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Appilication runtime determined dynamical allocation

of heterogeneous compute resources

The present invention relates to a mechanism for executing computation tasks within a
computation environment, in particular a heterogeneous computation environment

adapted for parallel processing of a computation task.

The present invention is a development of the system described in earlier application WO
2012/049247 A1, WO 247, which describes a cluster computer architecture comprising a
plurality of computation nodes and a plurality of boosters connected together via a
communication interface. A resource manager is responsibie for assigning one or more of
the boosters and the computation nodes to each other in a dynamic manner during
runtime. An example for such dynamic process management is described in Clauss et al.
“Dynamic Process Management with Allocation-internal Co-Scheduling towards
Interactive Supercomputing”, COSH 2016 Jan 19, Prague, CZ, incorporated herein by
reference for all purposes.

The arrangement of WO '247 is further described by Eicker et al. in "The DEEP Project An
alternative approach to heterogeneous cluster-computing in the many core era”,
Concurrency Computat.: Pract. Exper. 2016; 28:2394-2411. The hetercgeneous system
which is described comprises a plurality of computation nodes and a plurality of booster
nodes connected by a switchable network. In order to process an application, the
application is “taskified" in order fo provide an indication which tasks may be off-loaded
from a computation node to a booster. This taskifying is achieved by the application
developer annotating the code with pragmas indicating dependencies between different
tasks and in addition labels indicating the highly scalable code parts which are to be
processed by a booster. Scalability in this context means when the load offered to the
service increases, an incremental and linear increase in hardware can maintain the same

per-user level of service.

US 2017/0262319 A1 describes in one aspect runtime processes that can fully or partially
automate the distribution of data and mapping of tasks to computing resources. A so-
called tuning expert, i.e. a human operator, may still be required for mapping actions to
available resources. In essence it is described how a given application to be computed

can be mapped on a given computing hierarchy.
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The present invention provides a method of operating a heterogeneous computing system
comprising a plurality of computation nodes and a plurality of booster nodes, at least one
of the plurality of computation nodes and plurality of booster nodes being arranged to
compute a computation task, the computation task comprising a plurality of sub-tasks,
wherein in a first computing iteration, the plurality of sub-tasks are assigned to and
processed by ones of the plurality of computation nodes and booster nodes in a first
distribution; using information relating to the processing of the plurality of sub-tasks by the
plurality of computation nodes and booster nodes to generate further distribution of the
sub-tasks between the computation nodes and booster nodes for processing thereby in

further computing iteration.

Preferably, the information is provided by respective daemons operating in each of the
computation and booster nodes. The information provided allows an application manager
to determine if the distribution of sub-tasks between computation nodes and booster

nodes can be adapied or improved upon for a further computing iteration.

A resource manager may determine the assignment of tasks and sub-tasks to the
computation nodes and booster nodes for the first iteration as a function of the
computation task and further parameters. The application manager processes the
information as input to the resource manager such that the resource manager dynamically

alters further distributions during the computing of the computation task.

In a further aspect of the invention, the resource manager, based on the information
dynamically alters assignment of the computation nodes and booster nodes to each other

during the computation of the computation task.

The initial distribution may also be determined by the application manager using
information provided by a user of the system in programming code compiled for execution
by the system. Alternatively, the application manager may be so arranged to generate
such a distribution based on an analysis of the sub-task coding.

In a further aspect, the invention provides a heterogeneous computing system comprising
a plurality of computation nodes and a plurality of booster nodes for computing one or
more tasks comprising multiple sub-tasks, a communication interface connecting the
computation nodes with each other and the booster nodes, wherein the system comprises
a resource manager for assigning booster nodes and computation nodes to each other for
the computing of the tasks and wherein the system further comprises an application

-2.
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manager, the application manager being arranged to receive information from daemons
operating in the computation nodes and booster nodes o update a distribution of the sub-
tasks between the computation nodes and the booster nodes between a first computing

iteration and a further computing iteration.

In still a further aspect of the invention, the resource manager receives the information
such that the rescurce manager dynamically alters assignment of the computation nodes
and booster nodes to each other during the computation of the computation task.
Preferred embodiments of the invention wiil now be described, by way of example only,

with reference to the accompanying drawings in which:

Fig. 1 shows a schematic diagram of a cluster computer system incorporating the

invention.

Referring to Fig. 1, there is shown a schematic representation of a cluster computer
system 10 incorporating the invention. The system 10 comprises a number of computation
nodes 20 and a number of booster nodes 22. The computation nodes 20 and the booster
nodes are connected via a communication infrastructure 24, with the booster nodes being
connected to the communication interface via a booster interface 23. Each of the
computation nodes 20 and the booster nodes 22 is represented schematically by a
rectangle and each of these nodes in operation incorporates at least one of a respective
daemon 26a and 26b, schematically illustrated by a square within the rectangle of the
respective node. A daemon of the present invention is an application which runs as a
background process and is capable of providing the information as used herein. Clauss et
al. “Dynamic Process Management with Allocation-internal Co-Scheduling towards
Interactive Supercomputing”, COSH 2016 Jan 19, Prague, CZ, disclose daemons as
addressed herein, and the contenis of this paper are incorporated herein by reference for

all purposes.

The system 10 also includes a resource manager 28 shown connected to the
communication infrastructure 24 and an application manager 30. Each of the resource

manager 28 and the application manager 30 includes a respective daemon 32 and 34.

The computation nodes 20 may be identical to one another or may have differing
characteristics. Each computation node incorporates one or more multi-core processors
such as the Intel XeonE5-2680 processor. The nodes are connected together by means of

a communication interface which may be based on a Mellanox InfiniBand ConnectX fabric

-3-
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capable of transferring data at a rate of many Gbit/s. The computation nodes interface via
the communication interface to the plurality of booster nodes, ideally through a series of
booster interfaces 40. As shown, the booster nodes host at least one accelerator-type
processor, for example an Intel Xeon Phi many core processor, capable of autonomously
booting and running its own operating system. Such technology is described in
Concurrency Computat.: Pract. Exper. 2016; 28:2394-2411 referred to above.

Further, the system 10 may include a modular computing abstraction layer as described in
unpublished application PCT/EP2017/075375, incorporated herein by reference for all
purposes, for enabling communication between the daemons and the application

manager.

A job to be computed by the system may comprise a number of tasks some of which or all
may be repeated a number of times during the execution of the job. For exampie the job
may be a "Monte-Carlo” based simulation where an effect is modelled using a random

number, the calculations being repeated many times in succession.

The tasks may comprise a number of sub-tasks or kernels. Each of these sub-tasks may
be more or less suitable for processing by one or more of the computation nodes or one
or more of the boosters. In particular, the scalability of the sub-task may indicate whether
it is more appropriate for the sub-task to be procsessed by a computation node or a
booster. The system is flexible in all directions, also permitting joint processing of sub-
tasks by all nodes addressed herein, as well as reshuffling of processing between the

nodes.

If a task is computed with a first division of sub-tasks between a computation node and a
booster, it is possible that such a division is not an optimal division for the computation of
the task. Cerlain sub-tasks which were assighed to a booster on the first iteration might in
fact not be suitable for processing by the booster such that a processing of the sub-tasks
by a computation node rather than a booster might optimize the computation of the task
as a whole. Accordingly, for a second and possible further iterations, if needed, of the task
with an altered second and/or further sub-task distribution might improve the efficiency of

the computation of the fask.

Accordingly, the system 10 includes a mechanism whereby each of the computation
nodes and the cluster nodes are arranged such that daemons 26a, 26b and 32 feed back
information to the daemon 34 relating to the processing of sub-tasks and a current state of

-4 -
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the respective processing entity. The daemon 34 uses the information provided by the
daemons 26a, 26b and 32 to determine whether the distribution of sub-tasks to
computation nodes and boosters could be adjusted to optimize or adapt the computation
of the task for a subsequent iteration. The resource manager can also reassign
computation nodes and boosters to each other, in addition 1o the adjusted distribution of
tasks.

A job including a task in which an operator has estimated a scalability factor for each sub-
task is input into the system. This task is compiled and the compiled code is executed. In
the execution, a task is analyzed by the application manager and sub-tasks of the task are
divided into computation node suitable sub-tasks and booster suitable sub-tasks and this
information is passed to the resource manager for assignment of boosters to computation
nodes. During a first iteration of the task, the resulis of the execution of the sub-tasks are
coliected iogether with the information from the daemons concerning the processing of the
sub-tasks and the status of the nodes. The application manager then performs a
reassignment of the sub-tasks for a subsequent iteration of the task and passes this
updated assignment information o the resource manager which may also adjust the

assignment of boosters to nodes accordingly.

For each iteration, the daemons operating in the computation nodes and the boosters
report status information to the application manager and the resource manager enabling
the calculation of subsequent iterations to be optimized by a further adjustments to the
aliocation of sub-tasks to computation nodes and boosters.

While the above procedure has been described incorporating a taskifying step in which an
initial scalability factor may be inputted by the program coder, it is also possible for the
application manager to automatically set an initial scalability factor for the sub-tasks, with
subsequent iterations improving on this initial setting. Such an arrangement has the
benefit that coding of the tasks is made more straightforward, thereby enabling an
improved usability of the system to program coders unfamiliar with cluster computing

applications.

As well as adjusting the distribution of sub-tasks between computation nodes and
boosters based on a scalability of the sub-task, the distribution may also be influenced by
information learned about the processing of the sub-task and any need to call further sub-
tasks during the processing. If a first sub-task being handled by a booster requires input
from a second sub-task not being handled by the booster, this may lead to an interruption

-5-
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in the processing of the first sub-task. Accordingly, the daemon at the booster handling
the first sub-task can report this situation to the application manager such that in a further
iteration both the first and second sub-tasks are handled by the booster. Accordingly, the
application manager is arranged using the information provided by the daesmons operating
in the computation ncdes and the boosters to adjust groupings of sub-tasks for

assignment to the computation ncdes and boosters.

While the computation nodes in Fig. 1 have been given the same reference numeral, as
have the booster nodes, this does not imply that all the computation nodes are identical to
each other and all the booster nodes are also identical to each other. The system 10 may
have computation nodes and/or booster nodes added to the system which differ in
characteristics from the other computation/booster nodes. Accordingly, particular ones of
the computation nodes and /or booster nodes may be particularly suited to processing
particular sub-tasks. The application manager takes this structural information into
account and passes such assignment information to the resource manager to ensure that
the sub-tasks are distributed in an optimum manner.

An important aspect of the invention comes with the recognition that a mapping, tailoring
of computation tasks, and sub-tasks onto a computer hierarchy may not provide sufficient
use of the inherent flexibility and adaptability of the computer architecture, as shown as an
example according to WO 2012/049247 A1. Therefor, the present invention integrates
tailoring the application task most sufficiently, as an example according to WO
2017/0262319 A1, as well as configuring dynamically the computation nodes and booster
nodes to each other, and eventually dynamically rearranging the mapping of the
computation tasks during runtime, based on the information provided by Daemons about
the efficiency of the execution o the computation task, and dynamically reassigning the
computation nodes and computation boosters to each other.
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CLAIMS

1. A method of operating a heterogeneous computing system comprising a plurality
of computation nodes and a plurality of booster nodes, at least one of the plurality of
computation nodes and plurality of booster nodes being arranged to compute a
computation task, the computation task comprising a plurality of sub-tasks, wherein

in a first computing iteration, the plurality of sub-tasks are assigned to and
processed by ones of the plurality of computation nodes and booster nodes in a first
distribution; and

information relating to the processing of the plurality of sub-tasks by the plurality of
computation nodes and booster nodes is used to generate a further distribution of the sub-
tasks between the computation nodes and booster node for processing thereby in a

further computing iteration.

2. The method according to claim 1, wherein an application manager receives the
information and determines the further distribution.

3. The method according to claim 2, wherein a resource manager determines the
assignment of tasks and sub-tasks to the computation nodes and booster nodes for the
first iteration as a function of the computation task and wherein the application manager
receives the information and processes it as input to the resource manager such that the
resource manager dynamically aiters further distribution during the computing of the

computation task.

4. The method according to any one of the preceding claims, wherein the resource
manager receives the information such that the resource manager dynamically alters
assignment of the computation nodes and booster nodes to each other during the

computation of the computation task.

5. The method according to claim 1 or claim 2, wherein daemons operate in the

computation nodes and the booster nodes to generate the information.

6. The method according to any preceding claim, wherein the first distribution is

determined based on a rating provided in source code for each sub-task.

7. The method according to any preceding claim, wherein the information is used to

provide a grouping of sub-tasks in at least one of the first and second iterations.

-7
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8. The method according to claim 3, wherein a daemon operating at a node
generates a measure of a loading of the node during processing of a sub-task.

9. A heterogenecus computing system comprising a plurality of computation nodes
and a plurality of booster nodes for computing one or more tasks comprising muitiple sub-
tasks, a communication interface connecting the computation nodes with each other and
the booster nodes, wherein the system comprises a resource manager for assigning
booster nodes and computation nodes to each other for the computing of the tasks and
wherein the system further comprises an application manager, the application manager
being arranged to receive information from daemons operating in the computation nodes
and booster nodes to update a distribution of the sub-tasks between the computation

nodes and the booster nodes for a further computing iteration.

10. The computing system according to claim 9, wherein the resource manager receives
the information such that the resource manager dynamically alters assignment of the
computation nodes and booster nodes {o each other.
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ABSTRACT

The present invention provides a method of operating a heterogeneous computing system
comprising a plurality of computation nodes and a plurality of booster nodes, at least one
of the plurality of computation nodes and plurality of booster nodes being arranged to
compute a computation task, the computation task comprising a plurality of sub-tasks,
wherein in a first computing iteration, the plurality of sub-tasks are assigned to and
processed by ones of the plurality of computation nodes and booster nodes in a first
distribution; and information relating to the processing of the plurality of sub-tasks by the
plurality of computation nodes and booster nodes is used to generate a further distribution
of the sub-tasks between the computation nodes and booster node for processing thereby
in a further computing iteration.

Fig. 1
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Application runtime determined dynamical allocation
of heterogeneous compute resources

The present invention relates to a mechanism for executing computation tasks within a
computation environment, in particular a heterogeneous computation environment

adapted for parallel processing of a computation task.

The present invention is a development of the system described in earlier application WO
2012/049247 A1, WO 247, which describes a cluster computer architecture comprising a
plurality of computation nodes and a plurality of boosters connected together via a
communication interface. A resource manager is responsible for assigning one or more of
the boosters and the computation nodes to each other in a dynamic manner during
runtime. An example for such dynamic process management is described in Clauss et al.
“Dynamic Process Management with Allocation-internal Co-Scheduling towards
Interactive Supercomputing”, COSH 2016 Jan 19, Prague, CZ, incorporated herein by
reference for all purposes. While the arrangement of WO 247 provides a flexible
arrangement for assigning boosters to computation nodes, it does not address how to

distribute tasks between computation nodes and boosters.

The arrangement of WO '247 is further described by Eicker et al. in "The DEEP Project An
alternative approach to heterogeneous cluster-computing in the many core era”,
Concurrency Computat.: Pract. Exper. 2016; 28:2394-2411. The heterogeneous system
which is described comprises a plurality of computation nodes and a plurality of booster
nodes connected by a switchable network. In order to process an application, the
application is "taskified" in order to provide an indication which tasks may be off-loaded
from a computation node to a booster. This taskifying is achieved by the application
developer annotating the code with pragmas indicating dependencies between different
tasks and in addition labels indicating the highly scalable code parts which are to be
processed by a booster. Scalability in this context means when the load offered to the
service increases, an incremental and linear increase in hardware can maintain the same

per-user level of service.

US 2017/0262319 A1 describes in one aspect runtime processes that can fully or partially
automate the distribution of data and mapping of tasks to computing resources. A so-
called tuning expert, i.e. a human operator, may still be required for mapping actions to
available resources. In essence it is described how a given application to be computed
can be mapped on a given computing hierarchy.
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The present invention provides a method of operating a heterogeneous computing system
comprising a plurality of computation nodes and a plurality of booster nodes, at least one
of the plurality of computation nodes and plurality of booster nodes being arranged to
compute a computation task, the computation task comprising a plurality of sub-tasks,
wherein in a first computing iteration, the plurality of sub-tasks are assigned to and
processed by ones of the plurality of computation nodes and booster nodes in a first
distribution; using information relating to the processing of the plurality of sub-tasks by the
plurality of computation nodes and booster nodes to generate a further distribution of the
sub-tasks between the computation nodes and booster nodes for processing thereby in a

further computing iteration.

Preferably, the information is provided by respective daemons operating in each of the
computation and booster nodes. The information provided allows an application manager
to determine if the distribution of sub-tasks between computation nodes and booster
nodes can be adapted or improved upon for a further computing iteration.

A resource manager may determine the assignment of tasks and sub-tasks to the
computation nodes and booster nodes for the first iteration as a function of the
computation task and further parameters. The application manager processes the
information as input to the resource manager such that the resource manager dynamically

alters further distributions during the computing of the computation task.

In a further aspect of the invention, the resource manager, based on the information
dynamically alters assignment of the computation nodes and booster nodes to each other
during the computation of the computation task.

The initial distribution may also be determined by the application manager using
information provided by a user of the system in programming code compiled for execution
by the system. Alternatively, the application manager may be so arranged to generate

such a distribution based on an analysis of the sub-task coding.

In a further aspect, the invention provides a heterogeneous computing system comprising
a plurality of computation nodes and a plurality of booster nodes for computing one or
more tasks comprising multiple sub-tasks, a communication interface connecting the
computation nodes with each other and the booster nodes, wherein the system comprises
a resource manager for assigning booster nodes and computation nodes to each other for
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the computing of the tasks and wherein the system further comprises an application
manager, the application manager being arranged to receive information from daemons
operating in the computation nodes and booster nodes to update a distribution of the sub-
tasks between the computation nodes and the booster nodes between a first computing

iteration and a further computing iteration.

In still a further aspect of the invention, the resource manager receives the information
such that the resource manager dynamically alters assignment of the computation nodes
and booster nodes to each other during the computation of the computation task.
Preferred embodiments of the invention will now be described, by way of example only,

with reference to the accompanying drawings in which:

Fig. 1 shows a schematic diagram of a cluster computer system incorporating the

invention.

Referring to Fig. 1, there is shown a schematic representation of a cluster computer
system 10 incorporating the invention. The system 10 comprises a number of computation
nodes 20 and a number of booster nodes 22. The computation nodes 20 and the booster
nodes are connected via a communication infrastructure 24, with the booster nodes being
connected to the communication interface via a booster interface 23. Each of the
computation nodes 20 and the booster nodes 22 is represented schematically by a
rectangle and each of these nodes in operation incorporates at least one of a respective
daemon 26a and 26b, schematically illustrated by a square within the rectangle of the
respective node. A daemon of the present invention is an application which runs as a
background process and is capable of providing the information as used herein. Clauss et
al. “Dynamic Process Management with Allocation-internal Co-Scheduling towards
Interactive Supercomputing”, COSH 2016 Jan 19, Prague, CZ, disclose daemons as
addressed herein, and the contents of this paper are incorporated herein by reference for

all purposes.

The system 10 also includes a resource manager 28 shown connected to the
communication infrastructure 24 and an application manager 30. Each of the resource

manager 28 and the application manager 30 includes a respective daemon 32 and 34.

The computation nodes 20 may be identical to one another or may have differing
characteristics. Each computation node incorporates one or more multi-core processors

such as the Intel XeonE5-2680 processor. The nodes are connected together by means of
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a communication interface which may be based on a Mellanox InfiniBand ConnectX fabric
capable of transferring data at a rate of many Gbit/s. The computation nodes interface via
the communication interface to the plurality of booster nodes, ideally through a series of
booster interfaces 40. As shown, the booster nodes host at least one accelerator-type
processor, for example an Intel Xeon Phi many core processor, capable of autonomously
booting and running its own operating system. Such technology is described in
Concurrency Computat.: Pract. Exper. 2016; 28:2394-2411 referred to above.

Further, the system 10 may include a modular computing abstraction layer as described in
unpublished application PCT/EP2017/075375, incorporated herein by reference for all
purposes, for enabling communication between the daemons and the application

manager.

A job to be computed by the system may comprise a number of tasks some of which or all
may be repeated a number of times during the execution of the job. For example the job
may be a "Monte-Carlo" based simulation where an effect is modelled using a random

number, the calculations being repeated many times in succession.

The tasks may comprise a number of sub-tasks or kernels. Each of these sub-tasks may
be more or less suitable for processing by one or more of the computation nodes or one
or more of the boosters. In particular, the scalability of the sub-task may indicate whether
it is more appropriate for the sub-task to be processed by a computation node or a
booster. The system is flexible in all directions, also permitting joint processing of sub-
tasks by all nodes addressed herein, as well as reshuffling of processing between the

nodes.

If a task is computed with a first division of sub-tasks between a computation node and a
booster, it is possible that such a division is not an optimal division for the computation of
the task. Certain sub-tasks which were assigned to a booster on the first iteration might in
fact not be suitable for processing by the booster such that a processing of the sub-tasks
by a computation node rather than a booster might optimize the computation of the task
as a whole. Accordingly, for a second and possible further iterations, if needed, of the task
with an altered second and/or further sub-task distribution might improve the efficiency of

the computation of the task.

Accordingly, the system 10 includes a mechanism whereby each of the computation
nodes and the cluster nodes are arranged such that daemons 26a, 26b and 32 feed back
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information to the daemon 34 relating to the processing of sub-tasks and a current state of
the respective processing entity. The daemon 34 uses the information provided by the
daemons 26a, 26b and 32 to determine whether the distribution of sub-tasks to
computation nodes and boosters could be adjusted to optimize or adapt the computation
of the task for a subsequent iteration. The resource manager can also reassign
computation nodes and boosters to each other, in addition to the adjusted distribution of

tasks.

A job including a task in which an operator has estimated a scalability factor for each sub-
task is input into the system. This task is compiled and the compiled code is executed. In
the execution, a task is analyzed by the application manager and sub-tasks of the task are
divided into computation node suitable sub-tasks and booster suitable sub-tasks and this
information is passed to the resource manager for assignment of boosters to computation
nodes. During a first iteration of the task, the results of the execution of the sub-tasks are
collected together with the information from the daemons concerning the processing of the
sub-tasks and the status of the nodes. The application manager then performs a
reassignment of the sub-tasks for a subsequent iteration of the task and passes this
updated assignment information to the resource manager which may also adjust the

assignment of boosters to nodes accordingly.

For each iteration, the daemons operating in the computation nodes and the boosters
report status information to the application manager and the resource manager enabling
the calculation of subsequent iterations to be optimized by a further adjustments to the

allocation of sub-tasks to computation nodes and boosters.

While the above procedure has been described incorporating a taskifying step in which an
initial scalability factor may be inputted by the program coder, it is also possible for the
application manager to automatically set an initial scalability factor for the sub-tasks, with
subsequent iterations improving on this initial setting. Such an arrangement has the
benefit that coding of the tasks is made more straightforward, thereby enabling an
improved usability of the system to program coders unfamiliar with cluster computing

applications.

As well as adjusting the distribution of sub-tasks between computation nodes and
boosters based on a scalability of the sub-task, the distribution may also be influenced by
information learned about the processing of the sub-task and any need to call further sub-
tasks during the processing. If a first sub-task being handled by a booster requires input
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from a second sub-task not being handled by the booster, this may lead to an interruption
in the processing of the first sub-task. Accordingly, the daemon at the booster handling
the first sub-task can report this situation to the application manager such that in a further
iteration both the first and second sub-tasks are handled by the booster. Accordingly, the
application manager is arranged using the information provided by the daemons operating
in the computation nodes and the boosters to adjust groupings of sub-tasks for

assignment to the computation nodes and boosters.

While the computation nodes in Fig. 1 have been given the same reference numeral, as
have the booster nodes, this does not imply that all the computation nodes are identical to
each other and all the booster nodes are also identical to each other. The system 10 may
have computation nodes and/or booster nodes added to the system which differ in
characteristics from the other computation/booster nodes. Accordingly, particular ones of
the computation nodes and /or booster nodes may be particularly suited to processing
particular sub-tasks. The application manager takes this structural information into
account and passes such assignment information to the resource manager to ensure that

the sub-tasks are distributed in an optimum manner.

An important aspect of the invention comes with the recognition that a mapping, tailoring
of computation tasks, and sub-tasks onto a computer hierarchy may not provide sufficient
use of the inherent flexibility and adaptability of the computer architecture, as shown as an
example according to WO 2012/049247 A1. Therefore, the present invention integrates
tailoring the application task most sufficiently, as an example according to WO
2017/0262319 A1, as well as configuring dynamically the computation nodes and booster
nodes to each other, and eventually dynamically rearranging the mapping of the
computation tasks during runtime, based on the information provided by daemons about
the efficiency of the execution o the computation task, and dynamically reassigning the

computation nodes and computation boosters to each other.
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CLAIMS

1. A method of operating a heterogeneous computing system comprising a plurality
of computation nodes and a plurality of booster nodes, at least one of the plurality of
computation nodes and plurality of booster nodes being arranged to compute a
computation task, the computation task comprising a plurality of sub-tasks, wherein

in a first computing iteration, the plurality of sub-tasks are assigned to and
processed by ones of the plurality of computation nodes and booster nodes in a first
distribution; and

information relating to the processing of the plurality of sub-tasks by the plurality of
computation nodes and booster nodes is used to generate a further distribution of the sub-
tasks between the computation nodes and booster node for processing thereby in a

further computing iteration.

2. The method according to claim 1, wherein an application manager receives the
information and determines the further distribution.

3. The method according to claim 2, wherein a resource manager determines the
assignment of tasks and sub-tasks to the computation nodes and booster nodes for the
first iteration as a function of the computation task and wherein the application manager
receives the information and processes it as input to the resource manager such that the
resource manager dynamically alters further distribution during the computing of the

computation task.

4. The method according to any one of the preceding claims, wherein the resource
manager receives the information such that the resource manager dynamically alters
assignment of the computation nodes and booster nodes to each other during the

computation of the computation task.

5. The method according to claim 1 or claim 2, wherein daemons operate in the

computation nodes and the booster nodes to generate the information.

6. The method according to any preceding claim, wherein the first distribution is

determined based on a rating provided in source code for each sub-task.

7. The method according to any preceding claim, wherein the information is used to
provide a grouping of sub-tasks in at least one of the first and second iterations.

-7-
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8. The method according to claim 3, wherein a daemon operating at a node

generates a measure of a loading of the node during processing of a sub-task.

9. A heterogeneous computing system comprising a plurality of computation nodes
and a plurality of booster nodes for computing one or more tasks comprising multiple sub-
tasks, a communication interface connecting the computation nodes with each other and
the booster nodes, wherein the system comprises a resource manager for assigning
booster nodes and computation nodes to each other for the computing of the tasks and
wherein the system further comprises an application manager, the application manager
being arranged to receive information from daemons operating in the computation nodes
and booster nodes to update a distribution of the sub-tasks between the computation
nodes and the booster nodes for a further computing iteration.

10. The computing system according to claim 9, wherein the resource manager receives
the information such that the resource manager dynamically alters assignment of the

computation nodes and booster nodes to each other.
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Application runtime determined dynamical allocation
of heterogeneous compute resources

The present invention relates to a mechanism for executing computation tasks within a
computation environment, in particular a heterogeneous computation environment

adapted for parallel processing of a computation task.

The present invention is a development of the system described in earlier application WO
2012/049247 A1, WO 247, which describes a cluster computer architecture comprising a
plurality of computation nodes and a plurality of boosters connected together via a
communication interface. A resource manager is responsible for assigning one or more of
the boosters and the computation nodes to each other in a dynamic manner during
runtime. An example for such dynamic process management is described in Clauss et al.
“Dynamic Process Management with Allocation-internal Co-Scheduling towards
Interactive Supercomputing”, COSH 2016 Jan 19, Prague, CZ, incorporated herein by
reference for all purposes. While the arrangement of WO 247 provides a flexible
arrangement for assigning boosters to computation nodes, it does not address how to

distribute tasks between computation nodes and boosters.

The arrangement of WO '247 is further described by Eicker et al. in "The DEEP Project An
alternative approach to heterogeneous cluster-computing in the many core era”,
Concurrency Computat.: Pract. Exper. 2016; 28:2394-2411. The heterogeneous system
which is described comprises a plurality of computation nodes and a plurality of booster
nodes connected by a switchable network. In order to process an application, the
application is "taskified" in order to provide an indication which tasks may be off-loaded
from a computation node to a booster. This taskifying is achieved by the application
developer annotating the code with pragmas indicating dependencies between different
tasks and in addition labels indicating the highly scalable code parts which are to be
processed by a booster. Scalability in this context means when the load offered to the
service increases, an incremental and linear increase in hardware can maintain the same

per-user level of service.

US 2017/0262319 A1 describes in one aspect runtime processes that can fully or partially
automate the distribution of data and mapping of tasks to computing resources. A so-
called tuning expert, i.e. a human operator, may still be required for mapping actions to
available resources. In essence it is described how a given application to be computed
can be mapped on a given computing hierarchy.

-1-
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The present invention provides a method of operating a heterogeneous computing system
comprising a plurality of computation nodes and a plurality of booster nodes, at least one
of the plurality of computation nodes and plurality of booster nodes being arranged to
compute a computation task, the computation task comprising a plurality of sub-tasks,
wherein in a first computing iteration, the plurality of sub-tasks are assigned to and
processed by ones of the plurality of computation nodes and booster nodes in a first
distribution; using information relating to the processing of the plurality of sub-tasks by the
plurality of computation nodes and booster nodes to generate a further distribution of the
sub-tasks between the computation nodes and booster nodes for processing thereby in a

further computing iteration.

Preferably, the information is provided by respective daemons operating in each of the
computation and booster nodes. The information provided allows an application manager
to determine if the distribution of sub-tasks between computation nodes and booster
nodes can be adapted or improved upon for a further computing iteration.

A resource manager may determine the assignment of tasks and sub-tasks to the
computation nodes and booster nodes for the first iteration as a function of the
computation task and further parameters. The application manager processes the
information as input to the resource manager such that the resource manager dynamically

alters further distributions during the computing of the computation task.

In a further aspect of the invention, the resource manager, based on the information
dynamically alters assignment of the computation nodes and booster nodes to each other

during the computation of the computation task.

The initial distribution may also be determined by the application manager using
information provided by a user of the system in programming code compiled for execution
by the system. Alternatively, the application manager may be so arranged to generate

such a distribution based on an analysis of the sub-task coding.

In a further aspect, the invention provides a heterogeneous computing system comprising
a plurality of computation nodes and a plurality of booster nodes for computing one or
more tasks comprising multiple sub-tasks, a communication interface connecting the
computation nodes with each other and the booster nodes, wherein the system comprises
a resource manager for assigning booster nodes and computation nodes to each other for

-2
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the computing of the tasks and wherein the system further comprises an application
manager, the application manager being arranged to receive information from daemons
operating in the computation nodes and booster nodes to update a distribution of the sub-
tasks between the computation nodes and the booster nodes between a first computing

iteration and a further computing iteration.

In still a further aspect of the invention, the resource manager receives the information
such that the resource manager dynamically alters assignment of the computation nodes
and booster nodes to each other during the computation of the computation task.
Preferred embodiments of the invention will now be described, by way of example only,

with reference to the accompanying drawings in which:

Fig. 1 shows a schematic diagram of a cluster computer system incorporating the

invention.

Referring to Fig. 1, there is shown a schematic representation of a cluster computer
system 10 incorporating the invention. The system 10 comprises a number of computation
nodes 20 and a number of booster nodes 22. The computation nodes 20 and the booster
nodes are connected via a communication infrastructure 24, with the booster nodes being
connected to the communication interface via a booster interface 23. Each of the
computation nodes 20 and the booster nodes 22 is represented schematically by a
rectangle and each of these nodes in operation incorporates at least one of a respective
daemon 26a and 26b, schematically illustrated by a square within the rectangle of the
respective node. A daemon of the present invention is an application which runs as a
background process and is capable of providing the information as used herein. Clauss et
al. “Dynamic Process Management with Allocation-internal Co-Scheduling towards
Interactive Supercomputing”, COSH 2016 Jan 19, Prague, CZ, disclose daemons as
addressed herein, and the contents of this paper are incorporated herein by reference for

all purposes.

The system 10 also includes a resource manager 28 shown connected to the
communication infrastructure 24 and an application manager 30. Each of the resource

manager 28 and the application manager 30 includes a respective daemon 32 and 34.

The computation nodes 20 may be identical to one another or may have differing
characteristics. Each computation node incorporates one or more multi-core processors

such as the Intel XeonE5-2680 processor. The nodes are connected together by means of
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a communication interface which may be based on a Mellanox InfiniBand ConnectX fabric
capable of transferring data at a rate of many Gbit/s. The computation nodes interface via
the communication interface to the plurality of booster nodes, ideally through a series of
booster interfaces 40. As shown, the booster nodes host at least one accelerator-type
processor, for example an Intel Xeon Phi many core processor, capable of autonomously
booting and running its own operating system. Such technology is described in
Concurrency Computat.: Pract. Exper. 2016; 28:2394-2411 referred to above.

Further, the system 10 may include a modular computing abstraction layer as described in
unpublished application PCT/EP2017/075375, incorporated herein by reference for all
purposes, for enabling communication between the daemons and the application

manager.

A job to be computed by the system may comprise a number of tasks some of which or all
may be repeated a number of times during the execution of the job. For example the job
may be a "Monte-Carlo" based simulation where an effect is modelled using a random

number, the calculations being repeated many times in succession.

The tasks may comprise a number of sub-tasks or kernels. Each of these sub-tasks may
be more or less suitable for processing by one or more of the computation nodes or one
or more of the boosters. In particular, the scalability of the sub-task may indicate whether
it is more appropriate for the sub-task to be processed by a computation node or a
booster. The system is flexible in all directions, also permitting joint processing of sub-
tasks by all nodes addressed herein, as well as reshuffling of processing between the

nodes.

If a task is computed with a first division of sub-tasks between a computation node and a
booster, it is possible that such a division is not an optimal division for the computation of
the task. Certain sub-tasks which were assigned to a booster on the first iteration might in
fact not be suitable for processing by the booster such that a processing of the sub-tasks
by a computation node rather than a booster might optimize the computation of the task
as a whole. Accordingly, for a second and possible further iterations, if needed, of the task
with an altered second and/or further sub-task distribution might improve the efficiency of

the computation of the task.

Accordingly, the system 10 includes a mechanism whereby each of the computation
nodes and the cluster nodes are arranged such that daemons 26a, 26b and 32 feed back
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information to the daemon 34 relating to the processing of sub-tasks and a current state of
the respective processing entity. The daemon 34 uses the information provided by the
daemons 26a, 26b and 32 to determine whether the distribution of sub-tasks to
computation nodes and boosters could be adjusted to optimize or adapt the computation
of the task for a subsequent iteration. The resource manager can also reassign
computation nodes and boosters to each other, in addition to the adjusted distribution of

tasks.

A job including a task in which an operator has estimated a scalability factor for each sub-
task is input into the system. This task is compiled and the compiled code is executed. In
the execution, a task is analyzed by the application manager and sub-tasks of the task are
divided into computation node suitable sub-tasks and booster suitable sub-tasks and this
information is passed to the resource manager for assignment of boosters to computation
nodes. During a first iteration of the task, the results of the execution of the sub-tasks are
collected together with the information from the daemons concerning the processing of the
sub-tasks and the status of the nodes. The application manager then performs a
reassignment of the sub-tasks for a subsequent iteration of the task and passes this
updated assignment information to the resource manager which may also adjust the

assignment of boosters to nodes accordingly.

For each iteration, the daemons operating in the computation nodes and the boosters
report status information to the application manager and the resource manager enabling
the calculation of subsequent iterations to be optimized by a further adjustments to the

allocation of sub-tasks to computation nodes and boosters.

While the above procedure has been described incorporating a taskifying step in which an
initial scalability factor may be inputted by the program coder, it is also possible for the
application manager to automatically set an initial scalability factor for the sub-tasks, with
subsequent iterations improving on this initial setting. Such an arrangement has the
benefit that coding of the tasks is made more straightforward, thereby enabling an
improved usability of the system to program coders unfamiliar with cluster computing

applications.

As well as adjusting the distribution of sub-tasks between computation nodes and
boosters based on a scalability of the sub-task, the distribution may also be influenced by
information learned about the processing of the sub-task and any need to call further sub-
tasks during the processing. If a first sub-task being handled by a booster requires input
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from a second sub-task not being handled by the booster, this may lead to an interruption
in the processing of the first sub-task. Accordingly, the daemon at the booster handling
the first sub-task can report this situation to the application manager such that in a further
iteration both the first and second sub-tasks are handled by the booster. Accordingly, the
application manager is arranged using the information provided by the daemons operating
in the computation nodes and the boosters to adjust groupings of sub-tasks for

assignment to the computation nodes and boosters.

While the computation nodes in Fig. 1 have been given the same reference numeral, as
have the booster nodes, this does not imply that all the computation nodes are identical to
each other and all the booster nodes are also identical to each other. The system 10 may
have computation nodes and/or booster nodes added to the system which differ in
characteristics from the other computation/booster nodes. Accordingly, particular ones of
the computation nodes and /or booster nodes may be particularly suited to processing
particular sub-tasks. The application manager takes this structural information into
account and passes such assignment information to the resource manager to ensure that

the sub-tasks are distributed in an optimum manner.

An important aspect of the invention comes with the recognition that a mapping, tailoring
of computation tasks, and sub-tasks onto a computer hierarchy may not provide sufficient
use of the inherent flexibility and adaptability of the computer architecture, as shown as an
example according to WO 2012/049247 A1. Therefore, the present invention integrates
tailoring the application task most sufficiently, as an example according to WO
2017/0262319 A1, as well as configuring dynamically the computation nodes and booster
nodes to each other, and eventually dynamically rearranging the mapping of the
computation tasks during runtime, based on the information provided by daemons about
the efficiency of the execution o the computation task, and dynamically reassigning the

computation nodes and computation boosters to each other.
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CLAIMS

1. A method of operating a heterogeneous computing system comprising a plurality
of computation nodes and a plurality of booster nodes, at least one of the plurality of
computation nodes and plurality of booster nodes being arranged to compute a
computation task, the computation task comprising a plurality of sub-tasks, wherein

in a first computing iteration, the plurality of sub-tasks are assigned to and
processed by ones of the plurality of computation nodes and booster nodes in a first
distribution; and

information relating to the processing of the plurality of sub-tasks by the plurality of
computation nodes and booster nodes is used to generate a further distribution of the sub-
tasks between the computation nodes and booster node for processing thereby in a

further computing iteration.

2. The method according to claim 1, wherein an application manager receives the
information and determines the further distribution.

3. The method according to claim 2, wherein a resource manager determines the
assignment of tasks and sub-tasks to the computation nodes and booster nodes for the
first iteration as a function of the computation task and wherein the application manager
receives the information and processes it as input to the resource manager such that the
resource manager dynamically alters further distribution during the computing of the

computation task.

4. The method according to any one of the preceding claims, wherein the resource
manager receives the information such that the resource manager dynamically alters
assignment of the computation nodes and booster nodes to each other during the

computation of the computation task.

5. The method according to claim 1 or claim 2, wherein daemons operate in the

computation nodes and the booster nodes to generate the information.

6. The method according to any preceding claim, wherein the first distribution is

determined based on a rating provided in source code for each sub-task.

7. The method according to any preceding claim, wherein the information is used to
provide a grouping of sub-tasks in at least one of the first and second iterations.

-7-
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8. The method according to claim 3, wherein a daemon operating at a node

generates a measure of a loading of the node during processing of a sub-task.

9. A heterogeneous computing system comprising a plurality of computation nodes
and a plurality of booster nodes for computing one or more tasks comprising multiple sub-
tasks, a communication interface connecting the computation nodes with each other and
the booster nodes, wherein the system comprises a resource manager for assigning
booster nodes and computation nodes to each other for the computing of the tasks and
wherein the system further comprises an application manager, the application manager
being arranged to receive information from daemons operating in the computation nodes
and booster nodes to update a distribution of the sub-tasks between the computation
nodes and the booster nodes for a further computing iteration.

10. The computing system according to claim 9, wherein the resource manager receives
the information such that the resource manager dynamically alters assignment of the

computation nodes and booster nodes to each other.
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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
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national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
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Docket No.: 289959/55804

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of:
Thomas Lippert et al.
Application No.: National Stage of Confirmation No.: Not Yet Assigned
PCT/EP2019/051615
Filed: Concurrently Herewith Art Unit: Not Yet Assigned
For: APPLICATION RUNTIME DETERMINED Examiner: Not Yet Assigned

DYNAMICAL ALLOCATION OF
HETEROGENEOUS COMPUTE RESOURCES

FIRST PRELIMINARY AMENDMENT UNDER 37 C.F.R. § 1.115

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:
INTRODUCTORY COMMENTS

Prior to examination on the merits, please amend the above-identified U.S.

patent application as follows:
Amendments to the Specification begin on page 2.
Amendments to the Claims begin on page 3.

Remarks/Arguments begin on page 5.
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Application No. National Stage of
PCT/EP2019/051615 Docket No.: 29959/55804
First Preliminary Amendment

AMENDMENTS TO THE SPECIFICATION

(1) Immediately after the Title, please insert the following headings and new
paragraph:

CROSS-REFERENCE TO RELATED APPLICATIONS

[0000] This is the United States national phase of International Patent Application
No. PCT/EP2019/051615, filed January 23, 2019, which claims priority to EP 18152903.3
filed January 23, 2018, the entire contents of each of which are hereby incorporated by

reference herein.

FIELD OF THE DISCLOSURE

(2) Immediately before line 8 on page 1, please insert the following new heading:

BACKGROUND

(3) Immediately before line 1 on page 2 of the application, please insert the following
new heading:

GENERAL DESCRIPTION

(4) Immediately after line 11 and before line 10 on page 3 of the application, please
insert the following new heading:

BRIEF DESCRIPTION OF THE DRAWINGS

(5) Immediately after line 14 and before line 16 of the application, please insert the
following new heading:

DETAILED DESCRIPTION OF THE DRAWINGS
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Application No. National Stage of
PCT/EP2019/051615 Docket No.: 29959/55804
First Preliminary Amendment

AMENDMENTS TO THE CLAIMS

1. (Original) A method of operating a heterogeneous computing system comprising
a plurality of computation nodes and a plurality of booster nodes, at least one of the plurality
of computation nodes and plurality of booster nodes being arranged to compute a
computation task, the computation task comprising a plurality of sub-tasks, wherein

in a first computing iteration, the plurality of sub-tasks are assigned to and processed
by ones of the plurality of computation nodes and booster nodes in a first distribution; and

information relating to the processing of the plurality of sub-tasks by the plurality of
computation nodes and booster nodes is used to generate a further distribution of the sub-
tasks between the computation nodes and booster node for processing thereby in a further
computing iteration.

2. (Original) The method according to claim 1, wherein an application manager
receives the information and determines the further distribution.

3. (Original) The method according to claim 2, wherein a resource manager
determines the assignment of tasks and sub-tasks to the computation nodes and booster
nodes for the first iteration as a function of the computation task and wherein the application
manager receives the information and processes it as input to the resource manager such
that the resource manager dynamically alters further distribution during the computing of the
computation task.

4. (Currently Amended) The method according to claim 1 ary-ere-ofthe
preceding-claims, wherein the resource manager receives the information such that the
resource manager dynamically alters assignment of the computation nodes and booster
nodes to each other during the computation of the computation task.

5. (Currently Amended) The method according to claim 1 erclaim-2, wherein
daemons operate in the computation nodes and the booster nodes to generate the

information.
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Application No. National Stage of
PCT/EP2019/051615 Docket No.: 29959/55804
First Preliminary Amendment

6. (Currently Amended) The method according to claim 1 ary-preceding-claim,
wherein the first distribution is determined based on a rating provided in source code for
each sub-task.

7. (Currently Amended) The method according to claim 1 any-preceding-claim,
wherein the information is used to provide a grouping of sub-tasks in at least one of the first
and second iterations.

8. (Original) The method according to claim 3, wherein a daemon operating at a
node generates a measure of a loading of the node during processing of a sub-task.

9. (Original) A heterogeneous computing system comprising a plurality of
computation nodes and a plurality of booster nodes for computing one or more tasks
comprising multiple sub-tasks, a communication interface connecting the computation nodes
with each other and the booster nodes, wherein the system comprises a resource manager
for assigning booster nodes and computation nodes tc each other for the computing of the
tasks and wherein the system further comprises an application manager, the application
manager being arranged to receive information from daemons operating in the computation
nodes and booster nodes to update a distribution of the sub-tasks between the computation
nodes and the booster nodes for a further computing iteration.

10. (Original) The computing system according to claim 9, wherein the resource
manager receives the information such that the resource manager dynamically alters
assignment of the computation nodes and booster nodes to each other.
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Application No. National Stage of
PCT/EP2019/051615 Docket No.: 29959/55804
First Preliminary Amendment

BREMARKS

The foregoing amendments are intended to place the application in better
condition for US prosecution and to avoid excess claims fees. No new matter is added.
Prompt and favorable consideration of the application is requested.

In view of the above amendment, applicant believes the pending application

is in condition for allowance.

Dated: July 21, 2020 Respectfully submitted,

By /Michael P. Furmanek, #58,495/
Michael P. Furmanek

Registration No.: 58,495
MARSHALL, GERSTEIN & BORUN LLP
233 S. Wacker Drive
6300 Willis Tower
Chicago, lllinois 60606-6357
(312) 474-6300
Attorney for Applicant
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER see Form PCTASA/220
P85465PCT ACTION as well as, where applicable, item 5 below.
International application No. International filing date {day/month/year) (Earliest) Priority Date {day/month/year)
PCT/EP2019/051615 23 January 2019 (23-01-2019) 23 January 2018 (23-01-2018)
Applicant

PARTEC CLUSTER COMPETENCE CENTER GMBH

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

3

This international search report consists of a total of sheets.

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

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

the international application in the language in which it was filed

D atranslation of the international application into , which is the language
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b}))

b. E’ This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. |.
2. D Certain claims were found unsearchable (See Box No. II)
3. [] unity of invention is lacking (see Box No Iil)

4. With regard to the title,
the text is approved as submitted by the applicant
I:I the text has been established by this Authority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant

D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1
as suggested by the applicant
D as selected by this Authority, because the applicant failed to suggest a figure
D as selected by this Authority, because this figure better characterizes the invention
b. El none of the figures is to be published with the abstract

Form PCT/ISA/210 (first sheet) (January 2015)
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INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2019/051615

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6F9/50
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO6F

Minimum documentation searched {classification system followed by classification symbols}

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

18 April 2012 (2012-04-18)
abstract

paragraphs [06609], [0012],
[0016], [0047] - [0050]

X EP 2 442 228 Al (LIPPERT THOMAS [DE];
PARTEC CLUSTER COMPETENCE CT GMBH [DE])

[0014] -

1-10

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of ancther citation or other
special reason {as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P* document published prior to the international filing date but later than
the priority date claimed

v

D'

nyw

g

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

16 April 2019

Date of mailing of the intemational search report

29/04/2019

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authaorized officer

Archontopoulos, E

Form PCT/ISA/210 (second shest) (April 2005)
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INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2019/051615
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 2442228 Al 18-04-2012 CA 2814309 Al 19-04-2012
CA 3027973 Al 19-04-2012
CN 103229146 A 31-07-2013
CN 109491795 A 19-03-2019
EP 2442228 Al 18-04-2012
EP 2628080 Al 21-08-2013
JP 6433554 BZ 05-12-2018
JP 6494161 B2 03-04-2019
JP 2013539881 A 28-10-2013
JP 2017216000 A 07-12-2017
KR 20140018187 A 12-02-2014
KR 20180014185 A 07-02-2018
KR 20190025746 A 11-63-2019
RU 2013121560 A 20-11-2014
US 2013282787 Al 24-10-2013
US 2019089574 Al 21-03-2019
WO 2012049247 Al 19-04-2012

Form PCT/ISA/210 (patent family annex) (April 2005)
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

o PCT

WRITTEN OPINION OF THE
see form PCTASA220 INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing
(day/monthiear) see form PCTASAZ210 (second sheet)

Applicant’s or agent's file reference

FOR FURTHER ACTION

~see form PCTASAR220 See paragraph 2 below

3 International application No. International filing date (dayfnonthiear) Priority date (day/month/irear)
PCTEP2019/051615 23.01.2019 23.01.2018

i International Patent Classification (IPC) or both national classification and IPC

- INV. GO6F950

i Applicant

PARTEC CLUSTER COMPETENCE CENTER GMBH

1. This opinion contains indications relating to the following items:

Box No. | Basis of the opinion
Box No. Il Priority
Box No. Ill Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step and industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited

Box No. VIl Certain defects in the international application

ORO ROOORK

Box No. VIlIf Certain observations on the international application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority

will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months
from the date of mailing of Form PCTASA/220 or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASA220.

. Name and mailing address of the ISA: Date of completion of Authorized Officer .
P this opinion e “’”"%(‘«
Q) European Patent Office cee form i o %
P.B. 5818 Patentlaan 2 Archontopoulos, E £ ’ E
_ & NL-2280 HV Rijswijk - Pays Bas PCTASAR10 P % $
Tel. +31 70 340 - 2040 Telephone No. +31 70 340-0 g gy
Fax: +31 70 340 - 3016 ’

Form PCTASAR237 (Cover Sheet) (January 2015)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/EP2019/051615

Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

&
O

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

a translation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

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

a. O forming part of the international application as filed:
O in the form of an Annex C/ST.25 text file.

O on paper or in the form of an image file.

b. O furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of
international search only in the form of an Annex C/ST.25 text file.

c. U furnished subsequent to the international filing date for the purposes of international search only:
[ in the form of an Annex C/ST.25 text file {Rule 13fer.1(a)).

O on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section
713).

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

5. Additional comments:

Form PCTASA/237 (January 2015)
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WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY

International application No.
PCT/EP2019/051615

Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes:
No:

Inventive step (I1S) Yes:
No:

Industrial applicability (1A) Yes:
No:

2. Citations and explanations

see separate sheet

Claims
Claims

Claims
Claims

Claims
Claims

Box No. VI Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

see separate sheet

Form PCTASA/237 (January 2015)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/EP2019/051615

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Reference is made to the following document:

D1: EP 2442 228 A1, 18 April 2012.

2 D1 discloses all features defined in claim 1:

o A method of operating a heterogeneous computing system comprising a
plurality of computation nodes and a plurality of booster nodes:

o [abstract] computer cluster comprising computation nodes CN and
boosters B

o At least one of the plurality of computation nodes and plurality of
booster nodes being arranged to compute a computation task:

> CNs dynamically outsource specific computation tasks to boosters
B (the feature is hence implicitly disclosed as a combination of 1
CN node that outsources a task + at least 1 BN node to which the
task is outsourced)

o The computation task comprising a plurality of sub-tasks:

o [0012] A compulation task may be defined by means of an
algorithm, a source code, a binary code and may be furthermore
be compound of any of them. A computation task may for instance
be a simulation, which is to be computed by the computer cluster
arrangement. Furthermore, the computation task may comprise
several sub problems, also referred to as sub tasks, which in their
entirety describe the overall computation task. It is possible to
divide the computation task into several parts, for instance at least
a first part of the computation task and at least a second part of
the computation task. It is also possible for the computer cluster
arrangement to solve the parts of the computation task in parallel
or in succession.

o In a first computing iteration, the plurality of sub-tasks are assigned to
and processed by ones of the plurality of computation nodes and
booster nodes in a first distribution:

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/EP2019/051615

o [0012] solve the parts of the computation task ... in succession.
Note: in succession covers a task being executed in a first phase
and a second phase.

o [0014] For determining an initial assignment of boosters to
computation nodes, the assignment metric is predetermined but
may be altered at runtime...static assignment is provided at start of
the processing of computation task and dynamic assignment is
provided at runtime.

o [0047]-[0050] deal with various variants of processing first one
part of a computation task with one combination/configuration of
cluster nodes, re-assignment of nodes, and processing second
part of the computation task with a different configuration of
cluster nodes

o Information relating to the processing of the plurality of sub-tasks by the
plurality of computation nodes and booster nodes is used to generate a
further distribution of the sub-tasks between the computation nodes and
booster node for processing thereby in a further computing iteration:

o [0014] it is possible to update the assignment metric at runtime.
Such assignment rules may be created as a function of a load
balancing, which detects workload of the computer cluster
arrangement, especially of the boosters [note: "information...",
implicit that it is relating to the processing of the plurality of sub-
tasks...]....dynamic assignment is provided at runtime.("further
distribution”).

o [0016] A computation history...applied for dynamic assignment.
Hence, computation tasks can be empirically evaluated by
computation on at least one first booster and recording response
times and furthermore by processing the same computation task
on at least one further booster and recording response time, see

[0047]-[0050].
3 The subject-matter of claim 1 is therefore not new (Article 33(2) PCT).
4 The subject-matter of claim 9 differs from that of claim 1 in two additional

features:

Form PCT/ISA/237 (Separate Sheet} (Sheet 2} (EPO-April 2005}

Page 69 of 198



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/EP2019/051615

o A. The first additional feature of independent claim 9 relating to "the
system comprises a resource manager for assigning booster nodes and
computation nodes to each other for the computing of the tasks” is
disclosed by document D1, see e.g., [0009].

o B. Regarding the second additional feature of independent claim S
relating to "the system further comprises an application manager, the
application manager being arranged to receive information from
daemons operating in the computation nodes and booster nodes”, it is
noted that although D1 is silent about having "an application manager",
said feature is not considered inventive because it is a customary
measure requiring no documentary evidence to monitor performance of
a node in a cluster during execution of task(s) via a daemon running on
the node, and to provide the related information (either in form of raw
data or some derived metrics thereof) to some kind of a centralized
manager (hence, receiving such information is also a standard

practice).
5 Therefore, the subject-matter of claim 9 is not inventive (Article 33(3) PCT).
6 The dependent claims do not appear to contain any additional features which,

in combination with the features of any claim to which they refer, meet the
requirements of novelty (claim 4) and inventive step (claims 2-3, 5-8, 10) for
the following reasons:

o claim 2: application manager receives the information and determines
the further distribution: The additional features of said dependent claim
appear to be strongly suggested by document D1, which although silent
on having "an application manager", discloses such information and
determining further distribution, see, e.g., D1 [0014]...detects workload
of the computer cluster arrangement, especially of the boosters.
Furthermore, it is possible to detect computing capacities of boosters
and furthermore detect computation task requirements and assign a
selected booster, which provides the required capacities to the
computation node...dynamic assignment is provided at runtime.

o claim 3: a resource manager determines the assignment of tasks and
sub-tasks to the computation nodes and booster nodes for the first
iteration as a function of the computation task and wherein the
application manager receives the information and processes it as input
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to the resource manager such that the resource manager dynamically
alters further distribution during the computing of the computation task:
- see comments for the corresponding subject-matter of claim 9

o claims 4 and 10: the resource manager receives the information such
that the resource manager dynamically alters assignment of the
computation nodes and booster nodes to each other during the
computation of the computation task. The additional features of said
dependent claims are known from document D1:

o [0009] For an assignment of a booster to a computation node a
resource manager, in form of a resource manager module or
resource manager node, may be provided. The resource manager
may establish a static assignment at start of a processing of a
computation task. Alternatively or additionally it may establish a
dynamic assignment at runtime, which means during processing of
the computation task. (Note: hence there is a first assignment
(static), and then it is dynamically altered).

o [0014] For accomplishing the assignment between boosters and
computation nodes a specific set of rules is required. Therefore,
an assignment metric is provided, which serves as a basis for the
decision which booster is coupled with which computation node.
The assignment metric may be managed by a resource manager.
Managing the assignment metric refers to establishing and
updating rules naming at least one booster, which is assigned to at
least one further named computation node. Hence, it is possible to
update the assignment metric at runtime. Such assignment rules
may be created as a function of a load balancing, which detects
workload of the computer cluster arrangement, especially of the
boosters.

o claims 5, 8: daemons operate in the computation nodes and the booster
nodes to generate the information: It is a standard design option to
monitor load of a node in a cluster via a daemon running on the node,
as already indicated for claim 9; generating a measure of a loading of
the node during processing of a sub-task is a routine measure for a
skilled person, which a skilled person would apply according to the
circumstances, e.g. to obtain performance statistics for each individual
component of the compute task for a particular architecture.
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o claim 6: the first distribution is determined based on a rating provided in
source code for each sub-task. Determining a distribution based on
tasks properties is strongly suggested by D1 [0014-15] detect
computation task requirements and assign a selected booster, which
provides the required capacities to the computation node...static
assignment is provided at start of the processing of computation task
and dynamic assignment is provided at runtime... Furthermore cost
functions may be applied for evaluation of required resource capacities
and furthermore for evaluation of provided computation capacities of
boosters. Hence, computation tasks of certain requirements can be
forwarded to appropriate boosters.

o claim 7: the information is used to provide a grouping of sub-tasks in at
least one of the first and second iterations. As far as it can be
understood, it is a customary practice to determine grouping and further
allocation of tasks according to such information. It is noted that "the
first and second iterations” of claim 7 are not defined. Under assumption
that "the first iteration" of claim 7 refers to "a first computing iteration” of
claim 1, it is not clear how the information which appears to be obtained
in claim 1 subsequent to processing the first computing iteration is used
in claim 7 to "provide a grouping of sub-tasks in ... the first iterations".

7 All claims are industrially applicable.

Re Item Vi
Certain defects in the international application

8 To meet the requirements of Rule 5.1(a)(ii) PCT, D1 should be identified in
the description and the relevant contents should be discussed in a manner
adequate to allow full understanding of the subject of protection and in order
to ensure that it is clear from the description which features of the subject-
matter of any new independent claim are known from D1.

9 All independent claims are to be drafted in the two-part form in accordance
with Rule 6.3(b) PCT, which in the present case would be appropriate, with
those features known in combination from the prior art (D1) being placed in
the preamble (Rule 6.3(b)(i) PCT) and the remaining features being included
in the characterising part (Rule 6.3(b)(ii)) PCT.

10 The features of all claims are not provided with reference signs placed in
parentheses (Rule 6.2(b) PCT).
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High Performance Computing System and Method

The present invention relates to the technical field of high performance computing (HPC). in
particular, the invention relates to a heterogeneous computing system, particularly a computing
system including different modules, which can freely be assigned to jointly process a
computation tasks. A control entity, referred to as module computing abstraction layer (MCAL),
is provided which allows dynamic assignment of various resources provided by the different
modules. Due to its flexibility in adjusting to varying demands in computing, the present
invention is also applicable as an underlying system for providing cloud computing services,
which provides shared computer processing resources and data {o computers and other devices

on demand, mostly via the Internst.

Applications for HPC systems cover a wide technical area. From simulating the human brain
over weather and climate prediction, computational fluid engineering, seismic imaging, radio
astronomy to data analysis, just to name a few. The demand for high performance computing is

ever increasing.

Currently, the predominant HPC architectures are cluster computers and massive parailel
processing (MPP) systems. Cluster computers include a plurality of cluster nodes, which
communicate with each other using standard network technology. The individual cluster nodes
are equipped with off-the-shelf general purpose processors. In MPP (massively parallel
processing) systems, a large number of processors perform computations simultaneously,
hence, in parallel. They normally also employ off-the-shelf general purpose processors. The
processors, however, tend to use proprietary network technology and particularly adapted

software for the communication.

In order to satisfy the thirst for more and more computation power, the number of cluster nodes
in computer clusters and processors in MPP systems increased massively in recent years.
However, it can already be seen that just using off-the-shelf general purpose processors and

increasing its number in a system is not a solution.
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Off-the-shelf general purpose processors have without any doubt positive aspects. Their single
thread performance is high. They have large memory per processor or core in case of a
multi-core processor. Standard programming can be used, which makes it easier to port
applications to such systems. However, the technology is reaching its limits. If it comes to
off-the-shelf general purpose processors, their clock rate (frequency) has practically not
increased in the last decade. This is closely connected to the energy consumption, which should
not go far beyond 100 watt per chip before it gets critical, in particular with cooling the system.

Additionally, those processors are comparably expensive and have low energy efficiency.

A solution is seen in employing accelerators, which ¢an be used to compute those parts of an
application that is highly scalable. Highly scalable is an application if it can handle larger ioads
by adding more resources in a more cost effective way. The sequential part in the code, which

cannot be computed in parallel, is normally one of the most crucial limiting factors for scalability.

Systems using more than one kind of processor are referred to as heterogeneous computer
systems. Different accelerators can be used in combination with general purpose processors,
namely many core processor and GPUs (Graphics Processing Unit). Many core processors
have 50 plus cores. GPUs have hundreds of simple computing cores. Both types of processors

are energy efficient.

In heterogeneous computer systemns, each cluster node is equipped with accelerators, formed
by one or more multicore processors or GPUs. The accelerator basically functions as a
coprocessor supplementing the functions of the cluster node’s primary processor. The cluster
nodes communicate via a fabric in which components pass data to each other through
interconnecting switches. The term "fabric” is one used in the fieid of high performance
computing to refer to a system topology. The term interconnect is also used for the
communication infrastructure between the cluster nodes, referring to an electrical or optical
connection or cable that connects separate devices. The major problem of attaching an
accelerator o each node is the static assignment. The ratio between the general purpose

processor and the GPU is fixed when the system is designed.

The international application W(02012-048247A1 tackles this shortcoming with a computer
cluster arrangement and a method for operation of the introduced computer cluster
arrangement. The computer cluster arrangement comprises computation nodes CN, which
dynamically outsource specific computation tasks to boosters B. Therefore, an assignment
technique of boosters B to computation nodes CN is introduced. The assignment takes
dynamically place at runtime. In this architecture cluster nodes and acceleralor nodes, which
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form the booster, are put into one fabric. This is more flexible in comparison to the accelerated
cluster nodes since the assignment of the booster to cluster nodes for accelerating processing
can be done when starting a process. This arrangement is further described by Norbert Eicker et
al. in "The DEEP project Pursuing cluster-computing in the many-core era”, 42nd International
Conference on Parallel Processing, pp 885-892, 2013, and "The DEEP Project An alternative
approach to heterogenous cluster-computing in the many-core era”, Concurrency and
Computation: Practice and Experience, 28, pp 2394-2411. 2015.

When one application is computed by a heterogeneous system, such as the cluster booster
type, the individual computation tasks not only need to be processed on multiple different cluster
nodes, but also on two different architectures, namely the computer cluster and the accelerator.
An efficient communication between the cluster computer and the booster as well as within the
cluster computer and within the booster must be ensured. Additionally, the increasing number of
components causes the risk that components fail, even with a high reliability of the individual
parts. So the system must ensure a high resiliency, l.e. the ability to withstand faillure of

individual components and yet remain functional.

The present invention provides modular computing systems. A modular computing system
includes different modules, such as a cluster module, and booster module, a storage module, a
neuromorphic module, a data analytic module, a graphics module, a quantum computing
module etc. Each module might include a plurality of nodes. The cluster module includes a
plurality of cluster nodes, the booster module includes a plurality of booster nodes, and the
storage module includes a plurality of storage nodes, and so on.

The individual nodes are either all connected to one fabric. Different modules may have different
interconnects. The cluster module uses e.g. an InfiniBand interconnect, whereas the booster
module uses an Intel Omni-Path fabric, which is connected to the InfiniBand interconnect via

special interface nodes. The same applies {o the other types of modules.

in order to combine the different modules to one system a modular computing abstraction layer
{MCAL) is provided. The MCAL provides communication functionality and management
functionality. The Para Station by Par Tec Cluster Competence Center GmbH could form a
starting point for realizing MCAL having the functionality and properties described in the

following.

The MCAL allows communication within a module, referred {o as intra module communication,
and between modules, referred to as inter module communication. In order {o do so, MCAL
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provides interfaces to the respeclive fabrics, e.g., one fabric for entire system or specialized
fabric per module, such as infiniBand for ciuster module and Intel Omni-Path fabric for the
booster module. Other interconnects are also possible such as Ethernet, 10G, Gigabit or shared
memory communication. MCAL can use any kind of communication and selects the particular
way of communication based on availability, indications by the application program,

performance or cost considerations.

Shared memory communication provides a very fast and efficient way for two or more processes
to communicate. Different types of shared memory communication can be employed by MCAL.
In case two or more processes of a paralle! task run on the same physical node having shared
memory, this shared memory can be used for shared memory communication between these
processes. This is typically possible on SMP nodes, where one process per CPU is spawned.
Symmetric multiprocessing (SMP) refers to an architecture where two or more identical
processors connect to a single, shared main memory. Since MCAL has the knowledge about the
processes and on which node they are processed, MCAL can set up shared memory

communication in such a situation.

However, shared memory communication is not limited to SMP situations. In case processes
run on different nodes within one module or even on nodes belonging to different modules,
MCAL seis up shared virtual address space communication. Using shared virtual address space
communication, larger messages are conveyed between nodes by just sharing meta data of the
message and the virtual address of the data itself. The actual message can be accessed by the
process via its assigned virtual address space. This allows fast communication. MCAL sets up a
virtual address space communication by setting up a memory region, which is directly shared by

the processes or nodes involved in the communication.

As can be seen from those examples the MCAL not only provides the communication
functionality, but also selects the way to communicate, which increases performance and
efficiency. MCAL can e.g. decides which interconnect can be used for communication while
spawhning processes, i.e., creating and executing new child processes. At the same time MCAL
monitors the current process and observes the child process to terminate or may continue to

execute asynchronously.

The second major function MCAL provides is management. The management function covers
different aspects, namely node management, module management, process management and

resource management.
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Node management is directed to the individual nodes, such as the cluster nodes in a cluster
module, the booster nodes in a booster module, the storage nodes in a storage module and so
on regarding other types of modules, as named above, which are present in the system. MCAL
first of all detects usable nodes. Usable nodes are those ready to be used. This includes that
MCAL is configured to identify malfunctioning nodes or nodes close to fail, e.g. based on system
parameters, such as temperature, available memory, etc. and the variation of those properties

over time. MCAL therefore implements fault tolerance and thereby ensures high resiliency.

This is done by MCAL employing the concept of virtual nodes. The virtual nodes represent
actual hardware, such as cluster nodes, booster nodes, storage nodes, efc. but MCAL has the
freedom to dynamically map the nodes. For example, if an application requires X cluster nodes,
Y boosier nodes and Z storage nodes (X, Y, Z being integer numbers). MCAL can provide those
nodes out of all available resources. In case a node is failing or added to the system, MCAL can
react quickly by just changing the mapping between the virtual nodes and the physical nodes.
Malfunctioning nodes can be taken out of the list of available nodes without making the entire

system fail.

MCAL has also the ability to select particular nodes depending on factors like reachability,
latency or physical placement. This can be done completely transparently to the running

application.

The MCAL has the overall system view and constantly keeps the state of each node and each
interconnsct up to date. MCAL is informed at all times about particular properties of each node
and interconnect, such as number of available CPUs per node, running services, available

storage, intercennect bandwidth, free memory, temperature, system clock rate efc.

Another function is module management. Module management is similar to node management,
and might include node management for a particular module, but takes inio consideration
module specific aspect. Module management focuses on module specific aspects, such as the
state of interface nodes, if provided, via which the module communicates o others. Similar to

nodes, MCAL monitors the module's state in order {o allow increased utilization of the module.

MCAL is aiso responsible for process management. Each running application is divided into a
plurality of individual processes, which need 1o be started, distributed and monitored. At the
same time resources need to be assigned, which correspond to the need of the process for
computation power and storage. If the process requires a particular processing, MCAL assigns
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one or more booster nodes or even more specific nodes such as neuromorphic nodes, data

analytic nodes, graphics nodes or quantum computing nodes from the respective modules.

in order to do so, MCAL is configured to recognize and control dependencies between
processes and their requirements. Based on this, MCAL creates processes on nodes, in case of
a booster module or ciuster module, or assigns storage in case of a storage module. Processes
are monitored and dependent processes are treated as group, allowing to quickly responding to
errors occurring in any one of a parallel task. This allows that processes are re-started

immediately so that the overall delay for the running application is minimized.

Resource management is another task MCAL performs in the modular computing system. As

part of resource management MCAL realizes off-loading mechanism, i.e. processes, which are
e.g. running on a cluster module, might need some booster nodes from the booster module. In
such a case MCAL can spawn processes on selected booster nodes, in order to run the task in

parallel.

As part of the off-loading not just one process running on one booster may be created, but
multiple processes, which are directly communicating with each other using the moduies

communication fabric without the need for the host processor to interfere.

The rescurce management also ensures reducing memory consumption, e.g. by reducing the
number of connections between different processes. This is done by using on-demand
connections, which are only actually established, when needed. This drastically reduces
memory consumption per connection. So, not only resources such as nodes are treated in a
virtual fashion, but virtual assignment is also applied to physical networks.

When assigning resources, MCAL does not only take into consideration the request by one
process, but other processes as well. This allows to flexibly responding to changes of

communication infrastructure based on the integrated control.

Integrated control is another functional aspect provided by MCAL. Integrated control refers to
the usage of information gathered by MCAL from its management function for controlling
communication and vice versa. Hence, communication function and management function is not

separate but integrated in order to further optimize the overall system performance.

MCAL’s knowledge about ail different aspscts of all nodes in all modules and the status of all
interconnects, intra module communication and inter module communication is used to run the
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system. This allows to dynamically adjusting to changing behavior of the system as well as to

changing demand of the application running on the system.

The integrated control does not only take into consideration the actual system state and

application demands, but also predicts upcoming requests for module or interconnect usage.

The information of the system state is used for dynamic assignment of nodes. This includes that
the assignment of resources is done using a feedback loop registering system wide impact of
assignment decisions, so that future assignments adjust correspondingly. The system aiso
stores such information to improve assignment decisions for future cases, in a self-learning

fashion.

Even if the main part of application normally starts on the cluster module, MCAL identifies which
part of the application to run on the cluster module or the booster moduie. Basis for the decision
are e.g. indications by the application code itself, of the observation of the codes performance
while running. This aliows adjustments to the assignment during the computing of the

application.

As to the implementation of MCAL, MCAL is distributed over the entire system and it includes
node managers (NM) implemented on each node. Node managers can be implemented in
hardware, or software, e.g. as daemon processes running on the respective nodes. Node
managers constantly gather information in order to build a global view on modules and the entire
system. Applications running on system can benefit from this information by communication with
the management function or directly with individual node managers. This is realized by particular
interface, which can be hardware or an APl (application programming interface). So, not only
that MCAL gets input from applications, but applications benefit from information gathered by
MCAL via the individual node managers.

The communication traffic of node managers is strictly separated from intra and inter module
communication. This allows the intra and inter module communication to run with high speed
uninterrupted by management functions, Furthermore, system security can further be enhanced

by such separation.

The use of the actual communication network is controlled by MCAL, which provides such
functionality to the application via message passing interface (MP!). Part of MCAL is an MPI
stack for each module as well as a system wide global MPI. Individual MPls are realized e.g. for

the computer cluster module, the booster module, storage moduie etc.
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MCAL’s communication uses an administration network. The administration network can be the
same or a different physical network than the physical network used for intra and inter module
communication. For example, the intra and inter module communication can be InfiniBand,
Myrinet etc. and the administration network can be formed by Ethernet connecting the node

managers.

Special nodes can be included in the system for providing a front end allowing administrative
tasks or control functions o run the system. The front-end does not need to be connected to the
communication network, but just to the communication network. Via the front-end node, which
could be formed e.g. by a work station computer, a personal computer (PC) a laptop computer
or any smart computing device, the modular computing system can be administrated.
Applications running on the modular computing systems can be scheduled, started, stopped and
monitored. This can be done by baich processing, i.e. by executing a series of jobs on the

modular computing system without manual intervention, hence, non-interactive.

Besides running a series of jobs on the modular computing system without manual intervention,
MCAL may provide interactive computing, in which the application running on the modular
computing system accepts input from humans as it runs. This input may be provided via a work
station computer, a personal computer (PC) a laptop computer or any smart computing device.
In such a scenario the modular computing system is accessible via e.g. the laptop computer,
appearing as the laptop computer would have the computation power of the modular computing
system. This is very useful for real time applications, which must respond within a time frame
that the user senses as immediate or current. Also Big Data applications, which make
voluminous amount of structured, semi structured and unstructured data accessible for mining
information, can make use of such an arrangement. This is also trus for cloud computing
services having the modular computing system as an underlying resource for the provision of

computation power and storage.

The tight integration between MCAL and the system allows lower communication latency and

improve communication in the described modular computing system.

Drawings

Fig. 1 shows a functional view of a modular computing system according to the present

invention.
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Fig. 2 shows a first embodiment of a modular computing system according to the present

invention.

Fig. 3 shows a second embodiment of a modular computing system according to the present

invention.

Fig. 1 shows the functional view of a modular computing system 100 according to the present
invention. An application layer 110 forms the top of the modular computing system. In the
application layer application programs, such as software programs may be executed in the
modular computing system 100. A modular computing abstraction layer 120 (MCAL) is provided,
in order to allow the application layer 110 to access the system’s resources. The system’s
resources are formed by various modules, such as the cluster module 130, the booster module
140, the storage module 150, the data analysis module 160 and other modules 170, e.g. one or
more from the foliowing group of modules: a neuromorphic module, a graphics module, a

quantum computing module. It is also possible to have multiple modules of the same kind.

The MCAL 120 allows communication within a module, referred to as intra module
communication, and between modules, referred to as inter module communication. MCAL 120
can use any kind of communication and selects the particular way of communication based on
availability, indications by the application program, performance or cost considerations.

Additionally MCAL 120 provides management function. The management function covers
different aspecis, namely node management, module management, process management and
resource management. Node management is directed to the individual nodes and will be

explained further with reference to Figures 2 and 3.

The MCAL 120 has the overall system view and constantly keeps the state of each module 130,
140, 150, 160 and 170 up to date. MCAL 120 is informed at all times about particular properties
of module 130, 140, 150, 160 and 170, such as number of available processors, running
services, available storage, interconnect bandwidth, free memory, temperature, system clock
rate etc. Another function MCAL 120 provides is module management. Module management
takes into consideration module specific aspect. Hence, MCAL includes functions specially
adapted to manage the cluster module 130, the booster module 140, the storage module 150,
the data analysis module 160 and other modules 170. MCAL 120 is also responsible for process
management. Each running application 110 is divided into a plurality of individual processes,
which need to be started, distributed and monitored. At the same time resources need to be
assigned, which correspond to the need of the process for computation power and storage. If
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the process requires a particular processing, MCAL 120 assigns one or more booster nodes or
even more specific nodes such as neuromorphic nodes, data analytic nodes, graphics nodes or
quantum computing nodes from the respective modules. In order to do so, MCAL 120 is
configured to recognize and control dependencies between processes and their requirements.
Resource management is another task MCAL 120 performs in the modular computing system.
As part of resource management MCAL 120 realizes off-loading mechanism, i.e. processes,
which are e.g. running on a cluster module 130, might need some booster nodes from the
booster module 140. In such a case MCAL 120 can spawn processes on selected boosier
nodes from the booster module 140, in order o run the task in parallel.

Integrated control is another funclional aspect provided by MCAL 120. Integrated control refers
to the usage of information gathered by MCAL 120 from its management function for controlling
communication and vice versa. Hence, communication function and management function is not
separate but integrated in order to further optimize the overall system performance. This allows
to dynamically adjusting to changing behavior of the system as well as to changing demand of
the application running on the system. The integrated control does not only take inio
consideration the actual system state and application demands, but also predicts upcoming

requests for module or interconnect usage.

Fig. 2 shows a first embodiment of a modular computing system 200 according to the present
invention. The modular computing system 200 includes a cluster module 202, a booster module

204 and a storage module 206.

The cluster module 202 includes a plurality of cluster nodes 208 (CN). On each cluster node 208
a node manager 208 (NM) is provided, which in cooperation with cther node managers 209
provides communication and management functionality to the modular computing system 200.
The booster module 204 includes a plurality of booster nodes 210 (BN). On each booster node
210 a node manager 209 is provided, which in cooperation with other node managers 209
provides communication and management functionality to the modular computing system 200.
The storage module 206 includes a plurality of storage nodes 212 (SN). On each storage node
212 a node manager 209 is provided, which in cooperation with other node managers 209
provides communication and management functionality to the modular computing system 200.

The cluster node may be formed by a computer having a general purpose micro processor, such
as an Intel Xeon processor, memory, interfaces, such as network cards. The booster nodes
might be formed by processing systems equipped with GPUs or many core processors, memory
and interfaces, such as network cards. The storage nodes include memory, which can be RAM
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(random access memory) and non-volatile memory, such as flash memory, SSD (solid state
disk), hard disk, further the storage node includes a node controller, such as a microprocessor

and interfaces, such as network cards.

Two different networking infrastructures are provided. Firstly, there is a communication network
220 connecting all nodes 208, 210, 212 with each other, so that the cluster nodes 208 and the
booster nodes 210 and the storage nodes 212 can communicate.

Secondly, an administration network 224 is provided connecting ali node managers 209
provided in the various nodes 208, 210, and 212. Attached to the administration network 224 is
a front-end 230 which allows controlling the entire modular computing system. The front-end
230 also includes a node manager 209, which performs the actual communication to the other

node managers 209.

In order to combine the different modules to one system a modular computing abstraction layer
{MCAL) is provided as described with reference to Fig. 1. The MCAL provides communication
functionality and management functionality. The ParaStation by ParTec Cluster Competence
Center GmbH could form a starting point for realizing MCAL having the functionality and

properties described here.

The MCAL is implemented by the node managers 209 on the individual nodes and allows
communication within a module, referred to as intra module communication, and between
modules, referred to as inter module communication. In order to do so, the node managers
provide interfaces to the respective fabrics, e.g., one fabric for entire system or specialized
fabric per module, such as InfiniBand for cluster module 202 and Intel Omni-Path fabric for the
booster module 204, Other interconnects are also possible such as Ethernet, 10G, Gigabit or
shared memory communication. The node managers 308 can use any kind of communication
and selects the particular way of communication based on availability, indications by the

application program, performance or cost considerations.

Shared memory communication and shared virtual address space communication can be
employed, which provide a very fast and efficient way for fwo or more processes to

communicate.
The node managers 209 coliectively provide node management. Node management is directed

to the individual nodes, such as the cluster nodes 208 in a cluster module 202, the booster
nodes 210 in a booster module 204, the storage nodes 212 in a storage module 206.
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Furthermore, the node managers 209 ailso select particular nodes depending on factors like
reachability, latency or physical placement. This can be done completely transparently to the
running application. They gather and exchange information about the overall system and
constantly keep the state of each node and each interconnect up to date. This allows the node
managers 309 to be informed at all times about particular properties of each node and
interconnect, such as number of available CPUs per node, running services, available storage,

interconnect bandwidth, free memory, temperature, system clock rate eic.

Angcther function implemented by the node managers is module management. Module
management is similar to node management, and might include node management for a
particular module, but takes into consideration module specific aspect. Module management
focuses on module specific aspects, such as the state of interface nodes, if provided, via which
the module communicates to others. Similar to nodes, the node managers 309 monitors the

module's state in order to allow increased utilization of the module.

Resource management is another task the node managers 208 perform in the modular
computing system 200. As part of resource management they realize off-loading mechanism,
i.e. processes, which are e.g. running on a cluster module 202, might need some booster nodes
210 from the booster module 204. in such a case a node manager can spawn processes on

selected booster nodes 210, in order to run the fask in parallel.

Integrated control is another functional aspect implemented by the node managers. Integrated
control refers to the usage of information gathered by the node managers from its management
function for controlling communication and vice versa. Hence, communication function and
management function is not separate but integrated in order to further optimize the overall

system performance.

The node managers’ 209 knowledge about all different aspects of all nodes in all modules and
the status of all interconnects, intra module communication and inter module communication is
used to run the system. This allows to dynamically adjusting to changing behavior of the system

as well as to changing demand of the application running on the system.

The integrated control does not only take into consideration the aclual system state and

application demands, but also predicts upcoming requests for module or interconnect usage.

Node managers 208 can be implemented in hardware, or software, e.g. as daemon processes
running on the respective nodes. Node managers 209 constantly gather information in order to
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build a global view on modules and the entire system. Applications running on system can
benefit from this information by communication with the management function or directly with
individual node managers 209. This is realized by particular interface, which can be hardware or
an API (application programming interface).

The communication traffic of node managers 209 is strictly separated from intra and inter
module communication. This allows the intra and inter module communication to run with high
speed uninterrupted by management functions. Furthermore, system security can further be

enhanced by such separation.

The use of the actual communication network 220 is controlled by the node managers 209,
which provide such functionality to the application via message passing interface (MPI).

Node managers 209 communicate with each other using the administration network 224. The
administration network 224 can be the same or a different physical network than the physical
network used for intra and inter module communication, here referred to as communication
natwork 220. For example, the intra and inter module communication can be InfiniBand, Myrinet
etc. and the administration network can be formed by Ethernet connecting the node managers
209.

Special nodes can be inciuded in the system for providing a front-end 230 aliowing
administrative tasks or control functions to run the system. The front-end does not need to be
connected to the communication network 220, but just to the communication network 220. Via
the front-end node, which could be formed e.g. by a work station computer, a personal computer
{PC) a laptop computer or any smart computing device, the modular computing system 200 can
be administrated. Applications running on the modular computing system 200s can be
scheduled, started, stopped and monitored. This can be done by batch processing, i.e. by
executing a series of jobs on the moduiar computing system 200 without manual intervention,

hence, non-interactive.

Besides running a series of jobs on the modular computing system 200 without manual
intervention, node managers 309 may provide interactive computing, in which the application
running on the modular computing system 200 accepts input from humans as it runs. This input
may be provided via a work station computer, a personal computer (PC) a laptop computer or
any smart computing device. In such a scenario the modular computing system 200 is
accessible via e.g. the laptop computer, appearing as the laptop computer would have the

computation power of the modular computing system 200. This is very useful for real time
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applications, which must respond within a time frame that the user senses as immediate or
current. Also Big Data applications, which make voluminous amount of structured, semi
structured and unstructured data accessibie for mining information, can make use of such an
arrangement. This is also true for cloud computing services having the modular computing
system 200 as an underlying resource for the provision of computation power and storage.

Fig. 3 shows a second embodiment of a modular computing system 300 according to the
present invention. The modular computing system 300 includes a cluster module 302, a booster

module 304 and a storage module 306.

The cluster module 302 includes a plurality of cluster nodes 310 (CN). On each cluster node 310
a node manager 309 (NM) is provided, which in cooperation with other node managers 309
provides communication and management functionality to the modular computing system 300.

The cluster nodes 310 are connecied to each other via a cluster interconnect 312.

The booster moduie 304 includes a plurality of booster nodes 320 (BN). On each booster node
320 a node manager 308 is provided, which in cooperation with other node managers 309
provides communication and management functionality to the modular computing system 300.

The booster nodes 320 are connected to each other via a booster interconnect 322.

The storage module 306 includes a plurality of storage nodes 330 (SN). On each storage node
330 a node manager 308 is provided, which in cooperation with other node managers 309
provides communication and management functionality to the modular computing system 300.

The storage nodes 330 are connecled to each other via storage interconnect 332.

The cluster node may be formed by a computer having a general purpose micro processor, such
as an intel Xeon processor, memory, interfaces, such as network cards. The boosier nodes
might be formed by processing systems equipped with GPUs or many core processors, memory
and interfaces, such as network cards. The storage nodes include memory, which can be RAM
(random access memory) and non-volatile memory, such as flash memory, SSD (solid state
disk), hard disk, further the storage node includes a node controller, such as a microprocessor

and interfaces, such as network cards.

The cluster module 302 can communicate with the storage module 306 via an interface node
340 connecting the cluster interconnect 312 with the storage interconnect 332. The storage
module 306 can communicate with the booster module 304 via an interface node 342
connecting the siorage interconnect 332 with the booster interconnect 322. The booster module
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304 can communicate with the cluster module 302 via an interface node 344 connecting the

booster interconnect 322 with the cluster interconnect 312.

The cluster module 302 uses e.g. an InfiniBand interconnect, whereas the booster module 304
uses an Intel Omni-Path fabric, which is connected to the InfiniBand interconnect via the
interface node 344. Each interface node may be formed by a plurality of nodes in order to
increase performance and throughput. The same applies to the other types of moduies.

All node managers 308 provided in the various nodes 310, 310, 312 are using the same
communication infrastructure. Attached to the cluster interconnect 312 is a front-end 350 which
allows to control the entire modular computing system. The front-end 350 also includes a node

manager 309, which performs the actual communication to the other node managers 309.

In order to combine the different modules to one system a modular computing abstraction layer
{MCAL) is provided as described with reference to Fig. 1. The MCAL provides communication
functionality and management functionality. The ParaStation by ParTec Cluster Competence
Center GmbH could form a starting point for realizing MCAL having the functionality and

properties described in the following.

MCAL is implemented by the node managers 309 in each node, which can use for process to

process communication any kind of communication link provided.

As aforementioned, the node managers 309 also provide node management. Node
management is directed to the individual nodes, such as the cluster nodes 310 in a cluster
module 302, the booster nodes 320 in a booster module 304, the storage nodes 330 in a
storage module 306. The node managers 309 also have the ability to select particular nodes
depending on factors like reachability, latency or physical placement. This can be done
completely transparently to the running application. They always have overall system view and
constantly keeps the state of each node and each interconnect up to date. The node managers
309 inform each other at all times about particular properties of each node and interconnect,
such as number of available CPUs per node, running services, available storage, interconnect

bandwidth, free memory, temperature, system clock rate etc.

Another function they implement is module management. Module management is similar to
node management, and might include node management for a particular module, but takes into
consideration module specific aspect. Module management focuses on module specific aspects,
such as the state of interface nodes, if provided, via which the module communicates to others.
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The node managers 309 aiso implement process management. Each running application is
divided into a plurality of individual processes, which need to be started, distributed and
monitored. At the same time resources need to be assigned, which correspond to the need of
the process for computation power and storage. They are configured to recognize and control
dependencies between processes and their requirements. Based on this, the node managers
309 creates processes on nodes, in case of an booster module 304 or cluster module 302, or
assigns storage in case of a storage module 306. Processes are monitored and dependent
processes are treated as group, allowing to quickly responding to errors occurring in any one of
a parallel task. This aliows that processes are re-started immediately so that the overall delay for

the running application is minimized.

Resource management is another task the node managers 309 implement in the modular
computing system 300. As part of resource management they realize off-loading mechanism,
i.e. processes, which are e.g. running on a cluster moduie 302, might need socme booster nodes
320 from the booster module 304. in such a case the node manager 308 spawn processes on
selected booster nodes 320, in order to run the task in parallel.

As part of the off-loading not just one process running on one booster may be created, but
multiple processes, which are directly communicating with each other using the modules

communication fabric without the need for the host processor to interfere.

The resource management also ensures reducing memory consumption, e.g. by reducing the
number of connections between different processes. This is done by using on-demand
connections, which are only actually established, when needed. This drastically reduces
memory consumption per connection. So, not only resources such as nodes are treated in a

virtual fashion, but virtual assignment is alsc applied to physical networks.

When assigning resources, the node managers 309 do not only take into consideration the
request by one process, but other processes as well. This allows to flexibly responding to

changes of communication infrastructure based on the integrated control.

Integrated control is another functional aspect provided by the node managers 309. integrated
control refers to the usage of information gathered by the node managers from its management
function for controlling communication and vice versa. Hence, communication function and
management function is not separate but integrated in order to further optimize the overall

system performance.
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The node managers’ knowledge about all different aspects of ail nodes in all modules and the
status of all interconnects, intra module communication and inter module communication is used
to run the system. This allows to dynamically adjusting to changing behavior of the system as

well as to changing demand of the application running on the system.

The integrated control does not only take into consideration the actual system state and
application demands, but also predicts upcoming requests for module or interconnect usage.
The information of the system state is used for dynamic assignment of nodes. This includes that
the assignment of resources is done using a feedback loop registering system wide impact of
assignment decisions, so that future assignments adjust correspondingly. The system also
stores such information to improve assignment decisions for future cases, in a self-learning

fashion.

Even if the main part of application normally starts on the cluster module 302, the node
managers identify which part of the application to run on the cluster module 302 or the booster
module 304. Basis for the decision are e.g. indications by the application code itself, of the
observation of the codes performance while running. This allows adjustments {o the assignment

during the computing of the application.

Node managers 309 can be implemented in hardware, or software, e.g. as daemon processes
running on the respective nodes. Node managers 308 constantly gather information in order {o
build a global view on modules and the entire system. Applications running on system can
benefit from this information by communication with the management function or directly with
individual node managers 308. This is realized by particular interface, which can be hardware or

an API (application programming interface).

The communication traffic of node managers is strictly separated from intra and inter module
communication. This allows the intra and inter module communication to run with high speed
uninterrupted by management functions. Furthermore, system security can further be enhanced

by such separation.

The use of the actual communication network is controlled by node managers 309, which
provides such functionality to the application via message passing interface (MPI). The node
managers 309 uses an administration network (not shown). The administration network (not
shown) can be the same or a different physical network than the physical network used for intra
and inter module communication. For example, the intra and inter module communication can
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be InfiniBand, Myrinet etc. and the administration network (not shown) can be formed by
Ethernet connecting the node managers 300.

Special nodes can be included in the system for providing a front end allowing administrative
tasks or control functions to run the system. The front-end 350 does not need to be connected to
the communication network, but iust to the communication network. Via the front-end 350 node,
which could be formed e.g. by a work station computer, a personal computer (PC) a laptop
computer or any smart computing device, the modular computing system 300 can be
administrated. Applications running on the modular computing system 300s can be scheduied,
started, stopped and monitored. This can be done by batch processing, i.e. by executing a
series of jobs on the modular computing system 300 without manual intervention, hence, non-
interactive.

Besides running a series of jobs on the modular computing system 300 without manual
intervention, the node managers may provide interactive computing, in which the application
running on the modular computing system 300 accepts input from humans as it runs. This input
may be provided via a work station computer, a personal computer (PC) a laptop computer or
any smart computing device. In such a scenario the modular computing system 300 is
accessible via e.g. the laptop computer, appearing as the laptop computer would have the
computation power of the modular computing system 300. This is very useful for real time
applications, which must respond within a time frame that the user senses as immediate or
current. Also Big Data applications, which make voluminous amount of structured, semi
structured and unstructured data accessible for mining information, can make use of such an
arrangement. This is also true for cloud computing services having the modular computing

system 300 as an underlying resource for the provision of computation power and storage.
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Claims

1. A modular computing system for performing computation of application programs
including different modules, each module including a plurality of nodes, the modular
computing system further includes a modular computing abstraction layer distributed across
the nodes and providing intra- and inter-module communication and a management

function for the nodes of the different moduies.

2. The modular computing system according to claim 1, characterized in that the different

modules are formed by at least a cluster module, a booster module and a storage module.

3. The modular computing system according to claim 1 or 2, characterized in that the
modular computing abstraction layer is implemented by node managers provided in the

nodes.

4. The modular computing system according to claim 3, characterized in that the node

managers communicate with each other via an administration network.

5. The modular computing system according to any of the preceding claims, characterized

in that the plurality of nodes communicate via a communication network.

6. The modular computing system according to claim 5, characterized in that the
communication network is implemented using a shared memory communication.

7. The modular computing system according to claim 3, wherein communication between

node managers is separated from communication betrween modules.

8. The modular computing system according to claim 3, wherein the node managers
exchange information such that they each maintain a set of information about a status of

each node and each interconnect between the nodes.

9. The modular computing system according to claim 8, wherein the set of information is
used to dynamically adjust an operation of the system by assigning resources to the nodes

dependent on the set of information.
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10. A method for managing a modular computing system for performing computation
of application programs including different modules, each module having a plurality of
nodes and the modular computing system having a modular computing abstraction layer
distributed across the nodes, including the step of providing using the modular computing
abstraction layer intra- and inter-node communication and a management function for the

nodes of the different modules.

11. The method for managing a modular computing system according to claim 10,
further including node managers, further including the step of the node managers collecting
information about the status of the nodes and assigning resources to the nodes depending

on the collected status information.
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the application.
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Docket No.: 289959/55804

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of:
Thomas Lippert et al.
Application No.: 16/963,749 Confirmation No.: 6322
Filed: July 21, 2020 Art Unit: O
For: APPLICATION RUNTIME DETERMINED Examiner: Not Yet Assigned

DYNAMICAL ALLOCATION OF
HETEROGENEOUS COMPUTE RESOURCES

INFORMATION DISCLOSURE STATEMENT (IDS)

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Pursuant to 37 C.F.R. §§ 1.56, 1.97, and 1.98, the aftention of the United
States Patent and Trademark Office is hereby directed to the references listed on the
attached PTO/SB/08. It is respectfully requested that the information be expressly
considered during the prosecution of the above-identified application, and that the
references be made of record therein and appear among the “References Cited” on any

patent to issue therefrom.

This Information Disclosure Statement accompanies the new patent
application submitted herewith.

In accordance with 37 C.F.R. § 1.98(a){(2)(ii), copies of U.S. patents and U.S.
patent application publications are not submitted. Submitted herewith are copies of foreign
patents and non-patent literature in accordance with 37 C.F.R. § 1.98(a}{(2).

In accordance with 37 C.F.R. § 1.97(g), the filing of this Information
Disclosure Statement shall not be construed as a representation that a search has been
made. In accordance with 37 C.F.R. § 1.97(h), the filing of this Information Disclosure

Statement shall not be construed to be an admission that the information cited in this
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Application No.: 16/963,749 Docket No.: 29959/55804

Information Disclosure Statement is, or is considered to be, material to patentability as
defined in 37 C.F.R. § 1.56(b).

It is submitted that the Information Disclosure Statement is in compliance with
37 C.F.R. § 1.98, and the Examiner is respectfully requested to consider the listed
references.

Dated: August 12, 2020 Respectfully submitted,

By /Michael P. Furmanek, #58,495/
Michael P. Furmanek

Registration No.: 58,495
MARSHALL, GERSTEIN & BORUN LLP
233 S. Wacker Drive
6300 Willis Tower
Chicago, lllinois 60606-6357
(312) 474-6300
Attorney for Applicant
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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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
16/963,749 07/21/2020 860 29959/55804 10 2
CONFIRMATION NO. 6322
4743 FILING RECEIPT
MARSHALL, GERSTEIN & BORUN LLP
43 SOUTH WAGKER DAIVE O
6300 WILLIS TOWER

CHICAGO, IL 60606-6357
Date Mailed: 12/21/2020

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)
Thomas Lippert, Aschaffenburg, GERMANY;
Bernhard Frohwitter, Munchen, GERMANY;
Applicant(s)
Par Tec Cluster Competence Center GmbH, Miinchen, GERMANY;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/EP2019/051615 01/23/2019

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
EUROPEAN PATENT OFFICE (EPO) 18152903.3 01/23/2018

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 12/17/2020
page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/963,749

Projected Publication Date: 04/01/2021
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

APPLICATION RUNTIME DETERMINED DYNAMICAL ALLOCATION OF HETEROGENEOUS
COMPUTE RESOURCES

Preliminary Class

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,
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).

page 2 of 3
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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
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.

page 3 of 3
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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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| U.S. APPLICATION NO. FIRST NAMED INVENTOR ATTY. DOCKET NO. |
16/963,749 Thomas Lippert 29959/55804

47453 | INTERNATIONAL APPLICATION NO. |

MARSHALL, GERSTEIN & BORUN LLP PCT/EP2019/051615

233 SOUTH WACKER DRIVE LA. FILING DATE PRIORITY DATE

6300 WILLIS TOWER 01/23/2019 01/23/2018

CHICAGO, IL 60606-6357
CONFIRMATION NO. 6322

371 ACCEPTANCE LETTER

O O

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office, in its capacity as a
Designated / Elected Office (37 CFR 1.495), has ACCEPTED the above identified international application for
national patentability examination in the United States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above. A Filing Receipt will be
issued for the present application in due course. THE DATE APPEARING ON THE FILING RECEIPT AS THE
"FILING DATE or 371(c) DATE" IS THE DATE ON WHICH THE LAST OF THE 35 U.S.C. 371 (c)(1) and (c)(2)
REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE IS SHOWN BELOW. The filing date of
the above identified application is the international filing date of the international application (Article 11(3) and 35
U.S.C. 363)

07/21/2020
DATE OF RECEIPT OF 35 U.S.C.
371(c)(1) and (c)(2) REQUIREMENTS

The following items have been received:

+ Indication of Small Entity Status

+ Copy of the International Application filed on 07/21/2020

+ Copy of the International Search Report filed on 07/21/2020
* Preliminary Amendments filed on 07/21/2020

+ Information Disclosure Statements filed on 07/21/2020

+ U.S. Basic National Fees filed on 07/21/2020

+ Authorize Access to Search Results filed on 07/21/2020

* Priority Documents filed on 07/21/2020

+ Authorization to Permit Access filed on 07/21/2020

+ Application Data Sheet (37 CFR 1.76) filed on 07/21/2020

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.495(c).

+ Properly executed inventor's oath or declaration for the following inventor(s) has not been submitted: Thomas
Lippert and Bernhard Frohwitter

page 1 of 2

FORM PCT/DO/EO/903 (371 Acceptance Notice)
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

CHARITTA S FLETCHER

Telephone: (571) 272-3926

page 2 of 2

FORM PCT/DO/EO/903 (371 Acceptance Notice)
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/963,749
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 OFR 1.16(a), (5), or (6)) N/A N/A N/A 160 N/A
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A 270 N/A
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A 400 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 10 minus 20= 50 - 0.00 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 2 minus 3 = 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($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR =
% Independent * Minus | *** = ~ 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(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "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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MULTIPLE DEPENDENT CLAIM
FEE CALCULATION SHEET

Substitute for Form PTO-1360
(For use with Form PTO/SB/06)

Application Number

16963749

Filing Date

Applicant(s) Thomas Llppe rt

* May be used for additional claims or amendments

CLAIMS AS FILED AFTER FIRST AFTER SECOND * * *
AMENDMENT AMENDMENT
Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend

1 1 1 51
2 1 1 52
3 1 1 53
4 3 1 54
5 2 1 55
6 (1) 1 56
7 (1) 1 57
8 1 1 58
9 1 1 59
10 1 1 60
11 61
12 62
13 63
14 64
15 65
16 66
17 67
18 68
19 69
20 70
21 71
22 72
23 73
24 74
25 75
26 76
27 77
28 78
29 79
30 80
31 81
32 82
33 83
34 84
35 85
36 86
37 87
38 88
39 89
40 90
41 91
42 92
43 93
44 94
45 95
46 96
47 97
48 98
49 99
50 100

Total Indep 2 2 0

- T ‘J g ‘J o ‘J

Depend

N N N
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Docket No.: 29959/55804
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Thomas Lippert et al.

Application No.: 16/963,749 Confirmation No.: 6322
Filed: July 21, 2020 Art Unit: O
For: APPLICATION RUNTIME DETERMINED Examiner: D. G. Muller

DYNAMICAL ALLOCATION OF
HETEROGENEOUS COMPUTE RESOURCES

REQUEST FOR CORRECTED FILING RECEIPT

Office of Initial Patent Examination's Filing Receipt Corrections
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Applicant hereby requests that a corrected Filing Receipt be issued in the
above-identified patent application. The official Filing Receipt received by Applicant, an
annotated copy of which is attached hereto, has an error in the Applicant name, where there

is a space in-between “ParTec” as follows:

By AT SR T P e e ey
GF LOMDEENGD Lo

should read

A T U S RN S i v SN aenden e ST evv il R S e e e
AT e €T IATOT L IONTVINIAA AN L Ity LAY Ndimeniaany fan
FUERT T W N OO NG DIRSTIANNY BT NS TOE AT RER TS, WA I, N3N

Applicant additionally requests that all pertinent U.S. Patent and Trademark
Office records relating to the subject application be changed to reflect this correction.

Applicant believes no fee is due with this request.
Dated: March 4, 2021 Respectfully submitted,

By /Michael P. Furmanek, #58,495/
Michael P. Furmanek

Registration No.: 58,495
MARSHALL, GERSTEIN & BORUN LLP
233 S. Wacker Drive
6300 Willis Tower
Chicago, lllinois 60606-6357
(312) 474-6300
Attorney for Applicant
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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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
16/963,749 07/21/2020 860 29959/55804 10 2
CONFIRMATION NO. 6322
4743 FILING RECEIPT
MARSHALL, GERSTEIN & BORUN LLP
43 SOUTH WAGKER DAIVE O
6300 WILLIS TOWER

CHICAGO, IL 60606-6357
Date Mailed: 12/21/2020

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)
Thomas Lippert, Aschaffenburg, GERMANY;
Bernhard Frohwitter, Munchen, GERMANY;
Applicant(s)
“ar Teo Cluster Competence Center GmbH, Munchen GERMANY;

P H
seley Compalanos Dantar GmbH, Minchen, GERMANY

Power of Attorney None

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/EP2019/051615 01/23/2019

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
EUROPEAN PATENT OFFICE (EPO) 18152903.3 01/23/2018

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 12/17/2020
page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/963,749

Projected Publication Date: 04/01/2021
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

APPLICATION RUNTIME DETERMINED DYNAMICAL ALLOCATION OF HETEROGENEOUS
COMPUTE RESOURCES

Preliminary Class

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,
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).

page 2 of 3
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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
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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Electronic Acknowledgement Receipt

EFS ID: 42094376
Application Number: 16963749
International Application Number:
Confirmation Number: 6322

Title of Invention:

HETEROGENEOUS COMPUTE RESOURCES

APPLICATION RUNTIME DETERMINED DYNAMICAL ALLOCATION OF

First Named Inventor/Applicant Name:

Thomas Lippert

Customer Number:

4743

Filer:

Michael Paul Furmanek./Araceli Hernandez

Filer Authorized By:

Michael Paul Furmanek.

Attorney Docket Number: 29959/55804
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/963,749

Projected Publication Date: 04/01/2021
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

APPLICATION RUNTIME DETERMINED DYNAMICAL ALLOCATION OF HETEROGENEOUS
COMPUTE RESOURCES

Preliminary Class
718
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,
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).
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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
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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Title:APPLICATION RUNTIME DETERMINED DYNAMICAL ALLOCATION OF HETEROGENEOUS COMPUTE
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Publication No.US-2021-0096923-A1
Publication Date:04/01/2021

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
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Application No. Applicant(s)

16/963,749 Lippert et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
SISLEY N KIM 2196 Yes

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 07/21/2020.
03 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ¥ This action is non-final.

3)(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.

4)[0) Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parre Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-10 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s) ____is/are allowed.
7) Claim(s) 1-10 is/are rejected.
8) [ Claim(s) ____is/are objected to.
9) J Claim(s) are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(1] The specification is objected to by the Examiner.
11)[@ The drawing(s) filed on 07/21/2020 is/are: a)l¥] accepted or b){] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)[¥) Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)v All b)(J Some**  ¢)(J None of the:
1. Certified copies of the priority documents have been received.
2.(J Certified copies of the priority documents have been received in Application No.

3.00 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) (] Other:

Paper No(s)/Mail Date 08/12/2020,

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20211023
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Application/Control Number: 16/963,749 Page 2
Art Unit: 2196

Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

CLAIM INTERPRETATION

2. The following is a quotation of 35 U.S.C. 112(f):

(f) Element in Claim for a Combination. — An element in a claim for a combination may be
expressed as a means or step for performing a specified function without the recital of
structure, material, or acts in support thereof, and such claim shall be construed to cover the
corresponding structure, material, or acts described in the specification and equivalents
thereof.

3. The following is a quotation of pre-AlA 35 U.S.C. 112, sixth paragraph:

An element in a claim for a combination may be expressed as a means or step for performing
a specified function without the recital of structure, material, or acts in support thereof, and
such claim shall be construed to cover the corresponding structure, material, or acts
described in the specification and equivalents thereof.

4. This application includes one or more claim limitations that do not use the word
“means,” but are nonetheless being interpreted under 35 U.S.C. 112(f) or pre-AlA 35
U.S.C. 112, sixth paragraph, because the claim limitation(s) uses a generic placeholder
that is coupled with functional language without reciting sufficient structure to perform
the recited function and the generic placeholder is not preceded by a structural modifier.
Such claim limitation(s) is/are: “a plurality of computation nodes, a plurality of booster
nodes, communication interface, resource manager, and application manager” in claim
9.

Because this/these claim limitation(s) is/are being interpreted under 35 U.S.C.
112(f) or pre-AlA 35 U.S.C. 112, sixth paragraph, it/they is/are being interpreted to
cover the corresponding structure described in the specification as performing the

claimed function, and equivalents thereof.
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If applicant does not intend to have this/these limitation(s) interpreted under 35
U.S.C. 112(f) or pre-AlA 35 U.S.C. 112, sixth paragraph, applicant may: (1) amend the
claim limitation(s) to avoid it/them being interpreted under 35 U.S.C. 112(f) or pre-AlA
35 U.S.C. 112, sixth paragraph (e.g., by reciting sufficient structure to perform the
claimed function); or (2) present a sufficient showing that the claim limitation(s) recite(s)
sufficient structure to perform the claimed function so as to avoid it/them being

interpreted under 35 U.S.C. 112(f) or pre-AlA 35 U.S.C. 112, sixth paragraph.

Claim Rejections - 35 USC § 102
5. In the event the determination of the status of the application as subject to AlA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any
correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.
6. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

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

A person shall be entitled to a patent unless -
(a)(1) the claimed invention was patented, described in a printed publication, or in public use, on sale
or otherwise available to the public before the effective filing date of the claimed invention.

7. Claims 1-10 are rejected under 35 U.S.C. 102(a)(1) as being anticipated by

Driesen et al. (US 2012/0317168, hereinafter Driesen).

Regarding claim 1, Driesen discloses

A method of operating a heterogeneous computing system comprising a

plurality of computation nodes and a plurality of booster nodes, at least one of
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the plurality of computation nodes and plurality of booster nodes (Fig. 2,
paragraph [0067]: FIG. 2 shows a computer cluster arrangement comprising a cluster C
as well as a booster group BG. The cluster comprises in the present embodiment four
computation nodes, also referred as CN, as well as three boosters, also referred to as
B) being arranged to compute a computation task, the computation task
comprising a plurality of sub-tasks, wherein in a first computing iteration, the
plurality of sub-tasks are assigned to and processed by ones of the plurality of
computation nodes and booster nodes in a first distribution (paragraph [0091]: In a
first step 100 at least the first part of a computation task is computed by at least two of
the plurality of computation nodes CN, each computation node CN interfacing a
communication infrastructure IN. Furthermore, computing of at least a second part of
the computation task in step 101 by at least one booster B is performed, each booster B
interfacing the communication infrastructure IN); and

information relating to the processing of the plurality of sub-tasks by the
plurality of computation nodes and booster nodes is used to generate a further
distribution of the sub- tasks between the computation nodes and booster node
for processing thereby in a further computing iteration (paragraph [0091]: at least
one booster B to one of the plurality of computation nodes CN in step 102 by a resource
manager RM, for computation of the second part of the computation task is performed.
As the right arrow in FIG. 4 indicates the control flow may point back to step 100. After
assigning at least one booster B to at least one of the plurality of computation nodes CN
in step 102 the assignment can be communicated to a computation node CN, which

uses the transmitted assignment in further outsourcing steps. Hence, computing at least
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a second part of the computation task is performed in step 101 as a function of the
assignment step 102; paragraph [0093]: Step 102 may comprise sub steps such as
returning the computed at least second part of the computation task back to the
computation node CN. Hence, the booster B returns the computed result back to the
computation nodes CN. The computation nodes CN may use the returned value for
computation of further computation tasks and may again forward at least a further part

of a computation task to at least one of the boosters B).

Regarding claim 2, Driesen discloses

wherein an application manager receives the information and determines
the further distribution (paragraph [0097]: For doing so the resource manager RM
may access the assignment metric, which may be stored in a database DB or any kind
of data source. The resource manager RM is arranged to update the assignment metric,
which can be performed under usage of a database management system. The
database DB can be implemented as any kind of storage. It may for instance be

implemented as a table, a register or a cache).

Regarding claim 3, Driesen discloses

wherein a resource manager (paragraph [0097]: the resource manager RM is
arranged to evaluate the resource capacities of the booster B and performs the
assignment, which means the selection of the booster B, as a function of the evaluated
resource capacities of each of the boosters B) determines the assighment of tasks

and sub-tasks to the computation nodes and booster nodes for the first iteration
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as a function of the computation task (paragraph [0091]: In a first step 100 at least
the first part of a computation task is computed by at least two of the plurality of
computation nodes CN, each computation node CN interfacing a communication
infrastructure IN. Furthermore, computing of at least a second part of the computation
task in step 101 by at least one booster B is performed, each booster B interfacing the
communication infrastructure IN) and wherein the application manager receives the
information and processes it as input to the resource manager (paragraph [0097]:
For doing so the resource manager RM may access the assignment metric, which may
be stored in a database DB or any kind of data source. The resource manager RM is
arranged to update the assignment metric, which can be performed under usage of a
database management system. The database DB can be implemented as any kind of
storage. It may for instance be implemented as a table, a register or a cache) such that
the resource manager dynamically alters further distribution during the
computing of the computation task (paragraph [0091]: at least one booster B to one
of the plurality of computation nodes CN in step 102 by a resource manager RM, for
computation of the second part of the computation task is performed. As the right arrow
in FIG. 4 indicates the control flow may point back to step 100. After assigning at least
one booster B to at least one of the plurality of computation nodes CN in step 102 the
assignment can be communicated to a computation node CN, which uses the
transmitted assignment in further outsourcing steps. Hence, computing at least a
second part of the computation task is performed in step 101 as a function of the
assignment step 102; paragraph [0093]: Step 102 may comprise sub steps such as

returning the computed at least second part of the computation task back to the
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computation node CN. Hence, the booster B returns the computed result back to the
computation nodes CN. The computation nodes CN may use the returned value for
computation of further computation tasks and may again forward at least a further part

of a computation task to at least one of the boosters B).

Regarding claim 4, Driesen discloses

wherein the resource manager (paragraph [0097]: the resource manager RM is
arranged to evaluate the resource capacities of the booster B and performs the
assignment, which means the selection of the booster B, as a function of the evaluated
resource capacities of each of the boosters B) receives the information such that the
resource manager dynamically alters assignment of the computation nodes and
booster nodes to each other during the computation of the computation task
(paragraph [0091]: at least one booster B to one of the plurality of computation nodes
CN in step 102 by a resource manager RM, for computation of the second part of the
computation task is performed. As the right arrow in FIG. 4 indicates the control flow
may point back to step 100. After assigning at least one booster B to at least one of the
plurality of computation nodes CN in step 102 the assignment can be communicated to
a computation node CN, which uses the transmitted assignment in further outsourcing
steps. Hence, computing at least a second part of the computation task is performed in
step 101 as a function of the assignment step 102; paragraph [0093]: Step 102 may
comprise sub steps such as returning the computed at least second part of the
computation task back to the computation node CN. Hence, the booster B returns the

computed result back to the computation nodes CN. The computation nodes CN may
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use the returned value for computation of further computation tasks and may again

forward at least a further part of a computation task to at least one of the boosters B).

Regarding claim 5, Driesen discloses

wherein daemons operate in the computation nodes and the booster nodes
(paragraph [0036]: a computer program being configured for accomplishing the
introduced method; paragraph [0069]: For communication between boosters and
computation nodes an application programming interface, also referred to as API, can
be provided. The boosters B may be controlled transparently by the computation nodes
through the respective API function calls) to generate the information (paragraph
[0091]: at least one booster B to one of the plurality of computation nodes CN in step
102 by a resource manager RM, for computation of the second part of the computation
task is performed. As the right arrow in FIG. 4 indicates the control flow may point back
to step 100. After assigning at least one booster B to at least one of the plurality of
computation nodes CN in step 102 the assignment can be communicated to a
computation node CN, which uses the transmitted assignment in further outsourcing
steps. Hence, computing at least a second part of the computation task is performed in
step 101 as a function of the assignment step 102; paragraph [0093]: Step 102 may
comprise sub steps such as returning the computed at least second part of the
computation task back to the computation node CN. Hence, the booster B returns the
computed result back to the computation nodes CN. The computation nodes CN may
use the returned value for computation of further computation tasks and may again

forward at least a further part of a computation task to at least one of the boosters B).

Page 131 of 198



Application/Control Number: 16/963,749 Page 9
Art Unit: 2196

Regarding claim 6, Driesen discloses

wherein the first distribution is determined based on a rating provided in
source code for each sub-task (paragraph [0084]: the distinction between highly
scalable and complex is made on the level of code blocks, and we introduce the notions
Exascale Code Blocks (ECB) and complex Code Blocks (CCB); paragraph [0085]: For
such problems, where a decent balance between ECBs and CCBs is given in terms of
the relative amounts of memory (i.e., the degrees of freedom handled in of the relative
amounts of memory, i.e., the degrees of freedom handled in of ECB vs. the CCB),
execution times and data to be exchanged, it suggests itself to adapt to this situation by
means of a specific architectural solution. The solution consisting of a traditional cluster
computer approach along with an Exascale booster with tightly connected boosters and
being connected with a cluster through the cluster's network. This dualistic approach
has the potential to widen the anticipated narrow application field of pure Exascale
systems substantially; paragraph [0086]: A coarse-grained architectural model emerges,
where the highly scalable parts or ECBs of an application code are executed on a
parallel many-core architecture, which is accessed dynamically, while the CCBs are
executed on a traditional cluster system suitable dimensioned, including the connectivity

along with a refined dynamical resource allocation system).

Regarding claim 7, Driesen discloses

wherein the information is used to provide a grouping of sub-tasks in at

least one of the first and second iterations (paragraph [0091]: at least one booster B
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to one of the plurality of computation nodes CN in step 102 by a resource manager RM,
for computation of the second part of the computation task is performed. As the right
arrow in FIG. 4 indicates the control flow may point back to step 100. After assigning at
least one booster B to at least one of the plurality of computation nodes CN in step 102
the assignment can be communicated to a computation node CN, which uses the
transmitted assignment in further outsourcing steps. Hence, computing at least a
second part of the computation task is performed in step 101 as a function of the
assignment step 102; paragraph [0093]: Step 102 may comprise sub steps such as
returning the computed at least second part of the computation task back to the
computation node CN. Hence, the booster B returns the computed result back to the
computation nodes CN. The computation nodes CN may use the returned value for
computation of further computation tasks and may again forward at least a further part

of a computation task to at least one of the boosters B).

Regarding claim 8, Driesen discloses

wherein a daemon (paragraph [0036]: a computer program being configured for
accomplishing the introduced method; paragraph [0069]: For communication between
boosters and computation nodes an application programming interface, also referred to
as API, can be provided. The boosters B may be controlled transparently by the
computation nodes through the respective API function calls) operating at a node
generates a measure of a loading of the node during processing of a sub-task
(paragraph [0017]: The assignment metric may be managed by a resource manager.

Managing the assignment metric refers to establishing and updating rules naming at
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least one booster, which is assigned to at least one further named computation node.
Hence, it is possible to update the assignment metric at runtime. Such assignment rules
may be created as a function of a load balancing, which detects workload of the

computer cluster arrangement, especially of the boosters).

Regarding claim 9, Driesen discloses

A heterogeneous computing system comprising a plurality of computation
nodes and a plurality of booster nodes (Fig. 2, paragraph [0067]: FIG. 2 shows a
computer cluster arrangement comprising a cluster C as well as a booster group BG.
The cluster comprises in the present embodiment four computation nodes, also referred
as CN, as well as three boosters, also referred to as B) for computing one or more
tasks comprising multiple sub-tasks (paragraph [0091]: In a first step 100 at least the
first part of a computation task is computed by at least two of the plurality of
computation nodes CN, each computation node CN interfacing a communication
infrastructure IN. Furthermore, computing of at least a second part of the computation
task in step 101 by at least one booster B is performed, each booster B interfacing the
communication infrastructure IN), a communication interface connecting the
computation nodes with each other and the booster nodes (Fig. 2, 3, 8 IN),
wherein the system comprises a resource manager for assigning booster nodes
and computation nodes to each other for the computing of the tasks (paragraph
[0097]: the resource manager RM is arranged to evaluate the resource capacities of the
booster B and performs the assignment, which means the selection of the booster B, as

a function of the evaluated resource capacities of each of the boosters B) and wherein
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the system further comprises an application manager, the application manager
being arranged to receive information from daemons operating in the
computation nodes and booster nodes to update (paragraph [0097]: For doing so
the resource manager RM may access the assignment metric, which may be stored in a
database DB or any kind of data source. The resource manager RM is arranged to
update the assignment metric, which can be performed under usage of a database
management system. The database DB can be implemented as any kind of storage. It
may for instance be implemented as a table, a register or a cache) a distribution of the
sub-tasks between the computation nodes and the booster nodes for a further
computing iteration (paragraph [0091]: at least one booster B to one of the plurality of
computation nodes CN in step 102 by a resource manager RM, for computation of the
second part of the computation task is performed. As the right arrow in FIG. 4 indicates
the control flow may point back to step 100. After assigning at least one booster B to at
least one of the plurality of computation nodes CN in step 102 the assignment can be
communicated to a computation node CN, which uses the transmitted assignment in
further outsourcing steps. Hence, computing at least a second part of the computation
task is performed in step 101 as a function of the assignment step 102; paragraph
[0093]: Step 102 may comprise sub steps such as returning the computed at least
second part of the computation task back to the computation node CN. Hence, the
booster B returns the computed result back to the computation nodes CN. The
computation nodes CN may use the returned value for computation of further
computation tasks and may again forward at least a further part of a computation task to

at least one of the boosters B).
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Regarding claim 10, Driesen discloses

wherein the resource manager receives the information (paragraph [0097]:
For doing so the resource manager RM may access the assignment metric, which may
be stored in a database DB or any kind of data source. The resource manager RM is
arranged to update the assignment metric, which can be performed under usage of a
database management system. The database DB can be implemented as any kind of
storage. It may for instance be implemented as a table, a register or a cache) such that
the resource manager dynamically alters assignment of the computation nodes
and booster nodes to each other (paragraph [0091]: at least one booster B to one of
the plurality of computation nodes CN in step 102 by a resource manager RM, for
computation of the second part of the computation task is performed. As the right arrow
in FIG. 4 indicates the control flow may point back to step 100. After assigning at least
one booster B to at least one of the plurality of computation nodes CN in step 102 the
assignment can be communicated to a computation node CN, which uses the
transmitted assignment in further outsourcing steps. Hence, computing at least a
second part of the computation task is performed in step 101 as a function of the
assignment step 102; paragraph [0093]: Step 102 may comprise sub steps such as
returning the computed at least second part of the computation task back to the
computation node CN. Hence, the booster B returns the computed result back to the
computation nodes CN. The computation nodes CN may use the returned value for
computation of further computation tasks and may again forward at least a further part

of a computation task to at least one of the boosters B).
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Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to SISLEY KIM whose telephone number is (571)270-
7832. The examiner can normally be reached on 9:30 A.M - 6:30 P.M.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Emerson Puente can be reached on (571)272-3652. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.
Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either Private PAIR or Public PAIR. Status
information for unpublished applications is available through Private PAIR only. For

more information about the PAIR system, see hiip:/pair-diractusplo.goey. Should you

have questions on access to the Private PAIR system, contact the Electronic Business
Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO
Customer Service Representative or access to the automated information system, call
800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/SISLEY N KIM/

Primary Examiner, Art Unit 2196
10/16/2021
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Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

CLAIM INTERPRETATION

2. The following is a quotation of 35 U.S.C. 112(f):

(f) Element in Claim for a Combination. — An element in a claim for a combination may be
expressed as a means or step for performing a specified function without the recital of
structure, material, or acts in support thereof, and such claim shall be construed to cover the
corresponding structure, material, or acts described in the specification and equivalents
thereof.

3. The following is a quotation of pre-AlA 35 U.S.C. 112, sixth paragraph:

An element in a claim for a combination may be expressed as a means or step for performing
a specified function without the recital of structure, material, or acts in support thereof, and
such claim shall be construed to cover the corresponding structure, material, or acts
described in the specification and equivalents thereof.

4. This application includes one or more claim limitations that do not use the word
“means,” but are nonetheless being interpreted under 35 U.S.C. 112(f) or pre-AlA 35
U.S.C. 112, sixth paragraph, because the claim limitation(s) uses a generic placeholder
that is coupled with functional language without reciting sufficient structure to perform
the recited function and the generic placeholder is not preceded by a structural modifier.
Such claim limitation(s) is/are: “a plurality of computation nodes, a plurality of booster
nodes, communication interface, resource manager, and application manager” in claim
9.

Because this/these claim limitation(s) is/are being interpreted under 35 U.S.C.
112(f) or pre-AlA 35 U.S.C. 112, sixth paragraph, it/they is/are being interpreted to
cover the corresponding structure described in the specification as performing the

claimed function, and equivalents thereof.
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If applicant does not intend to have this/these limitation(s) interpreted under 35
U.S.C. 112(f) or pre-AlA 35 U.S.C. 112, sixth paragraph, applicant may: (1) amend the
claim limitation(s) to avoid it/them being interpreted under 35 U.S.C. 112(f) or pre-AlA
35 U.S.C. 112, sixth paragraph (e.g., by reciting sufficient structure to perform the
claimed function); or (2) present a sufficient showing that the claim limitation(s) recite(s)
sufficient structure to perform the claimed function so as to avoid it/them being

interpreted under 35 U.S.C. 112(f) or pre-AlA 35 U.S.C. 112, sixth paragraph.

Claim Rejections - 35 USC § 102
5. In the event the determination of the status of the application as subject to AlA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any
correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.
6. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

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

A person shall be entitled to a patent unless -
(a)(1) the claimed invention was patented, described in a printed publication, or in public use, on sale
or otherwise available to the public before the effective filing date of the claimed invention.

7. Claims 1-10 are rejected under 35 U.S.C. 102(a)(1) as being anticipated by

Lippert et al. (US 2013/0282787, hereinafter Lippert).

Regarding claim 1, Lippert discloses

A method of operating a heterogeneous computing system comprising a

plurality of computation nodes and a plurality of booster nodes, at least one of
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the plurality of computation nodes and plurality of booster nodes (Fig. 2,
paragraph [0067]: FIG. 2 shows a computer cluster arrangement comprising a cluster C
as well as a booster group BG. The cluster comprises in the present embodiment four
computation nodes, also referred as CN, as well as three boosters, also referred to as
B) being arranged to compute a computation task, the computation task
comprising a plurality of sub-tasks, wherein in a first computing iteration, the
plurality of sub-tasks are assigned to and processed by ones of the plurality of
computation nodes and booster nodes in a first distribution (paragraph [0091]: In a
first step 100 at least the first part of a computation task is computed by at least two of
the plurality of computation nodes CN, each computation node CN interfacing a
communication infrastructure IN. Furthermore, computing of at least a second part of
the computation task in step 101 by at least one booster B is performed, each booster B
interfacing the communication infrastructure IN); and

information relating to the processing of the plurality of sub-tasks by the
plurality of computation nodes and booster nodes is used to generate a further
distribution of the sub- tasks between the computation nodes and booster node
for processing thereby in a further computing iteration (paragraph [0091]: at least
one booster B to one of the plurality of computation nodes CN in step 102 by a resource
manager RM, for computation of the second part of the computation task is performed.
As the right arrow in FIG. 4 indicates the control flow may point back to step 100. After
assigning at least one booster B to at least one of the plurality of computation nodes CN
in step 102 the assignment can be communicated to a computation node CN, which

uses the transmitted assignment in further outsourcing steps. Hence, computing at least
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a second part of the computation task is performed in step 101 as a function of the
assignment step 102; paragraph [0093]: Step 102 may comprise sub steps such as
returning the computed at least second part of the computation task back to the
computation node CN. Hence, the booster B returns the computed result back to the
computation nodes CN. The computation nodes CN may use the returned value for
computation of further computation tasks and may again forward at least a further part

of a computation task to at least one of the boosters B).

Regarding claim 2, Lippert discloses

wherein an application manager receives the information and determines
the further distribution (paragraph [0097]: For doing so the resource manager RM
may access the assignment metric, which may be stored in a database DB or any kind
of data source. The resource manager RM is arranged to update the assignment metric,
which can be performed under usage of a database management system. The
database DB can be implemented as any kind of storage. It may for instance be

implemented as a table, a register or a cache).

Regarding claim 3, Lippert discloses

wherein a resource manager (paragraph [0097]: the resource manager RM is
arranged to evaluate the resource capacities of the booster B and performs the
assignment, which means the selection of the booster B, as a function of the evaluated
resource capacities of each of the boosters B) determines the assighment of tasks

and sub-tasks to the computation nodes and booster nodes for the first iteration
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as a function of the computation task (paragraph [0091]: In a first step 100 at least
the first part of a computation task is computed by at least two of the plurality of
computation nodes CN, each computation node CN interfacing a communication
infrastructure IN. Furthermore, computing of at least a second part of the computation
task in step 101 by at least one booster B is performed, each booster B interfacing the
communication infrastructure IN) and wherein the application manager receives the
information and processes it as input to the resource manager (paragraph [0097]:
For doing so the resource manager RM may access the assignment metric, which may
be stored in a database DB or any kind of data source. The resource manager RM is
arranged to update the assignment metric, which can be performed under usage of a
database management system. The database DB can be implemented as any kind of
storage. It may for instance be implemented as a table, a register or a cache) such that
the resource manager dynamically alters further distribution during the
computing of the computation task (paragraph [0091]: at least one booster B to one
of the plurality of computation nodes CN in step 102 by a resource manager RM, for
computation of the second part of the computation task is performed. As the right arrow
in FIG. 4 indicates the control flow may point back to step 100. After assigning at least
one booster B to at least one of the plurality of computation nodes CN in step 102 the
assignment can be communicated to a computation node CN, which uses the
transmitted assignment in further outsourcing steps. Hence, computing at least a
second part of the computation task is performed in step 101 as a function of the
assignment step 102; paragraph [0093]: Step 102 may comprise sub steps such as

returning the computed at least second part of the computation task back to the
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computation node CN. Hence, the booster B returns the computed result back to the
computation nodes CN. The computation nodes CN may use the returned value for
computation of further computation tasks and may again forward at least a further part

of a computation task to at least one of the boosters B).

Regarding claim 4, Lippert discloses

wherein the resource manager (paragraph [0097]: the resource manager RM is
arranged to evaluate the resource capacities of the booster B and performs the
assignment, which means the selection of the booster B, as a function of the evaluated
resource capacities of each of the boosters B) receives the information such that the
resource manager dynamically alters assignment of the computation nodes and
booster nodes to each other during the computation of the computation task
(paragraph [0091]: at least one booster B to one of the plurality of computation nodes
CN in step 102 by a resource manager RM, for computation of the second part of the
computation task is performed. As the right arrow in FIG. 4 indicates the control flow
may point back to step 100. After assigning at least one booster B to at least one of the
plurality of computation nodes CN in step 102 the assignment can be communicated to
a computation node CN, which uses the transmitted assignment in further outsourcing
steps. Hence, computing at least a second part of the computation task is performed in
step 101 as a function of the assignment step 102; paragraph [0093]: Step 102 may
comprise sub steps such as returning the computed at least second part of the
computation task back to the computation node CN. Hence, the booster B returns the

computed result back to the computation nodes CN. The computation nodes CN may
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use the returned value for computation of further computation tasks and may again

forward at least a further part of a computation task to at least one of the boosters B).

Regarding claim 5, Lippert discloses

wherein daemons operate in the computation nodes and the booster nodes
(paragraph [0036]: a computer program being configured for accomplishing the
introduced method; paragraph [0069]: For communication between boosters and
computation nodes an application programming interface, also referred to as API, can
be provided. The boosters B may be controlled transparently by the computation nodes
through the respective API function calls) to generate the information (paragraph
[0091]: at least one booster B to one of the plurality of computation nodes CN in step
102 by a resource manager RM, for computation of the second part of the computation
task is performed. As the right arrow in FIG. 4 indicates the control flow may point back
to step 100. After assigning at least one booster B to at least one of the plurality of
computation nodes CN in step 102 the assignment can be communicated to a
computation node CN, which uses the transmitted assignment in further outsourcing
steps. Hence, computing at least a second part of the computation task is performed in
step 101 as a function of the assignment step 102; paragraph [0093]: Step 102 may
comprise sub steps such as returning the computed at least second part of the
computation task back to the computation node CN. Hence, the booster B returns the
computed result back to the computation nodes CN. The computation nodes CN may
use the returned value for computation of further computation tasks and may again

forward at least a further part of a computation task to at least one of the boosters B).
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Regarding claim 6, Lippert discloses

wherein the first distribution is determined based on a rating provided in
source code for each sub-task (paragraph [0084]: the distinction between highly
scalable and complex is made on the level of code blocks, and we introduce the notions
Exascale Code Blocks (ECB) and complex Code Blocks (CCB); paragraph [0085]: For
such problems, where a decent balance between ECBs and CCBs is given in terms of
the relative amounts of memory (i.e., the degrees of freedom handled in of the relative
amounts of memory, i.e., the degrees of freedom handled in of ECB vs. the CCB),
execution times and data to be exchanged, it suggests itself to adapt to this situation by
means of a specific architectural solution. The solution consisting of a traditional cluster
computer approach along with an Exascale booster with tightly connected boosters and
being connected with a cluster through the cluster's network. This dualistic approach
has the potential to widen the anticipated narrow application field of pure Exascale
systems substantially; paragraph [0086]: A coarse-grained architectural model emerges,
where the highly scalable parts or ECBs of an application code are executed on a
parallel many-core architecture, which is accessed dynamically, while the CCBs are
executed on a traditional cluster system suitable dimensioned, including the connectivity

along with a refined dynamical resource allocation system).

Regarding claim 7, Lippert discloses

wherein the information is used to provide a grouping of sub-tasks in at

least one of the first and second iterations (paragraph [0091]: at least one booster B
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to one of the plurality of computation nodes CN in step 102 by a resource manager RM,
for computation of the second part of the computation task is performed. As the right
arrow in FIG. 4 indicates the control flow may point back to step 100. After assigning at
least one booster B to at least one of the plurality of computation nodes CN in step 102
the assignment can be communicated to a computation node CN, which uses the
transmitted assignment in further outsourcing steps. Hence, computing at least a
second part of the computation task is performed in step 101 as a function of the
assignment step 102; paragraph [0093]: Step 102 may comprise sub steps such as
returning the computed at least second part of the computation task back to the
computation node CN. Hence, the booster B returns the computed result back to the
computation nodes CN. The computation nodes CN may use the returned value for
computation of further computation tasks and may again forward at least a further part

of a computation task to at least one of the boosters B).

Regarding claim 8, Lippert discloses

wherein a daemon (paragraph [0036]: a computer program being configured for
accomplishing the introduced method; paragraph [0069]: For communication between
boosters and computation nodes an application programming interface, also referred to
as API, can be provided. The boosters B may be controlled transparently by the
computation nodes through the respective API function calls) operating at a node
generates a measure of a loading of the node during processing of a sub-task
(paragraph [0017]: The assignment metric may be managed by a resource manager.

Managing the assignment metric refers to establishing and updating rules naming at
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least one booster, which is assigned to at least one further named computation node.
Hence, it is possible to update the assignment metric at runtime. Such assignment rules
may be created as a function of a load balancing, which detects workload of the

computer cluster arrangement, especially of the boosters).

Regarding claim 9, Lippert discloses

A heterogeneous computing system comprising a plurality of computation
nodes and a plurality of booster nodes (Fig. 2, paragraph [0067]: FIG. 2 shows a
computer cluster arrangement comprising a cluster C as well as a booster group BG.
The cluster comprises in the present embodiment four computation nodes, also referred
as CN, as well as three boosters, also referred to as B) for computing one or more
tasks comprising multiple sub-tasks (paragraph [0091]: In a first step 100 at least the
first part of a computation task is computed by at least two of the plurality of
computation nodes CN, each computation node CN interfacing a communication
infrastructure IN. Furthermore, computing of at least a second part of the computation
task in step 101 by at least one booster B is performed, each booster B interfacing the
communication infrastructure IN), a communication interface connecting the
computation nodes with each other and the booster nodes (Fig. 2, 3, 8 IN),
wherein the system comprises a resource manager for assigning booster nodes
and computation nodes to each other for the computing of the tasks (paragraph
[0097]: the resource manager RM is arranged to evaluate the resource capacities of the
booster B and performs the assignment, which means the selection of the booster B, as

a function of the evaluated resource capacities of each of the boosters B) and wherein
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the system further comprises an application manager, the application manager
being arranged to receive information from daemons operating in the
computation nodes and booster nodes to update (paragraph [0097]: For doing so
the resource manager RM may access the assignment metric, which may be stored in a
database DB or any kind of data source. The resource manager RM is arranged to
update the assignment metric, which can be performed under usage of a database
management system. The database DB can be implemented as any kind of storage. It
may for instance be implemented as a table, a register or a cache) a distribution of the
sub-tasks between the computation nodes and the booster nodes for a further
computing iteration (paragraph [0091]: at least one booster B to one of the plurality of
computation nodes CN in step 102 by a resource manager RM, for computation of the
second part of the computation task is performed. As the right arrow in FIG. 4 indicates
the control flow may point back to step 100. After assigning at least one booster B to at
least one of the plurality of computation nodes CN in step 102 the assignment can be
communicated to a computation node CN, which uses the transmitted assignment in
further outsourcing steps. Hence, computing at least a second part of the computation
task is performed in step 101 as a function of the assignment step 102; paragraph
[0093]: Step 102 may comprise sub steps such as returning the computed at least
second part of the computation task back to the computation node CN. Hence, the
booster B returns the computed result back to the computation nodes CN. The
computation nodes CN may use the returned value for computation of further
computation tasks and may again forward at least a further part of a computation task to

at least one of the boosters B).

Page 165 of 198



Application/Control Number: 16/963,749 Page 13
Art Unit: 2196

Regarding claim 10, Lippert discloses

wherein the resource manager receives the information (paragraph [0097]:
For doing so the resource manager RM may access the assignment metric, which may
be stored in a database DB or any kind of data source. The resource manager RM is
arranged to update the assignment metric, which can be performed under usage of a
database management system. The database DB can be implemented as any kind of
storage. It may for instance be implemented as a table, a register or a cache) such that
the resource manager dynamically alters assignment of the computation nodes
and booster nodes to each other (paragraph [0091]: at least one booster B to one of
the plurality of computation nodes CN in step 102 by a resource manager RM, for
computation of the second part of the computation task is performed. As the right arrow
in FIG. 4 indicates the control flow may point back to step 100. After assigning at least
one booster B to at least one of the plurality of computation nodes CN in step 102 the
assignment can be communicated to a computation node CN, which uses the
transmitted assignment in further outsourcing steps. Hence, computing at least a
second part of the computation task is performed in step 101 as a function of the
assignment step 102; paragraph [0093]: Step 102 may comprise sub steps such as
returning the computed at least second part of the computation task back to the
computation node CN. Hence, the booster B returns the computed result back to the
computation nodes CN. The computation nodes CN may use the returned value for
computation of further computation tasks and may again forward at least a further part

of a computation task to at least one of the boosters B).
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Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to SISLEY KIM whose telephone number is (571)270-
7832. The examiner can normally be reached on 9:30 A.M - 6:30 P.M.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Emerson Puente can be reached on (571)272-3652. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.
Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either Private PAIR or Public PAIR. Status
information for unpublished applications is available through Private PAIR only. For

more information about the PAIR system, see hiip//pair-directuspio.aoy. Should you

have questions on access to the Private PAIR system, contact the Electronic Business
Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO
Customer Service Representative or access to the automated information system, call
800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/SISLEY N KIM/

Primary Examiner, Art Unit 2196
4/8/2022
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Docket No.: 29959/55804

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of:
Thomas Lippert et al.
Application No.: 16/963,749 Confirmation No.: 6322
Filed: July 21, 2020 Art Unit: 2196
For: APPLICATION RUNTIME DETERMINED Examiner: D. G. Muller

DYNAMICAL ALLOCATION OF
HETEROGENEOUS COMPUTE RESOURCES

AMENDMENT IN RESPONSE TO NON-FINAL OFFICE ACTION UNDER 37 C.F.R. § 1.111

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Dear Sir:

INTRODUCTORY COMMENTS

In response to the Office Action dated April 22, 2022, please amend the above-

identified U.S. patent application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on

page 2 of this paper.

Remarks/Arguments begin on page 4 of this paper.
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AMENDMENTS TO THE CLAIMS

1. (Currently Amended) A method of operating a heterogeneous computing system
comprising a plurality of computation nodes and a plurality of booster nodes, at least one of
the plurality of computation nodes and a plurality of booster nodes being arranged to
compute a computation task, the computation task comprising a plurality of sub-tasks,
wherein the method comprising:

in a first computing iteration, assigning and processing the plurality of sub-tasks are

assigned-to-andprocessed by [[ones]] at least a portion of the plurality of computation nodes
and at least a portion of the plurality of booster nodes in a first distribution; and

generating, using information relating to the processing of the plurality of sub-tasks

by at least the portion of the plurality of computation nodes and at least the portion of the

plurality of booster nodes isusedte-generate, a further distribution of the plurality of sub-
tasks between the plurality of computation nodes and the plurality of booster [[node]] nodes

for processing thereby in a further computing iteration.

2. (Criginal) The method according to claim 1, wherein an application manager receives

the information and determines the further distribution.

3. (Currently Amended) The method according to claim 2, wherein a resource manager
determines the assignment of tasks-and the plurality of sub-tasks to the plurality of
computation nodes and the plurality of booster nodes for the first computing iteration as a
function of the computation task and wherein the application manager receives the
information and processes [[it]] the information as input to the resource manager such that

the resource manager dynamically alters further distribution during the computing of the
computation task.

4. (Currently Amended) The method according to claim [[1]] 3, wherein the resource
manager receives the information such that the resource manager dynamically alters
assignment of the plurality of computation nodes and the plurality of booster nodes to each
other during the computation of the computation task.

5. (Currently Amended) The method according to claim 1, wherein daemons operate in the
plurality of computation nodes and the plurality of booster nodes to generate the information.
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6. (Currently Amended) The method according to claim 1, wherein the first distribution is
determined based on a rating provided in source code for each sub-task in the plurality of
sub-tasks.

7. {Currently Amended) The method according to claim 1, wherein the information is used to
provide a grouping of sub-tasks in at least one of the first computing iteration and second
fterations the further computing iteration.

8. (Currently Amended) The method according to claim 3, wherein a daemon operating at a
node generates a measure of a loading of the node during processing of a sub-task of the
plurality of sub-tasks.

9. (Currently Amended) A heterogeneous computing system comprising:

a plurality of computation nodes and a plurality of booster nodes for computing one
or more tasks comprising multiple sub-tasksi[,]1:

a communication interface connecting the plurality of computation nodes with each

other and the plurality of booster nodesswhereinthe-system-comprises;

a resource manager for assigning at least a portion of the plurality of booster nodes

and at least a portion of the plurality of computation nodes to each other for the computing of

the one or more tasks in a first computing iteration; and whereinthe-system-further
comprises
an application managers-the-application-managerbeing-arranged configured to

receive information from daemons operating in at least the portion of the plurality of

computation nodes and at least the portion of the plurality of booster nodes to update a

distribution of the multiple sub-tasks between the plurality of computation nodes and the
plurality of booster nodes [[for]] in a further computing iteration.

10. (Currently Amended) The heterogeneous computing system according to claim 9,

wherein the resource manager receives the information such that the resource manager
dynamically alters assignment of the plurality of computation nodes and the plurality of
booster nodes to each other.
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REMARKS
By this Amendment, Applicant amends claims 1 and 3-10. Claims 1-10 are pending
in the application.
From the Office Action (OA) dated April 22, 2022, claim 9 stands interpreted under
35 U.S.C § 112(f). Further, claims 1-10 stand rejected under 35 U.S.C § 102 as allegedly
being anticipated by Lippert et al. (U.S. Publication No. 2013/0282787; hereinafter “Lippert”).
In view of the foregoing amendments and the following remarks, reconsideration and

allowance are respectfully requested.

Claim Interpretation
Claim 9 stands interpreted under 35 U.S.C. § 112(f). In particular, the OA asserts

M 4

that the claim limitations “a plurality of computation nodes,” “a plurality of booster nodes,”
“communication interface,” “resource manager,” and “application manager” are generic
placeholders coupled with functional language without reciting sufficient structure to perform
the received function and the generic placeholders are not preceded by a structural modifier.

Applicant respectfully disagrees with this interpretation and submits that the
specification includes sufficient structural support for these claim limitations, for example in
paragraphs [0013]-[0015] and [0021]-[0025].

Accordingly, Applicant respectfully submits that claim 9 should not be interpreted
under 35 U.S.C. § 112(f).

Claim Rejection Under 35 U.S.C. §102
Claims 1-10 stand rejected under 35 U.S.C. 102 as allegedly being anticipated by

Lippert. Applicants respectfully traverse the rejection because Lippert fails to disclose each
and every element of these claims.

Claim 1 as amended recites a method of operating a heterogeneous computing
system comprising a plurality of computation nodes and a plurality of booster nodes,
comprising “in a first computing iteration, assigning and processing the plurality of sub-tasks
by at least a portion of the plurality of computation nodes and at least a portion of the
plurality of booster nodes in a first distribution,” and “generating, using information relating to
the processing of the plurality of sub-tasks by at least the portion of the plurality of
computation nodes and at least the portion of the plurality of booster nodes, a further
distribution of the plurality of sub-tasks between the plurality of computation nodes and the
plurality of booster nodes for processing thereby in a further computing iteration.” Amended
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claim 9 recites similar elements. Applicant respectfully submits that Lippert fails to disclose
this combination of elements.

Lippert descries “a computer cluster arrangement and a method for operation of the
introduced computer cluster arrangement” (see Abstract). In particular, Lippert discloses
that the computer cluster arrangement solves “the parts of the computation task in parallel or
in succession” (see paragraph [0016]). For example, a computation task may be divided into
a first part and a second part and the second part may be computed parallel to the first part
or subsequent to the first part. However, in contrast, amended claims 1 and 9 recite that the
plurality of sub-task are processed in multiple computing iterations.

Additionally, paragraph [0020] of Lippert, which is cited in the OA, also fails to cure
the missing disclosure of multiple computing iterations. In particular, paragraph [0020] of
Lippert discloses a computation history used to empirically evaluate the response time of
various boosters. For the sake of empirical evaluation and comparability of various
boosters, the same computation task is computed on various boosters. In contrast to the
recited limitations of amended claims 1 and 9, the computation history does not concern the
present computation task, but instead concerns previous computation tasks which might be
specially designed for testing purposes. Therefore, Lippert fails to disclose a plurality of sub-
tasks of a specific computation task being computed in multiple computing iterations.

As depicted in FIG. 4 and described in paragraph [0091], instead of a task being
computed in multiple computing iterations, Lippert describes a first part of a computation
task that is computed by at least two of the plurality of computation nodes CN, and a second
part of the computation task that is computed by at least one booster B. The “right arrow” in
FIG. 4 identifies a returning of the resuits from the booster to the computation node for the
computation node to use for computation of further computation tasks and optionally for
forwarding at least a further part of a computation task to at least one of the boosters B (see
paragraphs [0093] and [0094]).

Amended claims 1 and 9 are further distinguished over Lippert. In particular,
paragraph [0017] of Lippert discloses updating an assignment metric at runtime “as a
function of a load balancing, which detects workload of the computer cluster
arrangement, especially of the boosters” (emphasis added). This merely indicates that the
boosters are dynamically assigned to computation nodes based on the current workload.

For such a load balancing, only the workload of the single boosters is required (i.e.,
information relating the status of the computing nodes and the boosters, but not
information relating to the processing of the sub-tasks). In contrast, amended claims 1 and 9
allow for redistribution based on information relating to the processing of the plurality of

5
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sub-tasks, including adjusting the distribution of sub-tasks between computation nodes and
boosters based on a scalability of the sub-task. The distribution may also be influenced by
information learned about the processing of the sub-task and any need to call further sub-
tasks during the processing (see, e.g., paragraph [0024] of the instant application). While
amended claims 1 and 9 relate to analyzing the piurality of sub-tasks and obtaining
information relating to the processing of the plurality of sub-tasks, Lippert merely proposes a
load balancing based on the workload of the nodes.

For at least these reasons, Lippert fails to disclose the claimed combination “in a first
computing iteration, assigning and processing the plurality of sub-tasks by at least a portion
of the plurality of computation nodes and at least a portion of the plurality of booster nodes in
a first distribution,” and “generating, using information relating to the processing of the
plurality of sub-tasks by at least the portion of the plurality of computation nodes and at least
the portion of the plurality of booster nodes, a further distribution of the plurality of sub-tasks
between the plurality of computation nodes and the plurality of booster nodes for processing
thereby in a further computing iteration,” as recited in amended claim 1 and as similarly
recited in amended claim 9. Therefore, Lippert fails to anticipate amended claims 1 and 9.

Accordingly, Applicant respectfully submits that the rejection of amended claims 1
and 9 under 35 U.S.C. § 102 is overcome and requests that the rejection be withdrawn.
Further, 2-8 and 10 depend from either claim 1 or 9. Therefore, the rejection of these claims
should be withdrawn for at least the reasons mentioned above.
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CONCLUSION
In view of the above, Applicant submits the pending application is in condition for

allowance and an early action so indicating is respectfully requested.

The Commissioner is authorized to charge any fee deficiency required by this paper,
or credit any overpayment, to Deposit Account No. 13-2855, under Order No. 29959/55804,
from which the undersigned is authorized to draw.

Dated: July 22, 2022 Respectfully submitted,

By_ /Matthew R. Carey/
Matthew R. Carey
Registration No.: 61,082
MARSHALL, GERSTEIN & BORUN LLP
233 S. Wacker Drive
6300 Willis Tower
Chicago, lllinois 60606-6357
(312) 474-6300
Attorney for Applicant
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(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) : (] Individuat [ Corporation or other private group entity (] Government

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

(] Electronic Payment via EFS-Web (] Enclosed check (L] 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.
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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. |
16/963,749 07/21/2020 Thomas Lippert 29959/55804 6322
4743 7590 09/01/2022 | EXAMINER |
MARSHALL, GERSTEIN & BORUN LLP KIM, SISLEY NAHYUN
233 SOUTH WACKER DRIVE
6300 WILLIS TOWER | ART UNIT PAPER NUMBER |
CHICAGO, IL 60606-6357 2196

DATE MAILED: 09/01/2022

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

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

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

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

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

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

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

Privacy Act Statement

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

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

1.

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

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)).

. 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.

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, Statpagéoygzaﬁf 198
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or régulation.



Application No. Applicant(s)
; . 16/963,749 Lippert et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
SISLEY N KIM 2196 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice 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.} This communication is responsive to 07/22/2022.
[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 1-10 . 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) LJAll b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* 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.

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

Attachment(s)

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

2.0 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.{] Interview Summary (PTO-413),
Paper No./Mail Date.

/SISLEY N KIM/
Primary Examiner, Art Unit 2196

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20220826
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Application/Control Number: 16/963,749 Page 2
Art Unit: 2196

Notice of Allowability
Reasons for Allowance

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

Applicant’'s amendment and arguments filed on July 22, 2022 have been fully
considered and they are persuasive.

The combination of elements recited in the claims as amended is not taught or
suggested by the prior art(s) of the record either alone or in combination. An updated
search has been performed and no prior art has been found that teaches the
combination of elements present in the claims. Thus, the claims are deemed allowable.

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

Statement of Reasons for Allowance.”

Conclusion
2. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to SISLEY KIM whose telephone number is (571)270-
7832. The examiner can normally be reached on Monday through Friday from 9:30 A.M
- 6:30 P.M EST.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Emerson Puente can be reached on (571)272-3652. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 16/963,749 Page 3
Art Unit: 2196

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/SISLEY N KIM/

Primary Examiner, Art Unit 2196
8/20/2022
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | ¢ 963 749 Lippert et al.
H “ ““H Examiner Art Unit
SISLEY N KIM 2196
CPC
Symbol Type Version
GO6F 9 5061 F 2013-01-01
GO6F 2209 509 A 2013-01=01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 10
/SISLEY N KIM/ 26 August 2022 . . _—
Primary Examiner, Art Unit 2196 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1

U.S. Patent and Trademark Office

Page 1 of 3

Part of Paper No.: 20220826
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | ¢ 963 749 Lippert et al.

H “ ““H Examiner Art Unit
SISLEY N KIM 2196

INTERNATIONAL CLASSIFICATION
CLAIMED

GO6F9/50

NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 10
/SISLEY N KIM/ 26 August 2022 ) . _—
Primary Examiner, Art Unit 2196 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Part of Paper No.: 20220826
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | ¢ 963 749 Lippert et al.
H “ ““H Examiner Art Unit
SISLEY N KIM 2196

CLAIMS

Claims renumbered in the same order as presented by applicant (J CPA (J T.D.

O R.1.47

Final |Original|Final |Original|Final |[Original|Final [Original

Final |Original]Final |Original]Final [Original]Final [Original

NONE

(Assistant Examiner)

Total Claims Allowed:

(Date) 10

/SISLEY N KIM/
Primary Examiner, Art Unit 2196

(Primary Examiner)

26 August 2022 O.G. Print Claim(s) | O.G. Print Figure

(Date) 1 1

U.S. Patent and Trademark Office

Page 3 of 3

Part of Paper No.: 20220826
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Noles 16/963,749 Lippert et al.
LT
SISLEY N KIM 2196
CPC - Searched*
Symbol Date Examiner
GO06F9/5061 and GO6F2209/509 10/16/2021 SK
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

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

the search.

Search Notes

Search Notes Date Examiner

Inventor Search for double patent issue 10/16/2021 SK

CPC and US classes search with keywords 10/16/2021 SK

NPL google search with keywords 10/16/2021 SK

Attached East Search History Above 10/16/2021 SK

Updated Attached East Search History Above 08/26/2022 SK

Interference Search

g?nst:zfs/CPC US Subclass/CPC Group Date Examiner
See interference search history 08/26/2022 SK

U.S. Patent and Trademark Office

Page 1 of 1
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PE2E SEARCH - Search History (Prior Art)

Ref # Hits Search Query DBs Default Plurals British Time Stamp
Operator Equivalents
L10 2 "16963749" (US-PGPUB; USPAT; |(ADJ OFF OFF 2022/08/20
USOCR; FPRS; EPO; 03:42 PM
JPO; DERWENT;
IBM_TDB)

L11 74 ((("Lippert") near3 (US-PGPUB; USPAT; |(ADJ OFF OFF 2022/08/20
("Thomas"))).INV. USOCR) 03:42 PM

L12 4 ((("Frohwitter") near3 (US-PGPUB; USPAT; |(ADJ OFF OFF 2022/08/20
("Bernhard™))).INV. USOCR) 03:42 PM

L13 13782 (GO6F9/5061 or (US-PGPUB; USPAT; |(ADJ OFF OFF 2022/08/20
GO06F2209/509).cpc. USOCR; FPRS; EPO; 03:42 PM

JPO; DERWENT;
IBM_TDB)

L14 204 booster node (US-PGPUB; USPAT; |(ADJ OFF OFF 2022/08/20
USOCR; FPRS; EPO; 03:42 PM
JPO; DERWENT;
IBM_TDB)

L15 5 booster node SAME (US-PGPUB; USPAT; |(ADJ OFF OFF 2022/08/20
computation node USOCR; FPRS; EPO; 03:42 PM

JPO; DERWENT;
IBM_TDB)

L16 0 booster node SAME (US-PGPUB; USPAT; |(ADJ OFF OFF 2022/08/20
computation node AND |USOCR; FPRS; EPO; 03:42 PM
distribut$3 WITH task$1 |JPO; DERWENT;

IBM_TDB)

L17 0 booster node SAME (US-PGPUB; USPAT; |(ADJ OFF OFF 2022/08/20
computation node AND |USOCR; FPRS; EPO; 03:42 PM
sub$1task$1 JPO; DERWENT;

IBM_TDB)

L18 2 booster node AND (US-PGPUB; USPAT; |(ADJ OFF OFF 2022/08/20
computation node AND |USOCR; FPRS; EPO; 03:42 PM
sub$1task$1 JPO; DERWENT;

IBM_TDB)

L19 3 "20120317168" (US-PGPUB; USPAT; |(ADJ OFF OFF 2022/08/20
USOCR; FPRS; EPO; 03:44 PM
JPO; DERWENT;
IBM_TDB)

L20 233 booster AND (US-PGPUB; USPAT; |(ADJ OFF OFF 2022/08/20
computation AND USOCR; FPRS; EPO; 05:04 PM
sub$1task$1 JPO; DERWENT;

IBM_TDB)

L21 0 booster SAME (US-PGPUB; USPAT; |(ADJ OFF OFF 2022/08/20
computation USOCR; FPRS; EPO; 05:04 PM
SAMEsub$1task$1 JPO; DERWENT;

IBM_TDB)

L22 8 booster SAME (US-PGPUB; USPAT; |(ADJ OFF OFF 2022/08/20
computation SAME USOCR; FPRS; EPO; 05:04 PM
sub$1task$1 JPO; DERWENT;

IBM_TDB)

L23 0 booster AND (US-PGPUB; USPAT; |(ADJ OFF OFF 2022/08/20

08/26/2022 04:21:22 PM e 1

Workspace: 16963749_2 Page IQQ’ 01’198




computation AND third |USOCR; FPRS; EPO; 05:05 PM
sub$1task$1 JPO; DERWENT;
IBM_TDB)

L24 0 acclerator SAME third [(US-PGPUB; USPAT; |ADJ OFF OFF 2022/08/20

sub$1task$1 USOCR; FPRS; EPOQ,; 05:05 PM
JPO; DERWENT;
IBM_TDB)

L25 3 accelerator SAME third |[(US-PGPUB; USPAT; |ADJ OFF OFF 2022/08/20

sub$1task$1 USOCR; FPRS; EPOQ,; 05:05 PM
JPO; DERWENT;
IBM_TDB)

L26 10 accelerator SAME (US-PGPUB; USPAT; |ADJ OFF OFF 2022/08/20
distribut$3 WITH USOCR; FPRS; EPO; 05:06 PM
sub$1task$1 JPO; DERWENT;

IBM_TDB)

L27 39 distribut$3 WITH (US-PGPUB; USPAT; |ADJ OFF OFF 2022/08/20
sub$1task$1 WITH USOCR; FPRS; EPOQ,; 05:13 PM
iterati$s JPO; DERWENT;

IBM_TDB)

L28 341 sub$1task$1 WITH (US-PGPUB; USPAT; |ADJ OFF OFF 2022/08/20

iterati$s USOCR; FPRS; EPOQ,; 05:14 PM
JPO; DERWENT;
IBM_TDB)

L29 102 (boost$3 OR (US-PGPUB; USPAT; |ADJ OFF OFF 2022/08/20
accelerator) WITH USOCR; FPRS; EPO; 09:15 PM
sub$1task$1 JPO; DERWENT;

IBM_TDB)

L30 155 (boost$3 OR (US-PGPU