embodiment shown in FIG. 2, each of the kernel modules 206a-¢ is
in communication with a single cluster node module 204a-e, respectively. For example, the
kernel module 206a is in communication with the cluster node module 204a, the kernel
module 206b is in communication with the cluster node module 206b, and so forth. In one
embodiment, one instance of a cluster node module 204a-e is loaded into a computer
system’s memory 114, 124, 134 for every instance of a kernel module 206a-¢ running on the
system. As shown in FIG. 2, each of the cluster node modules 204a-e is in communication
with each of the other cluster node modules 204a-e. For example, one cluster node module
204a is in communication with all of the other cluster node modules 204b-e. A cluster node
module 204a may communicate with another cluster node module 204b via a local bus (not
shown) when, for example, both cluster node modules 204a-b execute on processors 112a,
112b within the same computer system 110. A cluster node module 204a may also
communicate with another cluster node module 204c over a communications network 102
when, for example, the cluster node modules 204a, ¢ execute on processors 112a, 122a
within different computer systems 110, 120.

[0025] As shown in FIG. 2, an optional user interface module 202 such as, for
example, a Mathematica front end and/or a command line interface, can connect to a cluster
node module 204a. The user interface module can run on the same computer system 110
and/or the same microprocessor 112a on which the cluster node module 204a runs. The

cluster node modules 204a-e provide MPI calls and/or advanced cluster functions that
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implement cluster computing capability for the single-threaded kernel modules. The cluster
node modules 204a-¢ are configured to look and behave like a kernel module 206a from the
perspective of the user interface module 202. Similarly, the cluster node modules 204a-¢ are
configured to look and behave like a user interface module 202 from the perspective of a
kernel module 206a. The first cluster node module 204a is in communication with one or
more other cluster node modules 204b, 204c, and so forth, each of which provides a set of
MPI calls and/or advanced cluster commands. In one embodiment, MPI may be used to send
messages between nodes in a computer cluster.

[0026] Communications can occur between any two or more cluster node
modules (for example, between a cluster node module 204a and another cluster node module
204c¢) and not just between “adjacent” kernels. Each of the cluster node modules 204a-¢ is in
communication with respective kernel modules 206a-e. Thus, the cluster node module 204a
communicates with the kernel module 206a. MPI calls and advanced cluster commands are
used to parallelize program code received from an optional user interface module 208 and
distribute tasks among the kernel modules 206a-e. The cluster node modules 204a-e provide
communications among kernel modules 206a-e while the tasks are executing. Results of
evaluations performed by kernel modules 206a-e are communicated back to the first cluster
node module 204a via the cluster node modules 204a-e, which communicates them to the
user interface module 208.

[0027] Intercommunication among kernel modules 206a-e during thread
execution, which is made possible by cluster node modules 204a-e, provides advantages for
addressing various types of mathematic and scientific problems, for example.
Intercommunication provided by cluster computing permits exchange of information
between nodes during the course of a parallel computation. Embodiments of the present
disclosure provide such intercommunication for software programs such as Mathematica,
while grid computing solutions can implement communication between only one master
node and many slave nodes. Grid computing does not provide for communication between
slave nodes during thread execution.

[0028] For purposes of providing an overview of some embodiments, certain
aspects, advantages, benefits, and novel features of the invention are described herein. It is to

be understood that not necessarily all such advantages or benefits can be achieved in
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accordance with any particular embodiment of the invention. Thus, for example, those skilled
in the art will recognize that the invention can be embodied or carried out in a manner that
achieves one advantage or group of advantages as taught herein without necessarily
achieving other advantages or benefits as can be taught or suggested herein.

II. Computer Cluster 100

[0029] As shown in FIG. 1, one embodiment of a cluster system 100 includes
computer systems 110, 120, 130 in communication with one another via a communications
network 102. A first computer system 110 can include one or more processors 112a-b, a
memory device 114, and an optional storage device 116. Similarly, a second computer
system 120 can include one or more processors 122a-b, a memory device 124, and an
optional storage device 126. Likewise, a third computer system 130 can include one or more
processors 132, a memory device 134, and an optional storage device 136. Each of the
computer systems 110, 120, 130 includes a network interface (not shown) for connecting to a
communications network 102, which can include one or more of a LAN, a WAN, an intranet,
a wireless network, and/or the Internet.

A. Computer System 110

[0030] In one embodiment, a first computer system 110 communicates with other
computer systems 120, 130 via a network 102 as part of a computer cluster 100. In one
embodiment, the computer system 110 is a personal computer, a workstation, a server, or a
blade including one or more processors 112a-b, a memory device 114, an optional storage
device 116, as well as a network interface module (not shown) for communications with the
network 102.

1. Processors 112a-b

[0031] In one embodiment, the computer system 110 includes one or more
processors 112a-b. The processors 112a-b can be one or more general purpose single-core or
multi-core microprocessors such as, for example, a Pentium® processor, a Pentium® II
processor, a Pentium® Pro processor, a Pentium® III processor, Pentium® 4 processor, a
Core Duo® processor, a Core 2 Duo® processor, a Xeon® processor, an Itanium®
processor, a Pentium® M processor, an x86 processor, an Athlon® processor, an 8051
processor, a MIPS® processor, a PowerPC® processor, an ALPHA® processor, etc. In

addition, one or more of the processors 112a-b can be a special purpose microprocessor such
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as a digital signal processor. The total number of processing cores (for example, processing
units capable of single-threaded execution) within all processors 112a-b in the computer
system 110 corresponds to the number of nodes available in the computer system 110. For
example, if the processors 112a-b were each Core 2 Duo® processors having two processing
cores, computer system 110 would have four nodes in all. Each node can run one or more
instances of a program module, such as a single-threaded kernel module.

2. Network Interface Module

[0032] The computer system 110 can also include a network interface module
(not shown) that facilitates communication between the computer system 110 and other
computer systems 120, 130 via the communications network 102.

[0033] The network interface module can use a variety of network protocols. In
one embodiment, the network interface module includes TCP/IP. However, it is to be
appreciated that other types of network communication protocols such as, for example, Point-
to-Point Protocol (“PPP”), Server Message Block (“SMB”), Serial Line Internet Protocol
(“SLIP”), tunneling PPP, AppleTalk, etc., may also be used.

3. Memory 114 and Storage 116

[0034] The computer system 110 can include memory 114, Memory 114 can
include, for example, processor cache memory (such as processor core-specific or cache
memory shared by multiple processor cores), dynamic random-access memory (“DRAM”),
static random-access memory (“SRAM?”), or any other type of memory device capable of
storing computer data, instructions, or program code. The computer system 110 can also
include optional storage 116. Storage 116 can include, for example, one or more hard disk
drives, floppy disks, flash memory, magnetic storage media, CD-ROMs, DVDs, optical
storage media, or any other type of storage device capable of storing computer data,
instructions, and program code.

4. Computer System 110 Information

[0035] The computer system 110 may be used in connection with various
operating systems such as: Microsoft® Windows® 3.X, Windows 95®, Windows 98®,
Windows NT®, Windows 2000®, Windows XP®, Windows CE®, Palm Pilot OS, OS/2,
Apple® MacOS®, MacOS X®, MacOS X Server®, Disk Operating System (DOS), UNIX,
Linux®, VxWorks, or IBM® OS/2®, Sun OS, Solaris OS, IRIX OS operating systems, etc.

-10-

Ex.1002 / Page 572 of 616
Intel Corporation et al



[0036] In one embodiment, the computer system 110 is a personal computer, a
laptop computer, a Blackberry® device, a portable computing device, a server, a computer
workstation, a local area network of individual computers, an interactive kiosk, a personal
digital assistant, an interactive wireless communications device, a handheld computer, an
embedded computing device, or the like.

[0037] As can be appreciated by one of ordinary skill in the art, the computer
system 110 may include various sub-routines, procedures, definitional statements, and
macros. Each of the foregoing modules are typically separately compiled and linked into a
single executable program. However, it is to be appreciated by one of ordinary skill in the art
that the processes that are performed by selected ones of the modules may be arbitrarily
redistributed to one of the other modules, combined together in a single module, made
available in a shareable dynamic link library, or partitioned in any other logical way.

B. Computer System 120

[0038] In one embodiment, a second computer system 120 communicates with
other computer systems 110, 130 via a network 102 as part of a computer cluster 100. In one
embodiment, the computer system 120 is a personal computer, a workstation, a server, or a
blade including one or more processors 122a-b, a memory device 124, an optional storage
device 126, as well as a network interface module (not shown) for communications with the
network 102.

1. Processors 112a-b

[0039] In one embodiment, the computer system 120 includes one or more
processors 122a-b. The processors 122a-b can be one or more general purpose single-core or
multi-core microprocessors such as a Pentium® processor, a Pentium® II processor, a
Pentium® Pro processor, a Pentium® III processor, Pentium® 4 processor, a Core Duo®
processor, a Core 2 Duo® processor, a Xeon® processor, an Itanium® processor, a
Pentium® M processor, an x86 processor, an Athlon® processor, an 8051 processor, a
MIPS® processor, a PowerPC® processor, an ALPHA® processor, etc. In addition, the
processors 122a-b can be any special purpose microprocessors such as a digital signal
processor. The total number of processing cores (for example, processing units capable of
single-threaded execution) within all processors 122a-b in the computer system 120

corresponds to the number of nodes available in the computer system 120. For example, if
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the processors 122a-b were each Core 2 Duo® processors having two processing cores,
computer system 120 would have four nodes in all. Each node can run one or more instances
of a program module, such as a single-threaded kernel module.

2. Network Interface Module

[0040] The computer system 120 can also include a network interface module
(not shown) that facilitates communication between the computer system 120 and other
computer systems 110, 130 via the communications network 102.

[0041] The network interface module can use a variety of network protocols. In
one embodiment, the network interface module includes TCP/IP. However, it is to be
appreciated that other types of network communication protocols such as, for example, Point-
to-Point Protocol (“PPP”), Server Message Block (“SMB”), Serial Line Internet Protocol
(“SLIP”), tunneling PPP, AppleTalk, etc., may also be used.

3. Memory 124 and Storage 126

[0042] The computer system 120 can include memory 124. Memory 124 can
include, for example, processor cache memory (such as processor core-specific or cache
memory shared by multiple processor cores), dynamic random-access memory (“DRAM”),
static random-access memory (“SRAM”), or any other type of memory device capable of
storing computer data, instructions, or program code. The computer system 120 can also
include optional storage 126. Storage 126 can include, for example, one or more hard disk
drives, floppy disks, flash memory, magnetic storage media, CD-ROMs, DVDs, optical
storage media, or any other type of storage device capable of storing computer data,
instructions, and program code.

4. Computer System 120 Information

[0043] The computer system 120 may be used in connection with various
operating systems such as: Microsoft® Windows® 3.X, Windows 95®, Windows 98®,
Windows NT®, Windows 2000®, Windows XP®, Windows CE®, Palm Pilot OS, OS/2,
Apple® MacOS®, MacOS X®, MacOS X Server®, Disk Operating System (DOS), UNIX,
Linux®, VxWorks, or IBM® OS/2®, Sun OS, Solaris OS, IRIX OS operating systems, etc.

[0044] In one embodiment, the computer system 120 is a personal computer, a
laptop computer, a Blackberry® device, a portable computing device, a server, a computer

workstation, a local area network of individual computers, an interactive kiosk, a personal
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digital assistant, an interactive wireless communications device, a handheld computer, an
embedded computing device, or the like.

[0045] As can be appreciated by one of ordinary skill in the art, the computer
system 120 may include various sub-routines, procedures, definitional statements, and
macros. Each of the foregoing modules are typically separately compiled and linked into a
single executable program. However, it is to be appreciated by one of ordinary skill in the art
that the processes that are performed by selected ones of the modules may be arbitrarily
redistributed to one of the other modules, combined together in a single module, made
available in a shareable dynamic link library, or partitioned in any other logical way.

C. Computer System 130

[0046] In one embodiment, a third computer system 130 communicates with
other computer systems 110, 120 via a network 102 as part of a computer cluster 100. In one
embodiment, the computer system 130 is a personal computer, a workstation, a server, or a
blade including one or more processors 132, a memory device 134, an optional storage
device 136, as well as a network interface module (not shown) for communications with the
network 102.

1. Processors 112a-b

[0047] In one embodiment, the computer system 130 includes a processor 132.
The processor 132 can be a general purpose single-core or multi-core microprocessors such
as a Pentium® processor, a Pentium® II processor, a Pentium® Pro processor, a Pentium®
IIT processor, Pentium® 4 processor, a Core Duo® processor, a Core 2 Duo® processor, a
Xeon® processor, an Itanium® processor, a Pentium® M processor, an x86 processor, an
Athlon® processor, an 8051 processor, a MIPS® processor, a PowerPC® processor, or an
ALPHA® processor. In addition, the processor 132 can be any special purpose
microprocessor such as a digital signal processor. The total number of processing cores (for
example, processing units capable of single-threaded execution) within processor 132 in the
computer system 130 corresponds to the number of nodes available in the computer system
130. For example, if the processor 132 was a Core 2 Duo® processor having two processing
cores, the computer system 130 would have two nodes. Each node can run one or more

instances of a program module, such as a single-threaded kernel module.
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2. Network Interface Module

[0048] The computer system 130 can also include a network interface module
(not shown) that facilitates communication between the computer system 130 and other
computer systems 110, 120 via the communications network 102.

[0049] The network interface module can use a variety of network protocols. In
one embodiment, the network interface module includes TCP/IP. However, it is to be
appreciated that other types of network communication protocols such as, for example, Point-
to-Point Protocol (“PPP”), Server Message Block (“SMB”), Serial Line Internet Protocol
(“SLIP”), tunneling PPP, AppleTalk, etc., may also be used.

3. Memory 134 and Storage 136

[0050] The computer system 130 can include memory 134, Memory 134 can
include, for example, processor cache memory (such as processor core-specific or cache
memory shared by multiple processor cores), dynamic random-access memory (“DRAM”),
static random-access memory (“SRAM?”), or any other type of memory device capable of
storing computer data, instructions, or program code. The computer system 130 can also
include optional storage 136. Storage 136 can include, for example, one or more hard disk
drives, floppy disks, flash memory, magnetic storage media, CD-ROMs, DVDs, optical
storage media, or any other type of storage device capable of storing computer data,
instructions, and program code.

4. Computer System 130 Information

[0051] The computer system 130 may be used in connection with various
operating systems such as: Microsoft® Windows® 3.X, Windows 95®, Windows 98®,
Windows NT®, Windows 2000®, Windows XP®, Windows CE®, Palm Pilot OS, OS/2,
Apple® MacOS®, MacOS X®, MacOS X Server®, Disk Operating System (DOS), UNIX,
Linux®, VxWorks, or IBM® OS/2®, Sun OS, Solaris OS, IRIX OS operating systems, etc.

[0052] In one embodiment, the computer system 130 is a personal computer, a
laptop computer, a Blackberry® device, a portable computing device, a server, a computer
workstation, a local area network of individual computers, an interactive kiosk, a personal
digital assistant, an interactive wireless communications device, a handheld computer, an

embedded computing device, or the like.
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[0053] As can be appreciated by one of ordinary skill in the art, the computer
system 130 may include various sub-routines, procedures, definitional statements, and
macros. Each of the foregoing modules are typically separately compiled and linked into a
single executable program. However, it is to be appreciated by one of ordinary skill in the art
that the processes that are performed by selected ones of the modules may be arbitrarily
redistributed to one of the other modules, combined together in a single module, made
available in a shareable dynamic link library, or partitioned in any other logical way.

E. Communications Network 102

[0054] In one embodiment, computer systems 110, 120, 130 are in
communication with one another via a communications network 102.

[0055] The communications network 102 may include one or more of any type of
electronically connected group of computers including, for instance, the following networks:
a virtual private network, a public Internet, a private Internet, a secure Internet, a private
network, a public network, a value-added network, a wired network, a wireless network, an
intranet, etc. In addition, the connectivity to the network can be, for example, a modem,
Ethernet (IEEE 802.3), Gigabit Ethernet, 10-Gigabit Ethernet, Token Ring (IEEE 802.5),
Fiber Distributed Datalink Interface (FDDI), Frame Relay, InfiniBand, Myrinet,
Asynchronous Transfer Mode (ATM), or another interface. The communications network
102 may connect to the computer systems 110, 120, 130, for example, by use of a modem or
by use of a network interface card that resides in each of the systems.

[0056] In addition, the same or different communications networks 102 may be
used to facilitate communication between the first computer system 110 and the second
computer system 120, between the first computer system 110 and the third computer system

130, and between the second computer system 120 and the third computer system 130.
I11. Software Modules

[0057] As shown in FIG:s 1 and 2, one embodiment of a cluster system 100
includes a user interface module 202 that is able to access a plurality of kernel modules 206a-
e by communicating with a first cluster node module 204a. User interface module can be
stored in a memory 114, 124, 134 while running, for example, and/or can be stored in a
storage device 116, 126, 136. The first cluster node module 204a is in communication with

each of the other cluster node modules 204b-e. The kernel modules 206a-e can reside in the
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memory of one or more computer systems on which they run. For example, the memory 114
of the first computer system 110 can store instances of kernel modules 206a-b, the memory
124 of the second computer system 120 can store instances of kernel modules 206¢c-d, and
the memory 134 of the third computer system 130 can store an instance of kernel module
206e. The kernel modules 206a-e, which include single-threaded program code, are each
associated with one of the processors 112a, 112b, 122a, 122b, 132. A cluster configuration
module stored on one or more of the computer systems 110, 120, 130 or on a remote
computer system, for example, can establish communication with the cluster node modules
204a-e. In one embodiment, communication between the cluster configuration module 208
and the cluster node modules 204a-¢ initializes the cluster node modules 204a-e to provide
cluster computing support for the computer cluster 100.

A. Cluster Node Module 204

[0058] In one embodiment, the cluster node modules 204a-e provide a way for
many kernel modules 206a-e such as, for example, Mathematica kernels, running on a
computer cluster 100 to communicate with one another. A cluster node module 204 can
include at least a portion of an application programming interface (“API”) known as the
Message-Passing Interface (“MPI”), which is used in several supercomputer and cluster
installations. A network of connections (for example, the arrows shown in FIG. 2) between
the cluster node modules 204a-e can be implemented using a communications network 102,
such as, for example, TCP/IP over Ethernet, but the connections could also occur over any
other type of network or local computer bus.

[0059] A cluster node module 204 can use an application-specific toolkit or
interface such as, for example, Mathematica’s MathLink, Add-Ons, or packets, to interact
with an application. Normally used to connect a Mathematica kernel to a user interface
known as the Mathematica Front End or other Mathematica kernels, MathLink is a
bidirectional protocol to sends “packets” containing messages, commands, or data between
any of these entities. MathLink does not allow direct cluster computing-like simultaneous
communication between Mathematica kernels during execution of a command or thread.
MathLink is also not designed to perform multiple simultaneous network connections. In
some embodiments, a cluster node module 204 can use an application-specific toolkit such

as, for example, MathLink, for connections between entities on the same computer.
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[0060] When speaking about procedures or actions on a cluster or other parallel
computer, not all actions happen in sequential order, nor are they required to. For example, a
parallel code, as opposed to a single-processor code of the classic “Turing machine” model,
has multiple copies of the parallel code running across the cluster, typically one for each
processor (or “processing element” or “core”). Such parallel code is written in such a way
that different instances of the same code can communicate, collaborate, and coordinate work
with each other. Multiple instances of these codes can run at the same time in parallel.

[0061] If the count of the code instances is an integer N, each instance of code
execution can be labeled O through N-1. For example, a computer cluster can include N
connected computers, each containing a processor. The first has cluster node module 0
connected with kernel module O running on processor 0. The next is cluster node module 1
and kernel module 1, on processor 1, and so forth for each of the N connected computers.
Some steps of their procedure are collaborative, and some steps are independent. Even
though these entities are not necessarily in lock-step, they do follow a pattern of
initialization, main loop behavior (for example, cluster node module operation), and shut
down.

[0062] In contrast, a parallel computing toolkit (PCT) that is provided as part of
the gridMathematica software package does not provide a means for instances of the same
code running on different nodes to communicate, collaborate, or coordinate work among the
instances. The PCT provides commands that connect Mathematica kernels in a master-slave
relationship rather than a peer-to-peer relationship as enabled by some embodiments
disclosed herein. A computer cluster having peer-to-peer node architecture performs
computations that can be more efficient, easier to design, and/or more reliable than similar
computations performed on grid computers having master-slave node architecture. Moreover,
the nature of some computations may not allow a programmer to harness multi-node
processing power on systems that employ master-slave node architecture.

[0063] FIG. 3 shows one embodiment of a cluster node module 204 implementing
MPI calls and advanced MPI functions. In the embodiment shown in FIG. 3, cluster node
module 204 includes MPI module 302, advanced functions module 304, received message

queue 306, and message receiving queue 308.
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1. MPI module 302

[0064] In one embodiment, the cluster node module 204 includes an MPI module
302. The MPI module 302 can include program code for one or more of at least five kinds of
MPI instructions or calls. Selected constants, instructions, and/or calls that can be

implemented by the MPI module 302 are as follows:

MPI Constants

[0065] Node identifiers are used to send messages to nodes or receive messages
from them. In MPI, this is accomplished by assigning each node a unique integer ($IdProc)
starting with 0. This data, with a knowledge of the total count (§NProc), makes it possible to

programmatically divide any measurable entity.

Constant Description

$1dProc The identification number of the current processor

$NProc The number of processors in the current cluster
$mpiCommWorld The communicator world of the entire cluster (see MPI

Communicator routines, below)

mpiCommWorld The default communicator world for the high-level routines.

Table A

Basic MPI Calls

[0066] In one embodiment, the MPI module 302 can include basic MPI calls such
as, for example, relatively low-level routines that map MPI calls that are commonly used in
other languages (such as C and Fortran), so that such calls can be available directly from the
Mathematica user interface 204. In some embodiments, basic MPI calls include calls that
send data, equations, formulas, and/or other expressions.

[0067] Simply sending expressions from one node to another is possible with
these most basic MPI calls. One node can call to send an expression while the other calls a
corresponding routine to receive the sent expression. Because it is possible that the receiver
has not yet called mpiRecv even if the message has left the sending node, completion of

mpiSend is not a confirmation that it has been received.
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Call Description

mpiSend[expr, target, Sends an expression expr to a node with the ID target in the
comm, tag] communicator would comm, waiting until that expression has

left this kernel

mpiRecv [expr, target, Receives an expression into expr from a node with the ID target

comm, tag] in the communicator world comm, waiting until the expression
has arrived

mpiSendRecv[sendexpr, Simultaneously sends the expression sendexpr to the node with

dest, recvexpr, source, the ID target and receives an expression into recvexpr from the

comm] node with the ID source in the communicator world comm,

waiting until both operations have returned.

Table B
Asynchronous MPI Calls
[0068] Asynchronous calls make it possible for the kernel to do work while
communications are proceeding simultaneously. It is also possible that another node may not

be able to send or receive data yet, allowing one kernel to continue working while waiting.
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Call Description

mpilSend[expr, target, Sends an expression expr to a processor with the ID target in the
comm, tag, req] communicator world comm, returning immediately. It can be

balanced with calls to mpiTest[req] until mpiTest[req] returns

True.
mpilRecv[expr, target, Receives an expression expr from a processor with the ID target
comm, tag, req] in the communicator world comm, returning immediately. It can

be balanced with calls to mpiTest[req] until mpiTest[req] returns

True. The expr is not safe to access until mpiTest[req] returns

True.
mpiTest[req] Completes asynchronous behavior of mpilSend and mpilRecv
mpiWait[req] Calls mpiTest until it returns True.
mpiWaitall[reglist] Calls mpiWait all on every element of reqlist
mpiWaitany[reqlist] Calls mpiTest on each element of realist until one of them

returns True

Table C

[0069] The mpilSend[] command can be called from within a kernel module 206
(for example, a Mathematica kernel). It creates a packet containing the Mathematica
expression to be sent as payload and where the expression should be sent. The packet itself is
destined only for its local cluster node module. Once received by its local cluster node
module, this packet is decoded and its payload is forwarded on to the cluster node module
specified in the packet.

[0070] The mpilRecv[] command can also be called from within a kernel module
206. It creates a packet specifying where it expects to receive an expression and from which
processor this expression is expected. Once received by its local cluster node module, this
packet is decoded and its contents are stored in a message receiving queue (MRQ) 308 (FIG.
3).

[0071] The mpiTest[] command can be called from within a kernel module 206. It
creates a packet specifying which message to test for completion, then waits for a reply
expression to evaluate. Once received by the kernel module’s associated cluster node module

204, this packet is decoded and its message specifier is used to search for any matching
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expressions listed as completed in its received message queue (RMQ) 306. If such completed
expressions are found, it is sent to its local kernel module as part of the reply in mpiTest[].
The kernel module receives this reply expression and evaluates it, which updates the kernel
module’s variables as needed.

[0072] Other MPI calls are built on the fundamental calls mpilSend, mpilRecv,
and mpiTest. For example, mpiBcast, a broadcast, creates instructions to send information
from the broadcast processor to all the others, while the other processors perform a Recv.
Similarly, high-level calls of the toolkit can be built on top of the collection of MPI calls.
Collective MPI Calls

[0073] In one embodiment, the MPI module 302 can include program code for
implementing collective MPI calls (for example, calls that provide basic multi-node data
movement across nodes). Collective MPI calls can include broadcasts, gathers, transpose,
and other vector and matrix operations, for example. Collective calls can also provide

commonly used mechanisms to send expressions between groups of nodes.
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Call Description

mpiBcast[expr, root, Performs a broadcast of expr from the root processor to all the
comm] others in the communicator world comm. An expression is
expected to be supplied by the root processor, while all the

others expect expr to be overwritten by the incoming

expression.
mpiGather[sendexpr, All processors (including root) in the communicator comm send
recvexpr, root, comm | their expression in sendexpr to the root processor, which

produces a list of these expressions, in the order according to

comm, in recvexpr. On the processors that are not root, recvexpr

is ignored.
mpiAllgather[sendexpr, All processors in the communicator comm send their expression
recvexpr, comm| in sendexpr, which are organized into a list of these expressions,

in the order according to comm, in recvexpr on all processors in

comm.
mpiScatter[sendexpr, Processor root partitions the list in sendexpr into equal parts (if
recvexpr, root, comm | possible) and places each piece in recvexpr on all the processors

(including root) in the communicator world comm, according

the order and size of comm.

mpiAlltoall[sendexpr, Each processor sends equal parts of the list in sendexpr to all
recvexpr, comm | other processors in the communicator world comm, which each
collects from all other processors are organizes into the order

according to comm.

Table D
In one embodiment, the MPI module 302 includes program code for implementing
parallel sums and other reduction operations on data stored across many nodes. MPI module
302 can also include program code for implementing simple parallel input/output calls (for
example, calls that allow cluster system 200 to load and store objects that are located on a

plurality of nodes).
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Call

Description

mpiReduce[sendexpr,
recvexpr, operation, root,

comm]

Performs a collective reduction operation between expressions on
all processors in the communicator world comm for every element
in the list in sendexpr returning the resulting list in recvexpr on the

processor with the ID root.

mpiAllreduce[sendexpr,

recvexpr, operation,

Performs a collective reduction operation between expressions on

all processors in the communicator world comm for every element

comm] in the list in sendexpr returning the resulting list in recvexpr on
every processor.
mpiReduceScatter Performs a collective reduction operation between expressions on

[sendexpr, recvexpr,

operation, comm |

all processors in the communicator world comm for every element

in the list in sendexpr, partitioning the resulting list into pieces for

each processor’ S recvexpr.

Table E

[0074] These additional collective calls perform operations that reduce the data in

parallel. The operation argument can be one of the constants below.

Constant Description

mpiSum Specifies that all the elements on different processors be added
together in a reduction call

mpiMax Specifies that the maximum of all the elements on different
processors be chosen in a reduction call

mpiMin Specifies that the minimum of all the elements on different

processors be chosen in a reduction call

MPI Communicator Calls

Table F

[0075] In one embodiment, the MPI module 302 includes program code for

implementing communicator world calls (for example, calls that would allow subsets of

nodes to operate as if they were a sub-cluster). Communicators organize groups of nodes into
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user-defined subsets. The communicator values returned by mpiCommSplit[] can be used in

other MPI calls instead of mpiCommWorld.

Call Description

mpiCommSize[comm] Returns the number of processors within the communicator
comm

mpiCommRank[comm] Returns the rank of this processor in the communicator comm

mpiCommDup[comm] Returns a duplicate communicator of the communicator comm

mpiCommSplit[comm, Creates a new communicator into several disjoint subsets each

color, key] identified by color. The sort order within each subset is first by

key, second according to the ordering in the previous
communicator. Processors not meant to participate in any new
communicator indicates this by passing the constant
mpiUndefined. The corresponding communicator is returned to

each calling processor.

mpiCommMap[comm] Returns the mapping of the communicator comm to the
mpiCommMap[comm, processor indexed according to $mpiCommWorld. Adding a
target] second argument returns just the ID of the processor with the ID

target in the communicator comm.

mpiCommFree[comm] Frees the communicator comm

Table G

Other MPI Support Calls

[0076] Other calls that provide common functions include:
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Call Description

mpiWtime[] Provides wall-dock time since some fixed time in the past. There

is no guarantee that this time will read the same on all

processors.
mpiWtick[] Returns the time resolution of mpiWtime[]
MaxByElement[in] For every nth element of each list of the list in, chooses the

maximum according to Max[], and returns the result as one list.

Used in the mpiMax reduction operation.

MinByElement[in] For every nth element of each list of the list in, chooses the

minimum according to Min[], and returns the result as one list.

Used in the mpiMin reduction operation.

Table H

2. Advanced Functions Module 304

[0077] In one embodiment, the cluster node module 204 includes an advanced
functions module 304. The advanced functions module 304 can include program code that
provides a toolkit of functions inconvenient or impractical to do with MPI instructions and
calls implemented by the MPI module 302. The advanced functions module 304 can rely at
least partially on calls and instructions implemented by the MPI module 302 in the
implementation of advanced functions. In one embodiment, the advanced functions module
304 includes a custom set of directives or functions. In an alternative embodiment, the
advanced functions module 304 intercepts normal Mathematica language and converts it to
one or more functions optimized for cluster execution. Such an embodiment can be easier for
users familiar with Mathematica functions to use but can also complicate a program
debugging process. Some functions implemented by the advanced functions module 304 can
simplify operations difficult or complex to set up using parallel computing. Several examples
of such functions that can be implemented by the advanced functions module 304 are shown
below.

[0078] Built on the MPI calls, the calls that are described below provide

commonly used communication patterns or parallel versions of Mathematica features. Unless

25-

Ex.1002 / Page 587 of 616
Intel Corporation et al



otherwise specified, these are executed in the communicator mpiCommWorld, whose default
is $mpiCommWorld, but can be changed to a valid communicator at run time.
Common Divide-and-Conquer Parallel Evaluation

[0079] In one embodiment, the advanced functions module 304 includes
functions providing for basic parallelization such as, for example, routines that would
perform the same operations on many data elements or inputs, stored on many nodes. These
functions can be compared to parallelized for-loops and the like. The following calls address
simple parallelization of common tasks. In the call descriptions, “expr’ refers to an
expression, and “loopspec” refers to a set of rules that determine how the expression is
evaluated. In some embodiments, the advanced functions module 304 supports at least three
forms of loopspec, including {var, count}, where the call iterates the variable var from 1 to
the integer count; {var, start, stop}, where the call iterates the variable var every integer from
start to stop, and {var, start, stop, increment}, where the call iterates the variable var from
start adding increment for each iteration until var exceeds sfop, allowing var to be a non-

integer.
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Call

Description

ParallelDo[expr,

loopspec]

Like Do[] except that it evaluates expr across the cluster, rather
than on just one processor. The rules for how expr is evaluated

is specified in loopspec, like in Do[].

ParallelFunctionToList[f,
count]
ParallelFunctionToList[f,

count, root]

Evaluates the function fi] from 1 to count, but across the
cluster, and returns these results in a list. The third argument has

it gather this list into the processor whose ID is root.

Parallel Table[expr,
loopspec]
Parallel Table[expr,

loopspec, root]

Like Table[] except that it evaluates expr across the cluster,
rather than on just one processor, returning the locally evaluated
portion. The third argument has it gather this table in to the

processor whose ID is root.

ParallelFunction[f, inputs,

root]

Like f[inputs] except that it evaluates f on a subset of inputs
scattered across the cluster from processor root and gathered

back to root.

ParallelNintegrate[expr,

loopspec]

ParallelNintegrate[expr,
loopspec,digits]

Like Nintegrate[] except that it evaluates a numerical
integration of expr over domains partitioned into the number of
processors in the cluster, then returns the sum. The third
argument has each numerical integration execute with at least

that many digits of precision.

Guard-Cell Management

[0080]

Table I

In one embodiment, the advanced functions module 304 includes

functions providing for guard-cell operations such as, for example, routines that perform

nearest-neighbor communications to maintain edges of local arrays in any number of

dimensions (optimized for 1-, 2-, and/or 3-D). Typically the space of a problem is divided

into partitions. Often, however, neighboring edges of each partition can interact, so a “guard

cell” is inserted on both edges as a substitute for the neighboring data. Thus the space a

processor sees is two elements wider than the actual space for which the processor is

responsible. EdgeCell helps maintain these guard cells.
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Call

Description

EdgeCell[list]

Copies the second element of list to the last element of the left
processor and the second-to-last element of list to the first
element of the right processor while simultaneously receiving

the same from its neighbors.

Table J

Matrix and Vector Manipulation

[0081]

The advanced functions module 304 can also include functions providing

for linear algebra operations such as, for example, parallelized versions of basic linear

algebra on structures partitioned on many nodes. Such linear algebra operations can

reorganize data as needed to perform matrix and vector multiplication or other operations

such as determinants, trace, and the like. Matrices are partitioned and stored in processors

across the cluster. These calls manipulate these matrices in common ways.
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Call

Description

Parallel Transpose[matrix]

Like Transpose[] except that it transposes matrix that is in
fact represented across the cluster, rather than on just one
processor. It returns the portion of the transposed matrix

meant for that processor.

ParallelProduct[ matrix,

vector]

Evaluates the product of matrix and vector, as it would on one

processor, except that matrix is represented across the cluster.

ParallelDimensions[matrix |

Like Dimensions[] except that matrix is represented across
the cluster, rather than on just one processor. It returns a list

of each dimension.

Parallel Tr[matrix|

Like Tr[] except that the matrix is represented across the
cluster, rather than on just one processor. It returns the trace

of this matrix.

Parallelldentity[rank]

Like Identity[], it generates a new identity matrix, except that
the matrix is represented across the cluster, rather than on just
one processor. It returns the portion of the new matrix for this

processor.

ParallelOuter|[f, vectorl,

vector2]

Like Outer[f, vectorl, vector2] except that the answer
becomes a matrix represented across the cluster, rather than
on just one processor. It returns the portion of the new matrix

for this processor.

Parallellnverse[matrix|]

Like Inverse[] except that the matrix is represented across the
cluster, rather than on just one processor. It returns the inverse

of the matrix.

Flement Management

Table K

[0082] In one embodiment, the advanced functions module 304 includes element

management operations. For example, a large bin of elements or particles cut up in space

across the nodes may need to migrate from node to node based on rules or criteria (such as

their spatial coordinate). Such operations would migrate the data from one node to another.
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Besides the divide-and-conquer approach, a list of elements can also be partitioned in
arbitrary ways. This is useful if elements need to be organized or sorted onto multiple
processors. For example, particles of a system may drift out of the space of one processor

into another, so their data would need to be redistributed periodically.

Call Description

ElementManage][list, switch] | Selects which elements of list will be sent to which
processors according to the function switch[] is evaluated on
each element of list. If switch is a function, switch[] should
return the ID of the processor that element should be sent. If
switch is an integer, the call assumes that each elements is
itself a list, whose first element is a number ranging from 0
to the passed argument. This call returns a list of the
elements, from any processor, that is switch selected for this

processor.

ElementManage[list] Each element of list can be a list of two elements, the first
being the ID of the processor where the element should be
sent, while the second is arbitrary data to send. This call
returns those list elements, from any and all processors,
whose first element is this processors ID in a list. This call
is used internally by the two-argument version of

ElementManage[].

Table L

Fourier Transform

[0083] In one embodiment, the advanced functions module 304 includes program
code for implementing large-scale parallel fast Fourier transforms (“FFTs”). For example,
such functions can perform FFTs in one, two, and/or three dimensions on large amounts of
data that are not stored on one node and that are instead stored on many nodes. Fourier
transforms of very large arrays can be difficult to manage, not the least of which is the

memory requirements. Parallelizing the Fourier transform makes it possible to make use of

-30-

Ex.1002 / Page 592 of 616
Intel Corporation et al



all the memory available on the entire cluster, making it possible to manipulate problem sizes

that no one processor could possibly do alone.

Call Description
ParallelFourier[list] Like Fourier[] except that list is a two- or three-dimensional list
represented across the cluster, like for matrices, above. It returns
the portion of the Fourier-transformed array meant for that
processor.
Table M
Parallel Disk 1/0

[0084]

In one embodiment, the advanced functions module 304 includes parallel

disk input and output calls. For example, data may need to be read in and out of the cluster in

such a way that the data is distributed across the cluster evenly. The calls in the following

table enable the saving data from one or more processors to storage and the retrieval data

from storage.

Call Description
ParallelPut[expr, Puts expr into the file with the name filename in order on
filename] processor 0. The third argument specifies that the file be written

ParallelPut[expr, filename
root]
ParallelPut[expr,

filename, root, comm ]

on the processor whose ID is root. The fourth uses the

communicator world comm.

Parallel Get[filename]
ParallelGet[filename,
root]

ParallelGet[filename,

root,comm ]

Reads and returns data from the file with the name filename on
processor O partitioned into each processor on the cluster. The
second argument specifies that the file is to be read on the
processor whose ID is root. The third uses the communicator

world comm.
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Call Description

ParallelBinaryPut[expr, Puts expr into the file with the binary format type with the name
type,filename] filename in order on processor 0. The fourth argument specifies
ParallelBinaryPut[expr, that the file be written on the processor whose ID is root. The
filename, root] fifth uses the communicator world comm.
ParallelBinaryPut[expr,

filename, root, comm]

ParallelBinaryGet[type, Reads and returns data in the binary format type from the file
filename] with the name filename on processor O partitioned into each
ParallelBinaryGet[type, processor on the cluster. The third argument specifies that the
filename, root] file is to be read on the processor whose ID is root. The fourth
ParallelBinaryGet[type, uses the communicator world comm.

filename, root, comm ]

ParallelGetPerProcessor | Puts expr into the file with the name filename in order on
[expr, filename] processor O, one line per processor. The third argument
ParallelGetPerProcessor | specifies that the file be written on the processor whose ID is
[filename, root] root. The fourth uses the communicator world comm.
ParallelGetPerProcessor

[filename, root, comm]

ParallelGetPerProcessor | Reads and returns data from the file with the name filename on
[filename] processor O, one line for each processor. The second argument
ParallelGetPerProcessor | specifies that the file is to be read on the processor whose ID is
[filename, root] root. The third uses the communicator world comm.

ParallelGetPerProcessor

[filename, root, comm]

Table N

Automatic Load Balancing
[0085] Some function calls can take an inconsistent amount of processing time to
complete. For example, in Mathematica, the call f[20] could in general take much longer to

evaluate than f[19]. Moreover, if one or more processors within the cluster are of different
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speeds (for example, if some operate at a core frequency of 2.6 GHz while other operate at
less than one 1 GHz), one processor may finish a task sooner than another processor.

[0086] In some embodiments, the advanced functions module 304 includes a call
that can improve the operation of the computer cluster 100 in such situations. In some
embodiments, the root processor assigns a small subset of the possible calls for a function to
each processor on the cluster 100. Whichever processor returns its results first is assigned a
second small subset of the possible calls. The root processor will continue to assign small
subsets of the possible calls as results are received until an evaluation is complete. The order
in which the processors finish can vary every time an expression is evaluated, but the root
processor will continue assigning additional work to processors as they become available.

[0087] In one illustrative example, there are 4 processors and f]1] to f[100] to
evaluate. One could implement this by assigning f[1], {f[2], f[3], f [4] to each of processors 0
(the root can assign to oneself) through 3. If the f[2] result came back first, then processor 1
would be assigned f5]. If the f[4] result is returned next, {f{6] would be assigned to processor
3. The assignments continue until all results are calculated. The results are organized for
output back to the user.

[0088] In alternative embodiments, the subsets of possible calls can be assigned
in any order, rather than sequentially, or in batches (for example, f[1], {f[5], f[9] assigned to
processor 1, etc.). Also, the subsets could be organized by delegation. For example, one
processor node may not necessarily be in direct control of the other processors. Instead, a
large subset could be assigned to a processor, which would in turn assign subsets of its work

to other processors. The result would create a hierarchy of assignments like a vast army.

Call Description

LoadBalanceFunctionToList[f, | Evaluates the function fi] from 1 to count, but across the
count] cluster using load-balancing techniques, and returns these
LoadBalanceFunctionToList[f, | results in a list. The third argument has it gather this list into

count, root] the processor whose ID is root.

Table O
3. Received Message Queue 306

[0089] In one embodiment, the cluster node module 204 includes a received

message queue 306. The received message queue 306 includes a data structure for storing
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messages received from other cluster node modules. Related data pertaining to the messages
received, such as whether an expression has been completed, may also be stored in the
received message queue 306. The received message queue 306 may include a queue and/or
another type of data structure such as, for example, a stack, a linked list, an array, a tree, etc.

4. Message Receiving Queue 308

[0090] In one embodiment, the cluster node module 204 includes a message
receiving queue 308. The message receiving queue 308 includes a data structure for storing
information about the location to which an expression is expected to be sent and the
processor from which the expression is expected. The message receiving queue 308 may
include a queue and/or another type of data structure such as, for example, a stack, a linked
list, an array, a tree, etc.

B. Cluster Configuration Module 208

[0091] Cluster configuration module 208 includes program code for initializing a
plurality of cluster node modules to add cluster computing support to computer systems 110,
120, 130. United States Patent No. 7,136,924, issued to Dauger (the “’924 patent”), the
entirety of which is hereby incorporated by reference and made a part of this specification,
discloses a method and system for parallel operation and control of computer clusters. One
method generally includes obtaining one or more personal computers having an operating
system with discoverable network services. In some embodiments, the method includes
obtaining one or more processors or processor cores on which a kernel module can run. As
described in the ‘924 patent, a cluster node control and interface (CNCI) group of software
applications is copied to each node. When the CNCI applications are running on a node, the
cluster configuration module 208 can permit a cluster node module 204, in combination with
a kernel module 206, to use the node’s processing resources to perform a parallel
computation task as part of a computer cluster. The cluster configuration module 208 allows
extensive automation of the cluster creation process in connection with the present
disclosure.

C. User Interface Module 202

[0092] In some embodiments, computer cluster 100 includes a user interface
module 202, such as, for example a Mathematica Front End or a command line interface, that

includes program code for a kernel module 206 to provide graphical output, accept graphical
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input, and provide other methods of user communication that a graphical user interface or a
command-line interface provides. To support a user interface module 202, the behavior of a
cluster node module 204a is altered in some embodiments. Rather than sending output to and
accepting input from the user directly, the user interface module 202 activates the cluster
node module 204a to which it is connected and specifies parameters to form a connection,
such as a MathLink connection, between the cluster node module 204a and the user interface
module 202. The user interface module’s activation of the cluster node module 204a can
initiate the execution of instructions to activate the remaining cluster node modules 204b-e
on the cluster and to complete the sequence to start all kernel modules 206a-e on the cluster.
Packets from the user interface module 202, normally intended for a kernel module 206a, are
accepted by the cluster node module 204a as a user command. Output from the kernel
module 206a associated with the cluster node module 204a can be forwarded back to the user
interface module 202 for display to a user. Any of the cluster node modules 204a-e can be
configured to communicate with a user interface module 202.

D. Kernel Module 206

[0093] A kernel module 206 typically includes program code for interpreting
high-level code, commands, and/or instructions supplied by a user or a script into low-level
code, such as, for example, machine language or assembly language. In one embodiment,
each cluster node module 204a-e is connected to all other cluster node modules, while each
kernel module 206a-e is allocated and connected only to one cluster node module 204. In one
embodiment, there is one cluster node module-kernel module pair per processor. For
example, in an embodiment of a computer cluster 100 including single-processor computer
systems, each cluster node module-kernel module pair could reside on a single-processor
computer. If a computer contains multiple processors or processing cores, it may contain
multiple cluster node module-kernel module pairs, but the pairs can still communicate over

the cluster node module’s network connections.

IV. Cluster Computing Methods

[0094] In one embodiment, the computer cluster 100 includes a cluster
initialization process, a method of cluster node module operation, and a cluster shut down

process.
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A. Cluster Initialization Process

[0095] In one embodiment, a cluster configuration module 202 initializes one or
more cluster node modules 204 in order to provide cluster computing support to one or more
kernel modules 206, as shown in FIG. 4.

[0096] At 402, cluster node modules are launched on the computer cluster 100. In
one embodiment, the cluster node module 204a running on a first processor 112a (for
example, where the user is located) accesses the other processors 112b, 122a-b, 132 on the
computer cluster 100 via the cluster configuration module 208 to launch cluster node
modules 204b-e onto the entire cluster. In an alternative embodiment, the cluster
configuration module 208 searches for processors 112a-b, 122a-b, 132 connected to one
another via communications network 102 and launches cluster node modules 204a-e on each
of the processors 112a-b, 122a-b, 132.

[0097] The cluster node modules 204a-e establish communication with one
another at 404. In one embodiment, each of the cluster node modules 204a-e establish direct
connections using the MPI_Init command with other cluster node modules 204a-e launched
on the computer cluster 100 by the cluster configuration module 208.

[0098] At 406, each cluster node module 204 attempts to connect to a kernel
module 206. In one embodiment, each instance of the cluster node modules 204a-e locates,
launches, and connects with a local kernel module via MathLink connections and/or similar
connection tools, for example, built into the kernel module 206.

[0099] At 408, the cluster node modules 204 that are unconnected to a kernel
module 206 are shut down. In one embodiment, each cluster node module 204 determines
whether the local kernel module cannot be found or connected to. In one embodiment, each
cluster node module 204 reports the failure to connect to a kernel module 206 to the other
cluster node modules on computer cluster 100 and quits.

[0100] Processor identification numbers are assigned to the remaining cluster
node modules 204 at 410. In one embodiment, each remaining cluster node module 204
calculates the total number of active processors (N) and determines identification numbers
describing the remaining subset of active cluster node modules 204a-e and kernel modules
206a-e. This new set of cluster node module-kernel module pairs may be numbered O

through N-1, for example.
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[0101] Message passing support is initialized on the kernel modules 206a-e at
412. In one embodiment, each cluster node module 204 supplies initialization code (for
example, Mathematica initialization code) to the local kernel module 206 to support message
passing.

[0102] Finally, at 414, the cluster node modules 204a-¢ enter a loop to accept user
entry. In one embodiment, a main loop (for example, a cluster operation loop) begins
execution after the cluster node module 204a on the first processor 112a returns to user
control while each of the other cluster node modules 204 waits for messages from all other
cluster node modules 204a-e connected to the network 102.

[0103] The initialization process creates a structure enabling a way for the kernel
modules 206a-e to send messages to one another. In some embodiments, any kernel module
can send data to and receive data from any other kernel module within the cluster when
initialization is complete. The cluster node module creates an illusion that a kernel module is
communicating directly with the other kernel modules. The initialization process can create a
relationship among kernel modules on a computer cluster 100 such as the one shown by way
of example in FIG. 2.

B. Cluster Node Module Operation

[0104] In one embodiment, a cluster node module 204 implements cluster
computing support for a kernel module 206 during a main loop, as shown in FIG. 5.

[0105] At 502, cluster node modules 204 wait for user commands or messages
from other cluster node modules. In one embodiment, the cluster node module 204a
connected to the user interface module 202 waits for a user command, while the other cluster
node modules 204b-e continue checking for messages.

[0106] Once a command or message is received, the method proceeds to 504. At
504, the cluster node module 204a determines whether the message received is a quit
command. If a quit command is received, the cluster node module 204a exits the loop and
proceeds to a cluster node module shut down process at 505. If the message received is not a
quit command, the process continues to 506.

[0107] At 506, received commands are communicated to all cluster node modules
204a-e on the computer cluster 100. In one embodiment, when a user enters a command in

the user interface module 202, the cluster node module 204a connected to the user interface

-37-

Ex.1002 / Page 599 of 616
Intel Corporation et al



module 202 submits the user command to all other cluster node modules 204b-e in the
computer cluster 100. The user commands can be simple (for example, “1+1”), but can also
be entire subroutines and sequences of code (such as, for example, Mathematica code),
including calls to MPI from within the user interface module 202 (for example, the
Mathematica Front End) to perform message passing between kernel modules 206a-e (for
example, Mathematica kernels). These include the fundamental MPI calls, which are
implemented using specially identified messages between a cluster node module 204 and its
local kernel module 206.

[0108] The message (or user command) is communicated to the kernel modules
206a-¢ at 508. In one embodiment, the cluster node module 204a connected to the user
interface module 202 submits the user command to the kernel module 206a to which it is
connected. Each of the other cluster node modules 204b-e, after receiving the message,
submits the command to the respective kernel module 206b-e to which it is connected.

[0109] At 510, a cluster node module 204 receives a result from a kernel module
206. In one embodiment, once the kernel module 206 completes its evaluation, it returns the
kernel module’s output to the cluster node module 204 to which it is connected. Depending
on the nature of the result from the kernel module, the cluster node module 204 can report the
result to a local computer system or pass the result as a message to another cluster node
module 204. For example, the cluster node module 204a running on the first processor 112a
reports the output on its local computer system 110. For example, on the first processor 112a,
cluster node module 204a only directly reports the output of kernel module 206a.

[0110] Messages from other cluster node modules 204 are responded to at 512. In
one embodiment, each cluster node module (for example, the cluster node module 204a)
checks for and responds to messages from other cluster node modules 204b-e and from the
kernel module 206a repeatedly until those are exhausted. In one embodiment, output
messages from the kernel module 206 are forwarded to output on the local computer system.
Messages from other cluster node modules 204 are forwarded to a received message queue
306 (“RMQ”). Data from each entry in the message receiving queue 308 (“MRQ”) is
matched with entries in the RMQ 306 (see, for example, description of the mpilRecv[] call,
above). If found, data from the MRQ 308 are combined into those in the RMQ 306 and

marked as “completed” (see, for example, description of the mpiTest[] call, above). This
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process provides the peer-to-peer behavior of the cluster node modules 204a-e. Via this
mechanism, code running within multiple, simultaneously running kernel modules (for
example, Mathematica kernels) can interact on a pair-wise or collective basis, performing
calculations, processing, or other work on a scale larger and/or faster than one kernel could
have done alone. In this manner, user-entered instructions and data specifying what work will
be done via user commands can be executed more quickly and/or reliably. Once responding
to messages has completed, the process returns to 502.

[0111] In some embodiments, a computer system includes software, such as an
operating system, that divides memory and/or other system resources into a user space, a
kernel space, an application space (for example, a portion of the user space allocated to an
application program), and/or an operating system space (for example, a portion of the user
space allocated to an operating system). In some embodiments, some or all of the cluster
node modules 204a-e are implemented in the application space of a computer system. In
further embodiments, at least some of the cluster node modules 204a-e are implemented in
the operating system space of a computer system. For example, some cluster node modules in
a computer cluster may operate in the application space while others operate in the operating
system space.

[0112] In some embodiments, some or all of the functionality of the cluster node
modules 204a-e is incorporated into or integrated with the operating system. The operating
system can add cluster computing functionality to application programs, for example, by
implementing at least some of the methods, modules, data structures, commands, functions,
and processes discussed herein. Other suitable variations of the techniques described herein
can be employed, as would be recognized by one skilled in the art.

[0113] In some embodiments, the operating system or components of the
operating system can identify and launch the front end 202 and the kernels 206. The
operating system or its components can connect the front end 202 and kernels 206 to one
another in the same manner as a cluster node module 204 would or by a variation of one of
the techniques described previously. The operating system can also be responsible for
maintaining the communications network 102 that connects the modules to one another. In
some embodiments, the operating system implements at least some MPI-style calls, such as,

for example, collective MPI-style calls. In some embodiments, the operating system includes
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an application programming interface (API) library of cluster subroutine calls that is exposed
to application programs. Applications programs can use the API library to assist with
launching and operating the computer cluster.

C. Cluster Shut Down Process

[0114] In one embodiment, a computer cluster 100 includes a procedure to shut
down the system. If the operation process (or main loop) on the cluster node module 204a
connected to the user interface module 202 detects a “Quit” or “Exit” command or otherwise
receives a message from the user indicating a shut down, the sequence to shut down the
cluster node modules 204a-e and the kernel modules 206a-¢ is activated. In one embodiment,
the cluster node module 204a connected to the user interface module 202 sends a quit
message to all other cluster node modules 204b-e. Each cluster node module 204 forwards
the quit command to its local kernel module 206. Once its Mathematica kernel has quit, each
cluster node module 204 proceeds to tear down its communication network with other cluster
node modules (for example, see description of the MPI Finalize command, above). At the
conclusion of the process, each cluster node module 204 exits execution.

V. Example Operation

[0115] For purposes of illustration, sample scenarios are discussed in which the
computer cluster system is used in operation. In these sample scenarios, examples of
Mathematica code are given, and descriptions of how the code would be executed by a
cluster system are provided.

Basic MPI

[0116] Fundamental data available to each node includes the node’s identification
number and total processor count.

In[l]:= {$IdProc, $NProc}

out[l]:= {0, 2}

[0117] The first element should be unique for each processor, while the second is
generally the same for all. Processor O can see what other values are using a collective (see

below) communications call such as mpiGather][].
In[2]:= mpiGather[{$IdProc, $NProc},list,0]; list
out[2]:= {{0, 2}, {1, 2}}
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Peer-to-Peer MPI

[0118] The mpiSend and mpiRecv commands make possible basic message
passing, but one needs to define which processor to target. The following defines a new
variable, targetProc, so that each pair of processors will point to each other.

In[3]:= targetProc=If[l==Mod[$IdProc, 2],$IdProc-1,$IdProc+l]

Oout[3]:=1

[0119] In this example, the even processors target its “right” processor, while the
odd ones point its “left.” For example, if the processors were lined up in a row and numbered
in order, every even-numbered processor would pair with the processor following it in the
line, and every odd-numbered processor would pair with the processor preceding it. Then a
message can be sent:

In[4]:= If [ 1==Mod[ $IdProc , 2],mpiSend[N[Pi,22],targetProc,

mpiCommWorld,d], mpiRecv[a,targetProc,mpiCommWorld,d]]

[0120] The If [] statement causes the processors to evaluate different code: the
odd processor sends 22 digits of Pi, while the even receives that message. Note that these
MPI calls return nothing. The received message is in the variable a:

In[5]:= a

Out[5]:= 3.1415926535897932384626

In[6é]:= Clear[a]

[0121] The variable a on the odd processors would have no definition. Moreover,
if $NProc is 8, processor 3 sent Pi to processor 2, processor 5 sent Pi to processor 4, and so
on. These messages were not sent through processor 0, but they communicated on their own.

[0122] The mpilSend and mpilRecv commands have a letter “I” to indicate
asynchronous behavior, making it possible to do other work while messages are being sent
and received, or if the other processor is busy. So, the above example could be done
asynchronously:

In[7]:= If[l==Mod[$IdProc, 2],mpiISend[N[Pi,22],targetProc,

mpiCommWorld,d,el,
mpiIRecv([a,targetProc, mpiCommWorld, d, el ]

[0123] The variable e has important data identifying the message, and mpiTest[e]
can return True before the expressions are to be accessed. At this point, many other

evaluations can be performed. Then, one can check using mpiTest when the data is needed:

41-

Ex.1002 / Page 603 of 616
Intel Corporation et al



In[29] := mpiTest[e]

Oout[29] := True

In[30]:= a

Out[30]:= 3.1415926535897932384626

In[31] := Clear[a,e]

[0124] The mpiWait[e] command could have also have been used, which does not
return until mpiTest[e] returns True. The power of using these peer-to-peer calls is that it
becomes possible to construct any message-passing pattern for any problem.

Collective MPI

[0125] In some cases, such explicit control is not required and a commonly used
communication pattern is sufficient. Suppose processor O has an expression in b that all
processors are meant to have. A broadcast MPI call would do:

In[8]:= mpiBcast[b, 0, mpiCommWorld]

[0126] The second argument specifies which processor is the “root” of this
broadcast; all others have their » overwritten. To collect values from all processors, use
mpiGatherD:

In[9]:= mpiGather[b, ¢, 0, mpiCommWorld]

[0127] The variable ¢ of processor O is written with a list of all the b of all the
processors in mpiCommWorld. The temporal opposite is mpiScatter:

In[10]:= Clear[bl; a = {2, 4, 5, 6}; mpiScatterla, b, 0,

mpiCommWorld]; b

Oout[l1l0]:= {2, 4}

[0128] The mpiScatter command cuts up the variable a into even pieces (when
possible) and scatters them to the processors. This is the result if $NProc = 2, but if $NProc =
4, b would only have {2}.

[0129] MPI provides reduction operations to perform simple computations mixed
with messaging. Consider the following:

In[ll]:= a = {{2 + $IdProc, 45[],3,{l + $IdProc, $NProc[][];

mpiReduce [a,d,mpiSum, O,mpiCommWorld ]

In[l2]:=d

out[l2]:= {{5, 90}, 6, {3, 4}}
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[0130] The mpiSum constant indicates that variable a of every processor will be
summed. In this case, $NProc is 2, so those elements that were not identical result in odd
sums, while those that were the same are even.

[0131] Most of these calls have default values if not all are specified. For example
each of the following calls will have the equivalent effect as the above mpiGather[] call:

mpiGather([b, c, 0]

mpiGather[b, c]

c = mpiGather[b]

High-Level Calls

[0132] High-level calls can include convenient parallel versions of commonly
used application program calls (for example, Mathematica calls). For example,
Parallel Table[] is like Table[], except that the evaluations are automatically performed in a
distributed manner:

In[13]:= ParallelTable[i, {i,100},0]

out[13]:= {1,2,3,4,5, ¢+ ,99,100}

[0133] The third argument specifies that the answers are collated back to
processor 0. This is a useful, simple way to parallelize many calls to a complex function. One
could define a complicated function and evaluate it over a large range of inputs:

In[l4]:= glx_ ] := Gamma[2 + 0.5*(x-1)];

ParallelTable[g[i]l, {i,100},0]
Oout[1l4]:= {1, 1.32934, 2., 3.32335, 6., 11.6317, 24., 52.3428,
120., 287.885, 720}

[0134] ParallelFunctionToList[] also provides a simplified way to perform this

form of parallelism.

Operations with Non-Trivial Communication

Matrix Operations
[0135] In some embodiments, one or more functions can help solve matrix

calculations in parallel:

In[15]:= a = Table[i+ 3* $IdProc + 2 Jj, {i, 2}, {J,4}]
out[15]1:= {{3, 5, 7, 9}, {4, 6, 8, 10}}
In[l6]:= t = ParallelTranspose[a]

out[le]:= {{3, 4, 6, 7}, {5, 6, 8, 9}}
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Fourier Transforms

[0136] A Fourier transform of a large array can be solved faster in parallel, or
made possible on a cluster because it can all be held in memory. A two-dimensional Fourier
transform of the above example follows:

In[l7]:= £ = ParallelFourier [a]

Oout[1l7]:= {{32. + 0. I, -4. - 4. I, -4., -4. + 4. 1}, {-3. -

3. I, 0. + 0. I, 0., 0. + O. I}}

Edge Cell Management

[0137] Many problems require interactions between partitions, but only on the
edge elements. Maintaining these edges can be performed using EdgeCell[].

In[18]:= a = {2, 4, 5, 6, 7}+8*$IdProc

outf[l8]:= {2, 4, 5, 6, 7}

In[19]:= EdgeCell[al; a

Oout[19]:= {14, 4, 5, 6, 12}
Flement Management

[0138] In particle-based problems, items can drift through space, sometimes

outside the partition of a particular processor. This can be solved with ElementManage][l:

In[20]:= 1list={{0,4},{1,3},{1,4},{0,5}}; fen[x ]:=x[[1]]
In[21]:= ElementManage[list, fcn]

out[21]:= {{0, 4}, {0, 5}, {0, 4}, {0, 5}}

In[21]:= ElementManage[list, 2]

Outf[21l]:= {{0, 4}, {0, 5}, {0, 4}, {0, 5}}

[0139] The second argument of ElementManage describes how to test elements of
a list. The fcm identifier returns which processor is the “home” of that element. Passing an
integer assumes that each element is itself a list, whose first element is a number ranging
from O to the passed argument.

[0140] While the examples above involve Mathematica software and specific
embodiments of MPI calls and cluster commands, it is recognized that these embodiments
are used only to illustrate features of various embodiments of the systems and methods.

VL Additional Embodiments

[0141] Although cluster computing techniques, modules, calls, and functions are

disclosed with reference to certain embodiments, the disclosure is not intended to be limited
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thereby. Rather, a skilled artisan will recognize from the disclosure herein a wide number of
alternatives for the exact selection of cluster calls, functions, and management systems. For
example, single-node kernels can be managed using a variety of management tools and/or
can be managed manually by a user, as described herein. As another example, a cluster node
module can contain additional calls and procedures, including calls and procedures unrelated
to cluster computing, that are not disclosed herein.

[0142] Other embodiments will be apparent to those of ordinary skill in the art
from the disclosure herein. Moreover, the described embodiments have been presented by
way of example only, and are not intended to limit the scope of the disclosure. Indeed, the
novel methods and systems described herein can be embodied in a variety of other forms
without departing from the spirit thereof. Accordingly, other combinations, omissions,
substitutions and modifications will be apparent to the skilled artisan in view of the
disclosure herein. Thus, the present disclosure is not intended to be limited by the disclosed
embodiments, but is to be defined by reference to the appended claims. The accompanying
claims and their equivalents are intended to cover forms or modifications as would fall within

the scope and spirit of the inventions.
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WHAT IS CLAIMED IS:

1. A computer cluster comprising;

a first processor;

a second processor;

a third processor;

at least one computer-readable medium in communication at least one of the
first processor, the second processor, or the third processor;

a first kernel residing in the at least one computer-readable medium, said first
kernel configured to translate commands into code for execution on the first
processor;

a first cluster node module residing in the at least one computer-readable
medium, said first cluster node module configured to send commands to the first
kernel and receives commands from a user interface;

a second kernel residing in the at least one computer-readable medium, said
second kernel configured to translate commands into code for execution on the
second processor;

a second cluster node module residing in the at least one computer-readable
medium, said second cluster node module configured to send commands to the
second kernel and communicates with the first cluster node module;

a third kernel residing in the at least one computer-readable medium, said
third kernel configured to translate commands into code for execution on the third
processor; and

a third cluster node module residing in the at least one computer-readable
medium, said third cluster node module configured to send commands to the third
kernel and configured to communicate with the first cluster node module and the
second cluster node module;

wherein the first cluster node module comprises a data structure in which

messages originating from the second and third cluster node modules are stored.
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ABSTRACT
In some embodiments, a computer cluster system comprises a plurality of nodes and a
software package comprising a user interface and a kernel for interpreting program code
instructions. In certain embodiments, a cluster node module is configured to communicate
with the kernel and other cluster node modules. The cluster node module can accept
instructions from the user interface and can interpret at least some of the instructions such
that several cluster node modules in communication with one another and with a kernel can

act as a computer cluster.

35166502
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